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ABSTRACT  With the rapid advancement of technologies such as artificial intelligence (Al), cloud computing, and 5G,
the application of digital twin within the smart healthcare domain has been burgeoning and increasingly widespread. This
growth has led ‘to”the,emergence and development of the medical digital twin. In this domain, patients are at the core of
medical digital twinl research, yet studying them also presents significant challenges. Therefore, this paper first conducts a
detailed investigation of national policy orientations, academic research trends, and international organizational related to
medical digital twin. In recent years, numerous governments have been placing great emphasis on medical digital twin,
including legislation on remote healthcare services in America, mobile healthcare in England, Al hospitals in Japan, and
technology enabled smart healthcare in China. Secondly, this paper proposes a patient - centric comprehensive technical
framework for medical digital twin, with a detailed analysis of three key technologies: digital support technology, digital twin
construction technology, and human-computer interaction technology. The Internet of Things (IoT) and 5G constitute the
digital support technology, which underpins the connection between the physical space and the cyberspace. Devices such as

sensors and smart terminals in the IoT enable the functions of information collection and state perception in the physical
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world. The 5G transmission technology ensures the rapid and accurate transmission of the collected data. Al, big data, and
cloud computing technologies together form the core of the digital twin construction technology. Cloud computing provides
computing power and storage support for big data operations, and the massive data collected by IoT terminal sensors is stored
in cloud platforms. Al algorithms such as machine learning and deep learning further enhance the data - processing
capabilities and system optimization levels of the digital twin. In addition, as key components of human - computer
interaction technology, VR and AR technologies play significant roles in the application level of digital twins. Thirdly, this
paper research the five primary applications of medical digital twin. For instance, in sports medicine, digital twin technology
is being used to optimize the performance of elite athletes. In disease prediction, recent research has shown that by
integrating environmental data with medical data in digital twin models, the prediction accuracy of cancer and infectious
disease can be significantly improved. Finally, this paper discusses the challenges in applying digital twin technology in
smart healthcare domain, Including data heterogeneity, empiricism, security and privacy, ethics and morality, and digital
divide. For example, questions about who is responsible when an Al - based digital twin systery/makes_a wrong diagnosis
need to be addressed. To tackle data heterogeneity, ontology technology are being developed-to“enable seamless data
integration. To counter the over - reliance on data - driven decision - making, hybrid models, that combine Al with clinical
guidelines and expert knowledge are being explored. For security and privacy, Technologi€s such as blockchain and
federated learning are being proposed to protect patient data, ensuring that only authorized\parties can access and process it.
In summary, this paper contributes to the theoretical foundation and practical implementation of digital twin technology in
smart healthcare, propelling the development of a more efficient, accessiblegand personalized medical service ecosystem.

KEY WORDS Digital Twin; Smart Healthcare; Medical Digital Twiny Disease Prediction; Personalized Healthcare
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Table 1 Policies on Digital Twin Empowering Smart Healthcare in China

Time Organization Policies Relevant Content
Promote the universal access to digital public services, vigorously
the State Council of the "Overall Layout Plan for implement the national strategy for digitalization of education,
2023.02 People's Republic of China Buildine a Dyl ital China" improve the national smart education platform, develop digital
copie’s Kepublic 0 uiding & health, and regulate the development of online consultations and
internet hospitals.
"Implementation Plan for Carry out pilot projects on digitization in key areas such as
2022.12 National Development and Expanding Domestic Demand intelligent transportation, smart logistics, smart energy, smart
’ Reform Commission during the 14th Five-Year Plan healthcare, and smart healthcare and elderly care, and vigorously
Period" develop the third-party big data service industry.
"Notice on Printing and
the State Council of the Distributing the '14th Five- Promote the construction of smart traditional Chinese medicine
2022.03 People's Republic of China Year Plan for the Development hospitals featuring smart healthcare], sthart services, and smart
p P of Traditional Chinese management as @ trinity,
Medicine"
. " . Actively develop smart healthcare, eneourage medical institutions
2021.12 Na;‘:}glﬁ?’:}f& rir;z?;nand 14tl};ulzl‘;zgeiiricfz:? for to enhance informatizatien ard‘intelligenice levels, and support the
development and application of-health medical big data resources.
National Health Commission The country will build\smatt hospitals featuring smart healthcare,
of the People's Republic of "Action Plan for Promoting smart services, ad smar( magagement as a trinity. By 2025, a
2021.09 China. National High-Quality Development of number of smart hospitals that play a leading and demonstrative

Administration of Traditional
Chinese Medicine

Public Hospitals (2021-2025)"

role will be established,"an integrated online and offline medical
service modelwill be.formed, and the regional balance of medical
serviges will be further enhanced.
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Fig.1 Statistical results of the number of publication of digital twins in healthcare
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Table 2 Statistics on the number of publications on digital twin and medical digital twin

Year IEEE Elsevier Springer

DT HDT Percentage DT HDT Percentage DT HDT Percentage
2020 634 14 2.21% 902 116 12.86% 2277 316 13.88%
2021 1209 37 3.06% 1587 222 13.99% 2932 407 13.88%
2022 2292 59 2.57% 2672 349 13.06% 3811 560 14.69%
2023 3146 162 5.51% 3671 574 15.64% 4753 819 17.23%
2024 5040 328 6.51% 5889 1082 18.37% 5605 1157 20.64%
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Table3 International Medical Digital Twin Organizations
Category Org;]l;l;&;tlon Alliance Members Research Conteft Research Objectives
Achieving personalized therapeutic
Swedish Digital Swedish medical, industrial, and Framework based on single- biomarkers, new drug candidates, and
Personalize Twin Center scientific research communities cell RNA séquencing time-dependent personalized drug
d Medicine combination prescriptions.
Empa Research Swedish and international Digital'twin'system.for Optimizing drug dosages for chronic pain
pCenter medical and industrial opioids andtrapsdgrmal drug patients and improving treatment
communities delivery outcomes.
R Digital twin predictions for Preventing the progression of infectious
DIGIPREDICT l?‘:;;agi]ﬁ:nmiit?\llel?]:lrtlitrigrsls ¢ardiovascular diseases, diseases and cardiovascular diseases
Disease an dyl;el cum ? infeetious diseases, and through early intervention and improving
Prediction & COVID-19 patient survival rates.
Prevﬁl tion Human Digital lg::i:“{;flty Mlcro%le(':tron}cs IQentlﬁcatlon O.f gut Optimizing diet and lifestyle, preventing
. 3 geningen University microbiota, nutrition, . s
Twin One Planet R h. Radboud Uni . Bohavi d lifestyl diseases, and enhancing human health
Rescarch Center & Research, Radboud University chavior, and li estyle- levels
and Radboudumc related diseases '
Seven top-level universities, Developing new medical L . . .
MEDITWIN research centers, hospitals and practice in neurology, Providing personahz‘ed virtual twins for
. . organs, metabolism, and cancer
Clinical _ three SMEs in Europe cardiology, and oncology
Diagnosis 1\213[ Il\f:il;;l Medical ibstfutions from the Converting 2D medical Provide education to enhance the medical
Int eglli ence United States\and Taiwan. China images into 3D virtual knowledge level of patients and doctors,
Digi talgTwin ? images and assist in clinical decision-making.
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