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Abstract: A Digital Twin can be understood as a representation of a real asset, in other words, a virtual replica
of a physical object, process or even a system. As virtual models, they can integrate with all the latest
technologies, such as the Internet of Things (IoT), Cloud Computing and Artificial Intelligence (AI), among
others. Digital twins have applications in a wide range of sectors, from manufacturing and engineering to
healthcare. They have been used in managing healthcare facilities, streamlining care processes, personalizing
treatments, and enhancing patient recovery. By analyzing data from sensors and other sources, healthcare
professionals can develop virtual models of patients, organs, and human systems, experimenting with various
strategies to identify the most effective approach. This approach can lead to more targeted and efficient
therapies while reducing the risk of collateral effects. Digital twin technology can also be used to generate a
virtual replica of a hospital to review operational strategies, capabilities, personnel, and care models to identify
areas for improvement, predict future challenges, and optimize organizational strategies. The potential impact
of this tool on our society and its well-being is quite significant. This article explores how digital twins are
being used in healthcare. The article also introduces some discussions on the impact of this use and future
research and technology development projections for the use of digital twins in the healthcare sector.

Keywords: Digital Twins; Health 4.0; Digital Health; Healthcare

I. Introduction

The incorporation of digital models as an indispensable part of the process of studying and
developing physical objects is an established practice. The virtual prototyping approach combines
the power of digital technology with the principles of engineering and design, allowing physical
products and systems to be created and improved more efficiently and accurately. The ability to
virtually simulate and analyze objects and systems prior to their physical production has proven to
be an invaluable tool in a wide variety of sectors, including manufacturing, engineering, architecture
and medicine, among others, providing benefits such as time savings, cost reductions and the
possibility of optimizing the performance and functionality of products [3,21,30].

The advent of the fourth industrial revolution, known as Industry 4.0, characterized by the
fusion of physical and digital technologies, creating intelligent and interconnected systems, has
resulted in a reinvention of the concept of simulation, giving rise to what is defined as Digital Twins
[15,21,39]. The continuous growth and evolution of technologies such as the Internet of Things (IoT),
Artificial Intelligence (AI), Machine Learning and Big Data has made it possible to collect, process
and store large amounts of data in real time. These technologies are essential for the creation and
operation of what we now know as the Digital Twin (DT), providing the basis for capturing data
from the physical world and transforming it into accurate virtual replicas, allowing us to analyze
various aspects of an object, a equipment, a process or even an industrial plant in their entirety,
testing scenarios and possibilities before implementing them in their physical copy, making decision-
making faster, more efficient and cheaper [21,27].

A digital twin is, conceptually, defined as a digital replica or virtual representation of an object,
process or system. However, its definition can be even broader, considering it as a virtual model (data
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plus algorithms) with special characteristics not found in traditional models and simulations, which
dynamically combines the physical and digital worlds, taking advantage of new technologies, such
as intelligent sensing, analysis of large volumes of data and artificial intelligence (Al) in order to
detect and prevent failures, improve performance and prospect opportunities for innovation in the
entity studied [6,35]. In this way, its potential goes beyond virtual prototyping, being able to provide
information and subsidies to anticipate situations before they occur, allowing scenarios to be planned
in advance, reducing costs, minimizing losses and failures and mitigating risks and damages that
compromise the active [24].

The increasing use of digital twin technology across industries highlights its potential to
revolutionize the way we create, manage and operate even the most complex systems. The Health
field is characterized by being a complex ecosystem that requires effective and efficient operations,
optimizations, management and control in order to offer reliable, economical and quality healthcare
actions and services. Your main challenge is to provide the best possible healthcare services to
patients using limited healthcare resources. The use of digital twins for predictive analysis, process
improvement, supply capacity planning, risk management, assertiveness in diagnosis, increased
clinical safety, among others, will allow managerial and clinical decisions to improve the quality of
health care offered in the future. [32,34,37].

The aim of this work is to compile the state of the art in the use of digital twins in healthcare, by
reviewing the scientific literature on the subject, thus making it possible to assess the trends and
challenges of this technology for the coming years. We hope that this work will make it possible to
capture and anticipate future developments in the healthcare sector, in order to generate visions and
options for a technology that is expanding in use and that brings opportunities for innovation in the
ways of planning, producing and managing products and processes.

In addition to this introduction, this article presents five other sections. Section 2 describes the
bibliographic research carried out on Digital Twins, Digital Health and Healthcare. Section 3 lists the
methodology used for the rapid literature review. Section 4 presents the results. Section 5 discusses
the results. Finally, section 6 presents the conclusion and the limitations of the work.

II. Literature Review

This section presents the theoretical basis used to support the discussion on the use of digital
twins in healthcare. To this end, we sought to contextualize the topic, seeking to understand the
process of digital transformation in the health sector and its relationship with innovative forms of
service provision, especially in health care.

A. Digital Twins

A digital twin can be understood as technology capable of mapping the real world to the digital
world through interaction between the two in real time. By reflecting the composition and structure
of the entities studied, the relationship between them and the external environment and their
behavior in the digital world, this technology makes it possible to appropriate the current state of
these entities, predict subsequent changes and provide guidance in their operation. Digital twins can
be used to simulate a variety of entities with increasing levels of complexity, from everyday consumer
objects to complex systems such as transportation, cities, ecosystems and even the human body
[1,5,42].

Although the concept was mentioned as early as the 1990s in David Gelernter’'s book Mirror
Worlds, it was Michael Grieves, at a conference for industry at the University of Michigan in 2002,
who proposed an architecture for digital twins. The model mentioned both the concepts of real and
virtual space and a flow of data between them. Although it had an initial idea of dealing with reality
and virtual existence in the context of Digital Twins, the model did not explain exactly how these two
elements would interact, nor did it indicate which technology could be used for this interaction [6,20].
It wasn’t until 2010 that the concept of Digital Twins was formally introduced by John Wicks in a
NASA strategy report, marking the official starting point for the development of the idea of digital
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twins. The United States space agency began using the term “Digital Twins” in its technological
strategy in 2012, signaling its commitment to exploring and improving this innovation.

Advances in computer processing capacity, storage and data transmission speed have triggered
the emergence of innovative technologies, which include Machine Learning, connectivity (4G and
5G) and management of large volumes of data (Big Data), cloud computing (Cloud Computing) and
the Internet of Things (IoT). These technologies represented a significant transformation in the
industrial landscape, being the main drivers of the so-called Fourth Industrial Revolution, also
known as Industry 4.0. Machine Learning empowers systems to learn and adapt from data, driving
automation and intelligent decision-making. Connectivity, in turn, allows devices, machines and
systems to communicate in real time, enabling more effective coordination and better process
integration. Big Data deals with the ability to collect, store and analyze significant volumes of data,
providing valuable insights to improve processes and make decisions with more confidence. Cloud
computing enables access to scalable and flexible computing resources, reducing costs and improving
efficiency. IoT, in turn, involves the interconnection of physical devices on the network, allowing
remote monitoring and control. Together, these technologies are redefining the industry, promoting
greater efficiency, personalization, automation and the creation of new business models. In this
context, Digital Twin technology has recently been added [6,18,22,24,36,43].

The concept of digital twins appears intrinsically related to this perspective of technological
innovation, aiming to create a detailed and as faithful digital representation as possible of a real-
world entity. This digital representation makes it possible to experiment with scenarios and
possibilities even before they are implemented in the physical world, resulting in more agile, effective
and economically advantageous decision-making. Through digital twins, it is possible to accurately
model objects, systems and processes in a virtual environment. This digital replica not only mirrors
the physical characteristics, but also the dynamics and behavior of the real world. Thus, it is possible
to carry out more detailed simulations and test different approaches without incurring the costs
associated with manipulating objects or modifying physical systems. The ability to virtually test
scenarios and changes makes decision-making more informed, as the impact of choices can be
assessed before implementing them. Furthermore, this approach contributes to the early
identification of problems, allowing for more economical and efficient corrections [2,30,42].

In practice, a Digital Twin uses data, such as physical models, sensor updates and operation
histories, and integrates several simulation processes from different perspectives. This allows you to
map the object or system in virtual space, reflecting its entire life cycle or execution time. Digital
replicas offer two major advantages: on the one hand, they help to create hypotheses and scenarios
to anticipate any type of error and adverse event and, on the other, they contribute to optimizing the
functioning of different types of processes and operations.

A digital twin is made up of three main parts: (1) the physical product in real space, (2) the
virtual product in virtual space and (3) the data and information link that connects the real and virtual
spaces. The virtual part not only stores the history of the physical part, but can also provide
optimization and prediction for it, so that convergence between the parts is always sought [27,39].
They are characterized by three functions: (1) data fusion of various characteristics of physical objects
and high-fidelity mapping of physical objects in real time; (2) coexistence and evolution throughout
the life cycle of physical objects; and (3) description, optimization and control of physical objects.

Healthcare is a field in which digital twins are being explored and applied. Digital twins are
highly relevant for the development and consequent advancement of digital health. There is a
growing demand from key players in the health sector in relation to the use of new digital health
solutions, which are technologically viable and capable of actively and intelligently using patient
data. These replicas can be used for a variety of purposes, including analyzing existing situations, but
also predicting the results of interventions. The use of digital twins (DTs) in healthcare can help
understand and diagnose different pathologies, simulate therapies or medical treatments and predict
their results. Such predictions can be made for a specific individual or for an entire population.

To date, most studies [2,8,12,14,16,32,37,38,44—46] in the industry focus on the virtualization of
individual assets, considering the point of view of an application specific, such as body parts, organs
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or body systems aiming to personalize care or in the reproduction of health equipment and facilities
such as hospitals. However, in the real world, these assets are often interconnected and play roles in
common processes and ecosystems. Certainly, the greatest potential for its future use is to virtualize
contexts and situations that involve several interrelated strategic assets of a macro healthcare
organization. This results in the creation of digital twin ecosystems based on a “digital twin as a
service” perspective. The future of healthcare is inextricably linked to our ability to effectively
improve healthcare delivery and the patient experience through well-informed and consistent new
technologies, and digital twins can play this role.

B. Digital Health

According to the World Health Organization, Digital Health encompasses the field of
knowledge and practice related to the development and use of digital technologies to support health.
Digital health generally encompasses a broader spectrum of technologies and applications, while “e-
Health” or “ eHealth ” often focuses on the digital delivery and consumption of healthcare services.
This definition expands the original concept of e-Health to include the latest technological advances
such as the Internet of Things, artificial intelligence, big data and robotics [19].

Digital Health would then comprise the use of Information and Communication Technology
(ICT) resources in order to produce and make reliable information about health status available to
citizens, health professionals and public managers [9]. It represents a revolution in healthcare, taking
advantage of technological advances to improve access, efficiency and quality of healthcare services.
It is a rapidly growing field that encompasses a wide range of technologies and applications, all
aimed at improving the well-being of patients and simplifying the work process for healthcare
professionals. The accelerated incorporation of technology has profoundly changed the way medical
care is being provided, as well as the management of health care.

The evolution of the concept of digital health and its interconnection with digital transformation
demonstrate the profound influence of technology on the provision of medical care. Digital health
interventions are increasingly being integrated into healthcare workflows with the aim of improving
efficiency and effectiveness in patient care. As a result, continued patient engagement with these
digital interventions can maximize benefits in terms of health outcomes. However, the journey is long
to complete, and the next decades promise a continuous redefinition in the way healthcare services
are provided, making it more patient-focused, accessible and effective.

While Digital Health has extraordinary potential, it faces significant challenges and risks. One
such notable challenge is the ‘Digital Health Paradox’. While this technology has the potential to
increase access to healthcare, it can also be perceived as a “form of barrier” where people who benefit
most often face more difficulties accessing it due to a lack of resources or digital skills. This makes
them more susceptible to the “infodemic”, misinformation and the risk of having their personal data
exploited [17,26]. digital transformation: i) access to infrastructure and connectivity, ii) competence
in digital literacy, and iii) encouraging the use of digital technologies [7].

The incorporation of digital health into day-to-day healthcare services is essential for an
accessible, patient-centered healthcare system. Its widespread adoption can meet individual and
collective health needs and can also offer a harmonious therapeutic relationship through unique
therapeutic projects and the reconfiguration of the bond between patients and health equipment [47].

The ability to collect, analyze and share data effectively is enabling unprecedented
personalization in healthcare, improving the assertiveness of treatments, reducing costs and putting
patients in control of their own health [25]. This digital revolution is shaping the future of healthcare,
promising to bring even more disruptive changes in the years to come. But for this to become a reality,
it is necessary to bring together efforts in initiatives that boost the analytical intelligence of healthcare
organizations, in order to enable the integration, mining and interoperability of data that enable the
prescription, prediction and personalization of centered care. patient and value-based.

C. Health Care
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The health sector has made historic advances with basic sanitation, discoveries of vaccines and
medicines, with the rapid incorporation of medical technologies for diagnosis and treatments, with
the improvement and expansion of health care, among others. However, social and demographic
factors such as intense urban mobility, accelerated population growth with increased life expectancy
and high health costs have increased the level of difficulty in providing health responses for national
health systems. In addition to this, the emergence of new diseases with a global reach dramatically
encourages the health sector to be better prepared in the coming decades.

Providing quality healthcare means guaranteeing and respecting the dignity of each citizen who
forms part of and builds a given society. There has been much discussion about the best way to
manage health in countries. The World Health Organization—WHO defines a health system as the
set of activities whose primary purpose is to promote, restore and maintain the health of a population
to achieve an optimal level of health in an equitable manner, adequate risk protection for the entire
population. population, the provision of safe and effective services, the humanized reception of
citizens and the provision of efficient services. Health care systems constitute social responses
organized to respond to the needs (and preferences) of societies [29].

Among the current and future challenges for global health, we highlight the greater use of health
systems resulting from the demographic and epidemiological transitions of the world population,
the increasing incorporation of new technologies and the expansion of self-care managed by
individuals, the increase in expectations of individuals mainly due to the association with other
consumption patterns and the inability of supply/wealth to grow in the same proportion as needs
due to the inelastic behavior of demand, unlike the needs for health care, tending to infinity [13].
Although the amounts spent on health, as a proportion of the Gross Domestic Product (GDP), are
becoming increasingly higher, discrepancies continue between countries and continents when
considering per capita spending. Therefore, health underfunding has also been repeatedly identified
as one of the main causes of precarious health services in many countries [41].

However, perhaps the biggest challenge of all is the shift in the focus of the workforce in the
Health sector, which is no longer centered on acting essentially on the disease and becomes centered
on the person, involving and committing individuals to your own health. In the disease-centered
model, the main purpose is the treatment, and if possible, the cure of the disease. Its emphasis is on
identifying the signs and symptoms necessary to reach a diagnosis and then begin the most
appropriate treatment for that pathology. It is worth noting that in this model, the health professional
is the one who defines the object of the work, with the patient being just a supporting role. In the
person-centered care model, the purpose goes beyond the disease, because, no matter how assertive
the treatment, the main objective is to promote the individual’s autonomy and their participation as
protagonists of their health status. In this new paradigm of health care, the provision of services
would necessarily occur in a way that respects autonomy, responding to the needs, preferences and
values of the person assisted, with the guarantee that such values guide all clinical decisions, thus
resulting in strong engagement of the individual with their health status. Person-centered care helps
users develop the knowledge, skills and confidence they need to manage and make informed
decisions about their own health and healthcare more effectively [33,40].

Established as a global priority in 2005 by the World Health Organization (WHO—World Health
Organization ) [19], the digital transition has significantly impacted the health domain by creating the
conditions for redefining the care model, in the sense of becoming more integrated, more
participatory and more personalized.

Currently, the delivery of healthcare services continues to occur in a fragmented and timely
manner for the majority of patients. It becomes extremely difficult for healthcare professionals and
patients to monitor all important events, correlations and exposures that negatively affect the
provision of healthcare, both in terms of cost and quality. In this context, digital twins offer
remarkable potential to significantly improve healthcare delivery.

The correlation between healthcare and digital twins becomes intricate and complex. For
example, digital twins have the potential to improve medical diagnosis [25]. Healthcare professionals
can use these virtual representations to simulate medical conditions, test different treatment
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approaches, and evaluate results before applying them to real patients. This can lead to more accurate
diagnoses and more effective treatments. Additionally, digital twins can improve communication
and collaboration within the healthcare team. By enabling healthcare professionals to access
centralized, up-to-date patient information, care coordination becomes more efficient. Doctors can
share insights and treatment decisions based on hard data. The potential of digital twins in
telemedicine is also notable. Patients can have a digital “avatar” that represents their health status,
allowing doctors to monitor health remotely. This is especially valuable in chronic care situations or
in places where access to medical care is limited.

The combination of healthcare and digital twins opens the door to a revolution in healthcare
delivery. With the potential to improve diagnoses, treatments, care coordination and remote
monitoring, this correlation promises to offer significant benefits for patients, doctors and the entire
healthcare system. The journey towards more effective and personalized healthcare begins with the
amalgamation of digital innovation and healthcare delivery, resulting in unique, highly customized
therapeutic projects.

III. Methodology

The objective of the research was to analyze scientific publications with the purpose of
investigating the use of digital twins in health and the trends and challenges in their use, providing
an insight into the possible paths of health care. The research sought to answer two guiding questions:
“How are digital twins being used in the healthcare sector?” and “What are the challenges and
perspectives of using digital twins in the healthcare sector?”

The elaboration of the research questions and the bibliographic search were based on the PICO
strategy (acronym for P: population/patients; I: intervention; C: comparison/control; O: outcome/
outcome ). The PICO strategy works as an important auxiliary tool in the construction of research
questions and bibliographic search, allowing the researcher to locate, accurately and quickly, the best
scientific information available.

Table 1.
PICO Criteria Definition

Population Healthcare providers and patients interacting with digital twins in healthcare

: Digital Twins that use information from various sources, such as electronic
Intervention , L

health records, sensors, devices and applications.
Comparison Traditional simulation models
The potential of digital twins to improve healthecare
Outcome
Identification of application areas for digital twins in healthcare

Table 1 - PICO Strategy (Population, Intervention, Comparison, Outcome) criteria and definitions.

The search locations defined for the research originated from the automatic search in the digital
library of six academic databases: IEEE Xplore, Dimensions, Scopus, Web of Science, PubMed and
ACM. The six databases were chosen with the aim of covering the Engineering and Health research
areas. IEEE Xplore and ACM serve the purpose of containing the Engineering/Technology area,
whereas the Pubmed database is focused on the Health area. Scopus, Web of Science and Dimensions
incorporate a large number of fields of knowledge, and were included to identify any other records
relevant to this study that were not in the specific databases. We tried to restrict the search by using
specific keywords to find publications of interest.
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The search strategy was based on three main terms: Digital Twins, Digital Health and Healthcare.
Another filter applied in the search strategy was publications within a time range of up to 5 years
(2018 to 2023).

The resulting search query is shown below:

Table 2.

SEARCH STRING DATA BASE RESULTS

(“All Metadata™ “Digital twins™) AND (“All Metadata: “digital Health™) AND (“All Metadata™:

TEEE XP1 6
“Healthcare™) e

[Full Text: “digital twins™] AND [Full Text: “digital Health™] AND [Full Text: Healthcare] ACM digital library 25

"Digital twins"[All Fields] AND "digital Health"[All Fields] AND ("delivery of health care"[MeSH Terms]
OR. ("delivery"[All Fields] AND "health"[All Fields] AND "care" [All Fields]) OR "delivery of health PubMed 5
care"[All Fields] OR "healthcare"[All Fields] OR "healthcare s"[All Fields] OR "healthcares"[All Fields])

(TITLE-ABS-KEY (“digital twins™) AND TITLE-ABS-KEY (“digital Health™) AND TITLE-ABS-KEY

(healthcare)) SCOPUS 12
Ty - : T PR = » . o s AP
‘Digital twins™ (topic) and “digital Health™(topic) and Healthc?re' (topic) and 2019n0r 2020 or 2021 Or R T =
2022 or 2023(years of publication)
(“Digital twins”) AND (“digital Health™) AND “Healthcare™) Dimensions 24

Table 2: Search strings used

After applying the search strings, a total of 86 results were reported. After analyzing possible
duplicate references in the Zotero library, 28 duplicate results were excluded. At this stage, a total of
58 publications were reached. This last material, then, went through a data survey, collection and
analysis process, divided into three stages:

e  Pre-analysis evaluating title, abstract and keywords;
. Exploration of the selected material;
e  Treatment of results and interpretations.

Exclusion criteria included works in languages other than English; articles unavailable or only
partially available for download in the chosen databases. Furthermore, all articles that did not
explicitly mention the use of Digital Twins in Health, as well as items selected in the search, which
were books or book chapters, were also excluded to guide the discussion.

The only inclusion criterion was confluent studies that dealt with topics related to Digital Twins,

Digital Health and Health Care. Figure 1 illustrates the entire process:
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Bibliographic search in the
follow Databases: IEEE Xplore,
Dimensions, Scopus, Web of
Science, Pubmed and ACM

!

Selected Records

(n=86)

|

Records after duplication check

(n=58)

|

Records that met the proposed
eligibility criteria

(n=13)

Figure 1. scheme of the applied methodology.

ek

[

Exclusion due to duplicity

(n=28)

Exclusion by criteria

(n=45)

At the end of applying the methodology, 13 articles were obtained that met the eligibility criteria

proposed for discussion.

IV. Results

The studies included for discussion can be categorized according to the application of digital
twins in the Health sector into 2 groups: The clinical applications group, with 7 records and the
operational applications group with 6 records. The full spectrum of articles is detailed below in Table

3.

Table 3. findings and results.
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Application and type of DT Key findings

Ithcare (Per lized care)

Wickramasinghe etal. (2022), Application of digital twins to support healthcare in the context of personalized treatment for uterine cancer.

Proposition of a digital therapeutic methodology for mental health with digital twins associated with virtual coaching solutions to carry out

Gabrieliteral{2023) more effective, Al-based digital health interventions.

The use of DT to support precision medicine techniques in the context of continuous monitoring and personalized data-driven medical

Rivera, Luis F,, etal. (2019) # 8 B e
treatments with example in the management of chronic conditions.

Discussion on the impacts of using technologies in health care management, especially DTs, which, by incorporating biological (genomic),
Schwartz et al. (2020) behavioral, psychological and digital health data, will make users themselves evaluate the relationships between their own health patterns
response to treatments and the contingencies that impact them, modifying the standard of health self-management.

Ricci et al.(2023) The use of digital twins to support healthcare in the context of precision medicine in trauma management.

Healthcare management (Ethics)

Huangetal. (2022) Identification and analysis of the main ethical risks associated with the use of digital twins in personalized healthcare.
Healthcare (Vir ization of Biological Structures)
Viceconti etal, (2023) Discussion on the creation of the Virtual Human Twin with technical, political and social considerations.

Operational control (Process Optimization)

The use of digital Twins in the treatment of patients in emergency services, making service more agile and assertive, with reduced length of

Rajanikanth, et al (2023 i i iti
janikanth, etal ) stay through patients’ facial recognition.

The use of Digital Twin in the healthcare sector associated with other technologies such as [oT and Artificial Intelligence for monitoring

Chaudhari etal (2021) health conditions and evaluating responses to medical therapies and the use of certain medications health management for elderly
patients.
Safaand Asan (2023) Review of the main jobs for DTs in Healthcare and analysis of their potential to improve healthcare management and its challenges.

Review of DT technology in medicine and discussion of its potential applications, mainly in diagnosis and treatment, as well as its

SunT, He X, LiZ.(2023) challenges in the field of digital health.

Vallée (2023) Using digital twins to optimize clinical operations (workflow analysis and resource allocation) and improve patient safety.

Operational control (Virtualization of physical units)

Creating smart twin hospitals by integrating technologies powered by IoT, Al cloud computing and 5G applications with monitoring and

Cheng etal, (2022) assessment of healthcare scenarios.

When carrying out the content analysis of the articles, we can also verify a subdivision within
the groups. In the clinical applications group, we have five articles that are focused on the theme of
personalized care/precision medicine, signaling the development of digital technologies based on
real-time patient data for the management of specific diseases or conditions, one article adressing the
reproduction of biological structures creating avatars of organs or even the human body and another
that focuses on ethics issues of using DTs in healthcare. In the operational applications group, we
have a subgroup, with 5 articles, that discusses the application of digital twins supporting the
optimization of operational processes by using real-time data integration, advanced analytics and
virtual simulations to improve patient care and another subgroup with one article that relies on the
construction of virtual structures such as hospital.

In summary, in the sample of selected articles, the main benefits of using Digital Twin
technology for healthcare predominantly included increased personalization of care, improved
quality of care with the increasingly consistent use of precision medicine and gains in operational
efficiency of health facilities, equipment and services.

However, some included studies also highlighted key challenges related to DTs in healthcare,
such as interoperability, processing of large volumes of data, patient confidentiality and data security,
listing them as the biggest obstacles at the moment. for the large-scale implementation of this
technology.

V. Discussion
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Digital twins, at their core, represent highly detailed and interactive replicas of objects,
processes, dynamic structures and even human entities. They operate integrated with their real-
world counterparts, synchronously and synergistically. This conception has deep roots in
engineering, specifically in the practice of prototyping. However, with the increasing advancement
of technology, digital twins have become a promising tool by opening up space for innovation and
the development of solutions in various areas.

They have become viable thanks to developments in sensing, notably the Internet of Things (IoT)
and Artificial Intelligence. These technologies are capable of capturing information from the physical
world and transmitting it to be recreated in a virtual environment. The key to the functionality of a
digital twin is constant synchronization with the real world, a task carried out through
communications via the Internet, 4G, WiFi and, mainly, 5G, making this possible in real time.

Creating a digital twin allows you to anticipate future scenarios or review past events, all
without the need to experience these situations in reality. This saves costs and minimizes risks. Digital
twins have been used in healthcare to build digital representations from large volumes of health data,
such as hospital environments, test results, human physiology, lines of care, etc., through
computational models. To build virtual twins, several categories of data are used that cover
individual, population and even environmental characteristics.

Considering the results found in the selected literature, 4 main axes of application of digital
twins in health are presented:

Axis 1: Use of Digital Twins for Virtual Representation of Biological Structures

The use of digital twins in the virtual representation of biological structures has enabled a new
approach in medical education and clinical practice. The evolution of imaging technologies, such as
magnetic resonance imaging and computed tomography, has allowed the creation of extremely
precise 3D models of organs and tissues. These models provide an interactive representation that not
only increases understanding of anatomy but also improves knowledge retention for medical
students. The ability to “navigate” organs and systems in a virtual environment has a lasting impact
on the training of future doctors, providing an immersive learning experience that can be difficult to
achieve with traditional methods.

The application of digital twins to simulate medical procedures is another exciting facet of this
axis. These models allow healthcare professionals to practice surgical interventions and medical
procedures in a virtual environment that accurately replicates the human body. This not only reduces
the risk to patients during actual procedures, but also improves the skill and confidence of healthcare
professionals. Furthermore, three-dimensional visualization of organs and pathological structures in
digital twins aids in understanding complex clinical cases and making informed clinical decisions.

Perhaps the biggest change is in the path that health treatments will follow, moving from being
organized by a standard to being based on the genetic, phenotypic, structural, physical and
psychosocial characteristics of the individual, being referred to as precision medicine or even more
broad as personalized care. Essentially, patients would be treated as individuals and not according
to some norm or standard of care (providing the right treatment, at the right time, to the right person).

Axis 2: Use of Digital Twins to Improve Healthcare Processes

The application of digital twins to improve healthcare processes is driving significant advances
in several areas. In oncology, for example, digital twins play a fundamental role in modeling tumors
and simulating treatments. This approach allows physicians and oncologists to adjust treatment
strategies based on the evolution of a patient’s disease, resulting in more personalized and less
invasive interventions. Furthermore, continuous monitoring of tumors in digital twins enables a
more agile response to changes in the clinical picture, providing better results for patients.

In the area of geriatric care, digital twins enable the creation of care plans adapted to the complex
needs of older adults. With the population aging, this personalization becomes crucial to guarantee
the quality of life of the elderly. Digital twins can model a patient’s health conditions, taking into
account comorbidities and risk factors associated with advanced age. This results in more
comprehensive and effective care that improves seniors’ quality of life and reduces unplanned
hospital admissions.
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Similarly, in women’s health, digital twins are used to monitor gynecological conditions such as
endometriosis and fibroids and to manage pregnancy more effectively. The ability to simulate
scenarios and monitor the progress of the pregnancy in a virtual environment offers patients more
personalized and safer care. This also makes it possible to identify complications early, which is
essential to ensure maternal and fetal health.

Axis 3: Use of Digital Twins in reproducing Healthcare Structures and Improving
Operational Efficiency

The use of the digital twin in the healthcare sector has stood out as a powerful tool to improve
the management of healthcare units and, as a consequence, the system in which they are inserted.
This technology allows the creation of a virtual copy of the unit and even the system, providing a
detailed analysis of operations, capabilities, human resources and service models. This makes it
possible to identify areas for improvement, anticipate future challenges and improve organizational
strategies.

Operational efficiency in healthcare is a constant concern, and digital twins play a crucial role in
optimizing healthcare systems. One of the main benefits is the improvement in resource allocation in
hospitals and other healthcare units. Digital twins allow a detailed analysis of the use of beds,
personnel and equipment, enabling more efficient and effective planning. This not only reduces
patient waiting times, but also improves assertiveness in the provision of care, resulting in a more
successful patient journey and a more positive experience for everyone involved in the care process.

Taking a hospital as an example, by using historical and real-time data from operations, as well
as information from the surrounding environment, such as cases of notifiable diseases and traffic
accidents, the digital twin allows the hospital unit manager to make informed decisions, how to
identify a lack of beds, optimize team schedules and manage room occupancy more effectively. This
approach not only increases resource efficiency, but also improves hospital and staff performance
while reducing costs.

By building a Digital Twin of the patient’s journey, the healthcare unit can predict patient
activity and plan operational capacity according to demand, resulting in significant improvement in
services delivered to the patient, in addition to more safety, more volume and a better patient
experience.

Modeling and forecasting demand for healthcare services are also areas where digital twins offer
great potential. By analyzing real-time data and simulating scenarios, healthcare systems can make
more informed decisions about resource distribution and staffing, ensuring care is available where
and when it is needed. These capabilities are critical to improving operational efficiency and ensuring
the healthcare system is prepared for future challenges.

Axis 4: Use of Digital Twins for the Development of Medicines and Health Devices

In relation to drug development, digital twins enable detailed simulation of molecules,
pharmacological interactions and virtual clinical trials. This saves time and resources by accelerating
the identification of promising drug candidates. Furthermore, digital twins enable the development
of personalized medicines, adapted to the individual needs of patients, which is a major advance in
precision medicine. The digital twin has application in the analysis of data related to the use of
medications and their effects. By integrating information from patients, healthcare professionals and
other sources, the digital twin enables a comprehensive and dynamic view of a medicine’s safety
profile.

The increasing use of personal health monitoring devices, such as mobile apps and integrated
sensors, enables active surveillance of the user’s key health parameters, such as electrocardiogram
(ECG), blood pressure, heart rate and glucose level, minimizing potential inaccuracies in data
recording. Such devices have the ability to collect and transmit information anonymously to the
cloud, where it can be compared with disease symptom histories, or even alert competent healthcare
professionals when necessary. Digital twins are proving to be important for the design and testing of
new products. They allow detailed simulations of the functioning of devices such as prosthetics,
monitoring devices and medical equipment. This helps identify design issues and ensure devices are
safe and effective before they are manufactured and deployed. Furthermore, digital twins are useful
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for training healthcare professionals in the use of new devices, improving the safety and quality of
treatments.

Finally, the bibliography presented by the research also exposes some of the main challenges in
the use of digital twins in healthcare and its future, which we highlight:

e Data Integration: Healthcare management involves a vast amount of information and clinical
data. One of the main challenges is the efficient integration of this data into digital twins,
ensuring that all relevant information is available in one place. This can be complicated by the
diversity of health record systems and data standards.

e  Privacy and Security: Maintaining the privacy and security of health data is a critical concern.
Digital twins contain highly sensitive information, and it is essential to ensure that they are
protected from unauthorized access and data breaches.

e Interoperability: Healthcare systems often use different technologies and standards. For digital
twins to be effective, they need to be interoperable, i.e., able to communicate and share
information effectively between different systems.

Primary Health Care (PHC) can be understood as the level of care that represents the entrance
door to the health system. PHC services provide care to the person over time, dealing with the most
common problems of the community through health promotion, prevention, treatment and
rehabilitation. It should be noted that despite the health sector’s rising costs, increased demand for
services and the already established role of Primary Health Care in improving a population’s health
levels, no study was found in the selected literature on the specific use of digital twins in it. The
closest study found was the one that signaled the use of digital twins to monitor the elderly and
chronic diseases, however without mentioning that it was a line of care in Primary Health Care.
Studies carried out on the use of DT in hospital environments have been increasingly frequent, both
in terms of building “smart hospitals” and trying to improve the patient journey at hospital level,
although there are still few in the literature.

As it is the main axis of changes in health systems to improve health levels, it is extremely
necessary that Primary Health Care can receive due attention from the scientific community and the
industrial complex as a promising field for the use of twin’s digital technology in healthcare and in
the operation of its units. As its main attributes include first contact/access, longitudinality of care,
comprehensiveness, and coordination, PHC is, by far, the most promising area in health to leverage
the use of digital twins in the sector. In addition, because PHC works in a territorialized way and
with a recognizable population, it has the possibility of using digital twins to consolidate and infer
scenarios through predictive analyses in relation to the health status of its population.

VI. Conclusions

In this paper, we provide a literature review on the use of digital twins in health, and their
possible trends based on the content analysis of articles on the subject, selected through a specific
search in the IEEE Xplore, Dimensions, Scopus, Web of Science, PubMed and the ACM databases.

The work was able to contribute in some way to broadening discussions about the future of
healthcare, from the perspective of incorporating new technologies, notably Digital Twins. The two
guiding questions: “How are digital twins being used in the health sector?” and “What are the
challenges and perspectives of using digital twins in the health sector?”, were answered to some
extent.

The use of digital twins, especially in healthcare management, presents major challenges related
to data integration, privacy and interoperability. However, trends indicate great potential in
treatment personalization, predictive capacity for unwanted events, remote monitoring, accuracy of
procedures and treatments, and data-driven decision making, which could result in significant
improvements in quality and efficiency for the healthcare sector. As technologies and practices
evolve, digital twins can play an increasingly leading role.

It is important to highlight the complexity of the various clinical, technical, organizational,
ethical and legal issues that, due to their incipience, still make it difficult to fully realize the benefits
associated with the adoption of digital twins in healthcare, which, therefore, can generate a limitation
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in its large-scale implementation. The growing relevance of using digital technologies is aligned with
investment in strategies to promote health and well-being, as well as interventions that help people
self-manage their biopsychosocial condition. In this context, the use of digital twins has great
potential to transform healthcare by establishing a communicative and informative connection
between two worlds, the virtual and the real, making it challenging to manage in the coming years.
As these actions are closely related to the scope and breadth of Primary Health Care, it is crucial that
the application of digital twin technology can be directed as a common effort to leverage this level of
care in favor of increasingly effective health responses.

More in-depth future studies should be carried out to explore the possible consolidation of the
use of digital twins in Health, especially in processes linked to healthcare and Primary Health Care,
or even clarify which initiatives should be implemented or even strengthened to sustain the advances
made so far.
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