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Abstract. Digital Twins, represents an innovative approach consisting of real-time
digital replicas of physical entities. This innovative concept has already many
applications in Industry, automotive, business environment and is also transforming
the healthcare industry. Digital Twins have the potential to provide comprehensive
models of individual patients, hospital facilities, and medical processes, integrating
data from various sources such as electronic health records, wearable devices, and
imaging systems. This paper discusses Digital Twin models and their application in
healthcare, focusing on care coordination, treatment planning and hospital
management development.
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1. Introduction

Digital Twins (DT), are virtual models of objects, spanning their development and
progression lifecycles to help in the decision making. In industrial manufacturing, digital
twins are used throughout the product lifecycle to simulate, predict, and optimize the
product and production system before investing in physical prototypes and assets. A DT
is a complex representation, designed to faith fully mirror the real-world system in real-
time, analyze its behavior, and provide predictive insights using advanced simulation.

The implementation of Digital Twins in healthcare faces challenges such as data
integration, privacy and security concerns, and the need for significant computational
resources [1]. The advancements in Al and machine learning, standardization efforts,
and patient-centered innovations are driving the adoption and effectiveness of DT [2].

Digital twins technology has an important potential to revolutionize healthcare by
providing detailed, dynamic insights that lead to more responsive, efficient, and
personalized care delivery. As technology evolves, digital twins are poised to become
integral to healthcare systems, significantly improving patient care and hospital
management. For realizing the presented scientific paper, the authors selected references
that emphasize this aspect.

This paper highlights main Digital Twin types and concept’s application in health
care, focusing on care coordination and planning and hospital management development
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2. Digital Twin Models Used in Healthcare

In healthcare, Digital Twins can be categorized according to several types, based on their
application and on the specific aspects of healthcare they address. Among the primary
types of digital twins in healthcare, several can be mentioned.

2.1. Patient-Specific Digital Twins

These Digital Twins are associated with patients, incorporating data from medical
records, genomics, imaging and wearables, to provide personalized treatment plans and
continuous monitoring. Digital Twins can be used in correlation with simulation models
to predict and evaluate the progression of diseases, thus helping the identification of
future health issues and plan treatment.

2.2. Patient-Specific Digital Twins

Models of the heart are available and used to study cardiovascular diseases, to plan
surgeries, and simulate the effects of treatment. Representations of the brain and nervous
system are developed for study neurological conditions, planning neurosurgeries, and
optimizing treatments for disorders like epilepsy and Parkinson’s disease. Models of
bones exists, which are suitable for planning the orthopedic surgeries, design custom
implants, and simulate recovery processes.

2.3. Other Digital Twins Types

Other Digital Twin types, that already found applications in healthcare are:
e  Procedure-Specific Digital Twins;
System-Level Digital Twins, Hospital and Facility Twins;
Population Health Digital Twins;
Epidemiological Twins;
Chronic Disease Management Twins;
Training and Education Digital Twins, medical training Twins;
Patient Education Twins: models that help patients understand their conditions
and treatment plans by visualizing their own digital twin;
e Clinical Trials and Drug Development Twins, representing in Silico Trials,
Pharmacokinetic and Pharmacodynamic Twins.

Various Digital Twins were conceived to be applied in healthcare. Generally, these
are related with the body organs (heart, lungs, spine), functions, human body system or
finer components, at the subcellular or cellular level. Digital Twins can be developed for
an illness or disorder, personalized medicine, hospital management as presented in Table
1.

The Digital Twin types and functionality in the healthcare and medical domain is
presented are presented in Figure 1.
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Table 1. Digital Twin types in healthcare.
Physical organ or

. Functionality Result
entity

Heart Execute simulations of blood and oxygen  Ventilation requirements predictions
flow

Heart Heart Simulates the physiologic function  Resynchronization of cardiac
and structure of heart functions

Heart Simulated TAVR implantations with  Planning of surgical phases
different aortic prothesis

Spine Predict  vertebral  fracture  after Optimal radiation plan to minimize
stereotactic body radiotherapy treatment side effects

Alzheimer’s Predicting the individual outcome in DT of controls of clinical trial and

disease neurological diseases ultimately clinical interventions

Breast lesions Image based virtual patients comparing  Determine which imaging tool is
digital mammography to tomosynthesis better at detecting breast lesions
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Figure 1. Digital Twin main types and functionality in healthcare.
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3. Digital Twin Main Applications in Healthcare
The following section addresses main applications of Digital Twins in healthcare.
3.1. Personalized Medicine

Digital Twin technology in personalized medicine represents a cutting-edge approach for
tailoring medical care to individual patients. By creating detailed digital replicas of
patients, digital twins can provide insights that enhance diagnosis, treatment, and
monitoring. As key applications and benefits of digital twins in personalized medicine,
the personalized and accurate diagnosis and treatment planning can be mentioned [2].

By simulating different treatment scenarios on the Digital Twin, healthcare
providers can identify the most effective treatment for a specific patient. This can include
drug selection, dosage optimization, potential side effects prediction and tailored
treatment plans.

Using machine learning algorithms, Digital Twins can analyze historical and real-
time data to predict future health events, so helping in early detection and prevention.
Wearable devices and sensors can provide data about the patient's health and can be used
in Digital Twin models, in order to monitor and evaluate patient's health status.
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3.2. Surgical Planning and Virtual Surgery.

Surgeons can use digital twins to simulate surgical procedures, thus they are allowed to
plan and practice complex surgeries in a risk-free environment. This leads to improved
surgical outcomes and planning, to reduce operation times. Digital twins can model how
a patient will respond to different medications, helping doctors to choose the most
effective drugs and dosages for the individual patient [3].

3.3. Clinical Trials and Enhancing Drug Development.

Digital twins can be used in silico trails, to conduct virtual clinical trials, through testing
the efficacy and safety of new drugs on digital replicas of patients. This can accelerate
the drug development process and reduce costs [4].

By modeling individual responses to medications, digital twins can help in identify
best therapeutic options for each patient, minimizing trial, error in drug prescription [5].

3.4. Device Design

Digital twin technology is revolutionizing healthcare device design by enabling the
creation of precise, dynamic models that simulate the performance, behavior, and
interactions of medical devices within various scenarios. This approach enhances the
design, testing, and optimization of devices, ensuring higher efficiency and safety.

Digital twins enable the creation of device’s virtual prototypes, enabling designers
to test and refine medical devices in a simulated environment before physical prototypes
are built, thus reducing development time and costs. Engineers can use digital twins to
optimize device designs by simulating various configurations and identifying the most
effective and efficient design parameters [6].
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Figure 2. Architecture framework for glaucoma identification.
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Simulating Real-World Conditions: Digital twins can replicate real-world
conditions and patient environments, thus the device performance can be tested under
various scenarios, ensuring reliability and robustness [7].

By modeling the mechanical and operational stresses on devices, digital twins help
in prediction of potential points of failure and improve device durability, following a
stress and failure analysis.

According to the Digital Twin types presented previously various use cases and
applications arises and several of them are presented in the following. A proposed DT
application in glaucoma treatment is presented Figure 2.

4. Conclusions

Digital Twins offer transformative potential in healthcare by providing detailed, dynamic
insights that lead to more responsive, efficient, and personalized care delivery. As
technology advances and becomes more integrated into healthcare systems, digital twins
are expected to significantly improve patient treatment outcomes, optimize medical
device design, and enhance hospital management. Embracing this technology will be
crucial for the future of healthcare innovation and excellence. As future research and
development directions, the authors consider the integration of Al and machine learning
in Digital targeting, to enhance the predictive capabilities and accuracy of digital twins.

References

[1] Croatti A, Gabellini, M, Montagna S. Ricci A. On the Integration of Agents and Digital Twins in
Healthcare. J Med Syst. 2020;44:161, doi:10.1007/s10916-020-01623-5.

[2] Bjoérnsson B, Borrebaeck C, Elander N, Gasslander T, Gawel DR, Gustafsson M, Jornsten R, Lee EJ, Li
X, Lilja S, Martinez-Enguita D, Matussek A, Sandstrom P, Schifer S, Stenmarker M, Sun XF, Sysoev
O, Zhang H, Benson M; Swedish Digital Twin Consortium. Digital twins to personalize medicine.
Genome Med. 2019 Dec 31;12(1):4, doi:10.1186/s13073-019-0701-3.

[3] Venkatesh KP, Raza MM, Kvedar JC. Health digital twins as tools for precision medicine: Considerations
for computation, implementation, and regulation. NPJ Digit Med. 2022;5:150, doi:10.1038/s41746-022-
00694-7.

[4] Sun T, He X, Li Z. Digital twin in healthcare: Recent updates and challenges. Digit Health. 2023 Jan
3;9:20552076221149651, doi:10.1177/20552076221149651.

[5] Kamel Boulos MN, Zhang P. Digital Twins: From Personalised Medicine to Precision Public Health. J
Pers Med. 2021 Jul 29;11(8):745, doi:10.3390/jpm11080745.

[6] Iliuta ME, Moisescu MA, Pop E, Ionita, AD, Caramihai SI, Mitulescu TC. Digital Twin—A Review of
the Evolution from Concept to Technology and Its Analytical Perspectives on Applications in Various
Fields. Applied Sciences 2024;14(13):5454, doi:10.3390/app14135454.

[71 Bruynseels K, Santoni de Sio F, van den Hoven J. Digital Twins in Health Care: Ethical Implications of
an Emerging Engineering Paradigm. Front Genet. 2018;9:31, doi:10.3389/fgene.2018.0003 1.



