


Blockchain and 
Digital Twins for 
Smart Hospital 
Infrastructures

Ben Othman Soufiane
King Faisal University, Saudi Arabia



Published in the United States of America by
IGI Global Scientific Publishing
701 East Chocolate Avenue
Hershey, PA, 17033, USA
Tel: 717-533-8845  |  Fax: 717-533-7115
Website: https://www.igi-global.com E-mail: cust@igi-global.com

Copyright © 2026 by IGI Global Scientific Publishing. All rights reserved. No part of this publication may be reproduced, 
stored or distributed in any form or by any means, electronic or mechanical, including photocopying, without written permission 
from the publisher. Use of this publication to train generative artificial intelligence (AI) technologies is expressly prohibited. 
The publisher reserves all rights to license its use for generative AI training and machine learning model development.

Product or company names used in this set are for identification purposes only. Inclusion of the names of the products or compa-
nies does not indicate a claim of ownership by IGI Global Scientific Publishing of the trademark or registered trademark.

Library of Congress Cataloging-in-Publication Data

 
LCCN:  2026002155  (CIP Data Pending) 
ISBN13:  9798337381770 
Isbn13Softcover:  9798337381787 
EISBN13:  9798337381794 

British Cataloguing in Publication Data
A Cataloguing in Publication record for this book is available from the British Library.

All work contributed to this book is new, previously-unpublished material.
The views expressed in this book are those of the authors, but not necessarily of the publisher.
This book contains information sourced from authentic and highly regarded references, with reasonable efforts 
made to ensure the reliability of the data and information presented. The authors, editors, and publisher believe 
the information in this book to be accurate and true as of the date of publication. Every effort has been made 
to trace and credit the copyright holders of all materials included. However, the authors, editors, and publish-
er cannot assume responsibility for the validity of all materials or the consequences of their use. Should any 
copyright material be found unacknowledged, please inform the publisher so that corrections may be made in 
future reprints.

Vice President of Editorial	  Melissa Wagner
Director of Acquisitions	  Mikaela Felty
Director of Book Development	  Jocelynn Hessler
Production Manager	  Mike Brehm
Cover Design	  Jose Rosado



Copyright © 2026, IGI Global Scientific Publishing. Copying or distributing in print or electronic forms without written permission of IGI Global Scientific Publishing is prohibited. Use of this chapter to 
train generative artificial intelligence (AI) technologies is expressly prohibited. The publisher reserves all rights to license its use for generative AI training and machine learning model development.

173

Chapter 6
Digital Twin and 

Blockchain Integration 
for Smart Hospital 

Infrastructures Towards 
Personalized and 

Predictive Medicine
Ashok P.

 http://​orcid​.org/​0000​-​​0002​-​​5859​-​​6041
Symbiosis Institute of Digital and 

Telecom Management, India

Lakshmi Sridevi S.
Chennai Institute of Technology, India

Sarala Patchala
KKR & KSR Institute of Technology 

and Sciences, India

Vijaya Babu Burra
Koneru Lakshmaiah Education 

Foundation, India

Janaki N.
Vels Institute of Science, Technology, 

and Advanced Studies (VISTAS), India

Subham Layek
Symbiosis Institute of Digital and 

Telecom Management, India

ABSTRACT

Digital Twin (DT) technology advances healthcare by employing real-​time, data-​
driven virtual models of physical systems for individualized care, predictive diag-
nostics, and system management. DTs enhance patient outcomes, hospital efficiency, 
and drug research speed through applications in remote monitoring, pre-​operative 
planning, and treatment simulation. Despite these benefits, widespread adoption is 
hindered by cybersecurity threats, data privacy risks, integration difficulties, high 
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deployment costs, and opaque AI decision-​making. Additionally, the absence of 
standardized regulations remains a critical barrier. Future progress depends on 
developing cost-​effective AI solutions, utilizing blockchain for data security, and 
establishing clear regulatory frameworks. By resolving these technical and opera-
tional hurdles, DTs can transform healthcare into a predictive, personalized system.

1. INTRODUCTION

The concept of smart hospitals is a significant development in the healthcare 
infrastructure of today. They interconnect the physical assets, patients and medical 
personnel using advanced digital networks. The main goal of the entire system is 
to improve operational efficiency and increase patient safety. This transformation 
is aided with the help of two main technologies, the Digital Twins (DT) and Block-
chain. A Digital Twin is a virtual replica for the hospital systems. Blockchain tech-
nology is used to provide integrity and security to the data in which these replicas 
are based. Collectively they help hospitals anticipate and mitigate the possibility of 
such potential complications before they develop. This chapter discusses how these 
technologies can be integrated to help the advancement of personalized medicine, as 
well as develop intelligent infrastructure. The evolution of healthcare technologies 
of a past was until recently rather meagre when compared to the unleashed Digital 
Twin revolution that gained greater traction in the aftermath of the global covid-​
19 pandemic. The pandemic highlighted the need for a critical demand for remote 
healthcare interventions and predictive diagnostics and data-​driven decision making 
for sustainable and effective health services. In response to this, governmental or-
ganizations, medical institutions and technology companies have accelerated their 
digitalization efforts aimed at improving the efficiency and productivity of resources in 
the healthcare sector. Digital Twin technology is particularly exceptional in promising 
it will be transformative with massive impacts on personalised medicine, medical 
research and healthcare management. As one of the latest technological advances, 
the development of Digital Twins has a lot of potential to revolutionise research in 
the pharmaceutical industry, improve the delivery of patient care and optimise how 
processes are managed. Digital Twins as digital replicas are physical entities simulated 
by highly realistic virtual models that go well beyond consumer-​grade simulations 
in terms of their complexity and their precision. With this technology, a physical 
entity is always replicated digitally, automatically updated by sensors and machine 
learning and AI parts. Historical view, future forecast and real-​time monitoring are 
provided by the technology. And, while Digital Twins of machinery have already 
been adopted for engineering purposes, digital replicas are now being adopted by 
medical organizations. Medical practitioners can access an extremely accurate digital 
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representation of their patients to spot health issues sooner and predict subsequent 
developments to determine the best course of treatment. The technology taps into 
data and scientific models as its predictive mechanism to deliver healthcare-​related 
predictions. The diagnosis system notifies doctors about upcoming bodily disturbances 
allowing them to start treatments ahead of patient awareness. Digital Twins (DTs) 
enable cardiology practitioners to simulate blood vessel problems which guides their 
decision-​making process regarding bypass surgery procedures. Medical personnel 
use digital twins to prerecord cataract procedures and predict postoperative patient 
outcomes in eye care. Serious health effects occur because of medical equipment 
errors along with incorrect diagnoses and test results misreads. Digital twin systems 
decrease diagnostic errors and treatment accuracy. When muscle injuries get diagnosed 
early in treatment the patient can avoid prolonged paralysis and permanent limb loss. 
Cancer treatment benefits from disease progression simulation. Digital twins help 
cancer treatment providers provide personalized prescription medicines by allow-
ing them to model how diseases progress within individual patients. The statement 
“There is no disease there is a patient” emphasizes personalized care which stands 
as an essential factor of digital twin applications in medical care. The latest Digital 
Twin technology develops personalized medical plans by uniting simulation-​based 
analytics with both personal medical data and group epidemiological information. 
The investigation explores existing healthcare practices of Digital Twin technology 
combined with predicted healthcare applications focusing on digital patients and 
AI-​derived pharmaceutical developments alongside optimized hospitals and medical 
wearables as in Fig. 1. Smart hospitals generate massive amounts of sensitive data. 
Digital Twins rely on this data to be accurate. However, centralized databases face 
security risks. Blockchain technology is providing a viable solution. It creates a 
system of decentralized ledgers. This ledger carefully includes each data transaction. 
It ensures that patient records are tamper-​proof. Blockchain breeds trust between 
patients, doctors, and healthcare organizations. It secures the data flow from the 
IoT data sensors to the Digital Twin model.
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Figure 1. Digital Twin Architecture Framework in Healthcare Systems

2. LITERATURE REVIEW

Digital twin technology—virtual representations of physical entities updated 
with real-​time data—has rapidly emerged as a transformative force in healthcare, 
promising to revolutionize personalized and predictive medicine. By integrating data 
from diverse sources such as wearables, imaging, genomics, and electronic health 
records, digital twins enable individualized disease modelling, real-​time monitoring, 
and simulation of treatment outcomes, thus supporting precision diagnostics and 
tailored therapeutics (Fischer et al. 2024; Sel et al. 2024; Katsoulakis et al. 2024; 
Meijer et al. 2023; Armeni et al. 2022; Adibi et al. 2024; Iliuţă et al. 2024; Delerm 
& Pilottin, 2024; Banoub et al. 2024). Recent advances in artificial intelligence (AI), 
machine learning, and the Internet of Medical Things (IoMT) have further accelerated 
the development and application of digital twins across a range of medical domains, 
including cardiology, oncology, musculoskeletal care, neurology, and hospital opera-
tions (Sel et al. 2024; D'Orsi et al. 2024; Katsoulakis et al. 2024; Ștefănigă et al. 2024; 
Jalil et al. 2024; Weerarathna et al. 2024; El-​Warrak & de Farias, 2024; Narigina et 
al. 2024; Johnson et al. 2024). Despite their promise, digital twins face significant 
challenges related to data integration, privacy, regulatory frameworks, and clinical 
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validation (Fischer et al. 2024; Meijer et al. 2023; Armeni et al. 2022; Kuriakose 
et al. 2024; El-​Warrak & de Farias, 2024). This review provides a comprehensive 
overview of the current state, applications, challenges, and future directions of dig-
ital twin technology in personalized and predictive medicine. Eight unique search 
groups were used, focusing on foundational concepts, recent advances, alternative 
terminology, challenges, interdisciplinary expansion, and adjacent technologies. 
Digital twins originated in engineering and manufacturing but have been adapted 
to healthcare as virtual patient models that integrate real-​time and historical data to 
simulate physiological processes and predict outcomes (Fischer et al. 2024; Sel et 
al. 2024; Katsoulakis et al. 2024; Meijer et al. 2023; Balasubramanyam et al. 2024; 
Delerm & Pilottin 2024). The core components include data acquisition (from sen-
sors, wearables, and medical devices), computational modelling, and bidirectional 
data flow between the physical and digital entities (Sel et al. 2024; Katsoulakis et al. 
2024; Delerm & Pilottin, 2024). Digital twins are being applied in various medical 
domains (as in Table 1):

• 	 Cardiology: Patient-​specific heart models for diagnosis, risk prediction, and 
treatment optimization (Sel et al. 2024; S et al. 2024).

• 	 Oncology: Simulation of tumour progression and response to immunother-
apy, including CAR-​T cell therapy (D'Orsi et al. 2024; Aghamiri & Amin 
2025; Ștefănigă et al. 2024).

• 	 Musculoskeletal and Orthopaedic Care: Personalized surgical planning, re-
habilitation, and outcome prediction (Diniz et al. 2025; Weerarathna et al. 
2024).

• 	 Neurology and Chronic Disease: Management of migraines, diabetes, and 
other chronic conditions through continuous monitoring and predictive ana-
lytics (Nadeem et al. 2025; Meijer et al. 2023; Subashini et al. 2024).

• 	 Hospital Operations: Optimization of workflows, resource allocation, and pa-
tient flow (Johnson et al. 2024).

In the current health informatics environment, the convergence of artificial 
intelligence and machine learning, the Internet of Medical Things (IoMT), and the 
cloud-​enabled information infrastructure has become a linchpin in the spectrum 
of digital twin technologies, which enables data processing at real-​time with pre-
dictive analytics and monitoring of patients remotely using that data (Adibi et al. 
2024; Jalil et al. 2024; Gazerani 2023). Cloud-​based digital twins make possible the 
development of horizontal and comprehensive data-​driven healthcare ecosystems 
(Gazerani 2023).
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Table 1. Applications of Digital Twins Across Medical Domains

Medical Domain Primary Applications Key Benefits    Current 
Status

Cardiology Heart modelling, risk prediction, 
surgical planning

Reduced surgical risks, 
personalized treatment Clinical pilots

Oncology Tumour simulation, treatment 
response prediction

Optimized therapy selection, 
reduced side effects Research phase

Musculoskeletal Surgical planning, rehabilitation 
monitoring

Improved surgical outcomes, 
faster recovery Early adoption

Neurology Disease progression modeling, 
symptom tracking

Better chronic disease 
management

Proof of 
concept

Hospital 
Operations

Workflow optimization, resource 
allocation

Increased efficiency, reduced 
costs Implementation

The Key challenges include:

• 	 Data Integration and Interoperability: Harmonizing heterogeneous data 
sources remains complex (Fischer et al. 2024; Meijer et al. 2023; Armeni et 
al. 2022; Kuriakose et al. 2024; El-​Warrak & de Farias, 2024).

• 	 Privacy and Security: Handling sensitive patient data raises ethical and legal 
concerns [20].

• 	 Regulatory and Clinical Validation: Lack of standardized frameworks and 
robust clinical evidence limits widespread adoption (Fischer et al. 2024; 
Armeni et al. 2022; Kuriakose et al. 2024; El-​Warrak & de Farias, 2024) as 
in Fig. 2.

• 	 Scalability and Cost: High computational demands and costs hinder large-​
scale implementation (Fischer et al. 2024; Meijer et al. 2023; Armeni et al. 
2022; Gazerani 2023).

The literature demonstrates that digital twin technology is at the forefront of a 
paradigm shift toward personalized and predictive medicine, offering unprecedented 
opportunities for individualized care, real-​time monitoring, and simulation-​based 
decision support (Fischer et al. 2024; Sel et al. 2024; Katsoulakis et al. 2024; Meijer 
et al. 2023; Armeni et al. 2022; Adibi et al. 2024; Iliuţă et al. 2024; Delerm & Pilottin 
2024; Banoub et al. 2024). High-​quality reviews and scoping studies highlight the 
transformative potential of digital twins, particularly when integrated with AI and 
IoMT, in domains such as cardiology, oncology, and chronic disease management 
(Sel et al. 2024; D'Orsi et al. 2024; Katsoulakis et al. 2024; Ștefănigă et al. 2024; 
Jalil et al. 2024; Weerarathna et al. 2024; El-​Warrak & de Farias, 2024). However, 
the field is still in its early stages, with most applications limited to pilot studies, 
simulations, or specific clinical scenarios (Katsoulakis et al. 2024; Armeni et al. 
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2022; Adibi et al. 2024; Weerarathna et al. 2024; El-​Warrak & de Farias,  2024). 
The main barriers to adoption include data interoperability, privacy, regulatory un-
certainty, and the need for robust clinical validation (Fischer et al. 2024; Meijer et 
al. 2023; Armeni et al. 2022; Kuriakose et al. 2024; El-​Warrak & de Farias, 2024).

Figure 2. Implementation Challenges and Solution Framework

In sum, a feat of technological innovation in high-​powered personalized and 
predictive medicine will include the advent of digital twin technology; however, 
thorough exploitation of its capabilities will require overcoming significant obstacles 
of a technical, regulatory, and ethical nature through combined and interdisciplinary 
investigation. According to Google Health, IBM, WHO and McKinsey together 
provide insights about market trends with adoption information and financial 
implications while showing regulatory effects in their reports. Industry adoption 
rates are tracked through bar charts and heatmaps whereas statistical and thematic 
approaches reveal data trends in the analysis. The elimination of bias requires diverse 
geographical studies but data dependability needs ethical attention through cross-​
checking and proper referencing to stop plagiarism. The analysis faces three main 
obstacles which consist of industry-​funded publications presenting bias concerns as 
well as privacy regulations restricting patient data availability and the inability to 
access private healthcare information. The research analyses the limitations of digital 
twins implementation to establish essential medical applications and recommends 
research and legislative changes for future work.

2.1. Review Methodology

This chapter provides an in-​depth analysis of the literature related to Digital 
Twins with Blockchain in the context of Healthcare. To this end, we used established 
databases such as PubMed, IEEE Xplore, and Scopus which was a systematic search 
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of scholarship published in 2019 to 2024. Our keyword set included “Digital Twin,” 
“Smart Hospital,” “Blockchain Healthcare” and “Predictive Medicine.” Emphasis 
was placed on peer-​reviewed investigations and current reports in the industry. The 
inclusion protocol considered giving preference to papers providing an explanation 
of architectural frameworks and security considerations as well as their clinical 
applications, with a systematic exclusion of non English publications as well as 
abstracts for which full text availability could not be reached. Despite the list of 
technical possibilities associated with Digital Twins its deployment is often slowed 
down in practice by legal elements. The process of assimilating heterogeneous data 
sources necessarily requires compliance is stringent with data protection statutes. As 
a result of this, a comprehensive checkup of the regulatory environment becomes 
invaluable. The following section will therefore examine the underlying statutory 
and normative systems which guide these emerging technologies.

3. REGULATIONS FOR DIGITAL TWIN 
TECHNOLOGY IN HEALTHCARE

3.1. Regulations in India

India's National Digital Health Mission (NDHM) creates a safety system and 
standardized interface for healthcare data through digital means (Delerm & Pilottin, 
2024). The Ayushman Bharat Digital Mission (ABDM) helps create secure digital 
health data exchange systems which support standard digital technology applications. 
The PDP bill is valuable because it regulates the storage and usage of patients' data 
and offers parameters on consent management, data storage, and also enforcement in 
case the privacy rules are violated. The Under CDSCO, the Medical Device Rules, 
2017 provides regulations to oversee the functioning of AI-​based digital health 
technologies and also DT applications.

3.2. Regulations in the United States

One step closer to resolving this important issue and making way for more effective 
provision of care is also that, To the maximum extent allowed by federal regulations, 
Active treatment of the consistency of data being recorded involves HIPAA privacy 
rule for the electronic health information. AI-​powered medical devices undergo a 
process of FDA approval, this category includes also digital twins that help with 
diagnosing evaluation, and treatment planning. The 21st Century Cures Act is also 
advancing the efforts that are being put forth in the making of AI technology for the 
healthcare field alongside using real world evidence as the way for regulation and 
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making decisions on how to use these innovations. It must comply with the Office 
of Management and Budget/National Institute of Standards and Technology-​defined 
high security requirements for electronic health records.

3.3. Regulations in the European Union

DT installations are greatly influenced by rules on how to protect data in accor-
dance with the General Data Protection Regulation (GDPR) of the European Union. 
GDPR mandates that DT model operators ensure they purge personally-​identifiable 
information from datasets and ensure that they obtain direct consent from patients. 
Before a clinical use of DT applications, a lengthy precedent is before them, on 
the road to acquiring all MDR-​level regulatory approval held set aside for the DT's 
AI-​integrated healthcare solution. The artificial intelligence act introduced by the 
European Commission, consisting of risk-​based classifications of all digital twin AI 
applications, have to comply with the basic safety rules and ethics of their usage.

3.4. Regulations in China

Under rules regarding cross-​border flow data and digital health technologies, 
China's Cybersecurity Law and PIPL impose stringent restrictions that ensure that 
DT models meet the requirements of data localization. AI healthcare technologies 
are regulated by the NMPA, which defines very strict specifications as to the clinical 
validation required for the DT application. The 2022 Guidelines for AI-​Based Med-
ical Devices lay down the rules of transparency, explainability, and safety standards 
that will oversee the integration of the DT in a hospital.

3.5. Regulations in Japan

APPI and PMDA set regulations for AI and DT models regarding their work in 
healthcare.

3.6. Regulations in Australia

The Privacy Act 1988 serves as a governing agent of the ADHA, making it the 
data privacy supervisor of AI-​powered medical devices.

3.7. Regulations in UK

The UK regulations for DT models remain a reference for GDPR, MHRA, and 
NHS AI Lab for its ethical AI standards. Table 2 contrasts national regulations, 
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practices, and strategies for the use of digital twin technologies in healthcare. It 
outlines the main legislative frameworks, data security guidelines, and compliance 
standards that control the use of DT technology worldwide.

3.8. Blockchain as a Regulatory Enabler

Achieving compliance with the General Data Protection Regulation (GDPR) and 
the Health Insurance Portability and Accountability Act (HIPAA) are fair amounts 
to challenge to Authors among Digital Twin systems, with the two pieces of regu-
lations imposing severe personal privacy requirements for the managing sensitive 
personal data. In practice, the necessity of constant protection of data integrity, con-
fidentiality and availability makes it hard to implement advanced digital modelling 
technologies in healthcare environments. Blockchain technology is a potentially 
exciting pathway for hospitals to meet these regulatory requirements. By using the 
capacity of distributed ledgers to have their own traits, healthcare institutions can 
establish difficult mechanisms that can make sure that compliance is assured without 
sacrificing operational well being. With the decentralized nature of blockchain, all 
relevant information is stored across multiple nodes critiquing any single points of 
failure and strengthening the system against tampering by adversaries. One of the 
most salient advantages of the integration of blockchain is the process of providing 
an immutable audit trail. And each access event to patient data is written to as a 
cryptographic transaction, providing an immutable log with an unambiguous identifi-
cation of actor, action performed, and exact time stamp. This granular provenance is 
invaluable in audit purposes as it allows both regulators and internal auditors control 
the data handling processes to ensure they comply with set privacy policies and 
legal obligations. The transparency characteristic in this approach makes it easy to 
implement rigorous oversight and enhance accountability over the entire healthcare 
ecosystem. Beyond auditability, smart contracts programmed on the blockchain can 
be used to autonomously enforce directives of patient consent. By storing consent 
preferences in programmable contracts, the system can instantly standardize and 
respect one's privacy preferences, thus removing the burden of manual administrative 
work. This automated enforcement not only makes the process of managing permis-
sions much faster but also makes consent verification more reliable, to guarantee 
that patient autonomy is upheld in accordance and compliance to both the GDPR 
and HIPAA mandates.
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Table 2. Comparison of Regulatory frameworks, data protection standards across 
countries

Country/Region Regulatory 
Frameworks

Data Protection 
Standards

Approval Process 
for AI/DT in 
Healthcare

Key Challenges

India

National Digital 
Health Mission 

(NDHM), Personal 
Data Protection Bill 

(PDPB), Medical 
Device Rules, 2017

Data localization 
under PDPB, 

compliance with IT 
Act, 2000

CDSCO regulates 
AI-​driven medical 

devices and 
DT healthcare 
applications

Interoperability 
issues, lack of 
standardized 
DT adoption 
guidelines

United States

Health Insurance 
Portability and 
Accountability 

Act (HIPAA), 21st 
Century Cures 
Act, FDA AI/

ML Regulatory 
Framework

Strict patient 
data privacy 

under HIPAA, 
National Institute 
of Standards and 

Technology (NIST) 
cybersecurity 

standards

FDA approval 
required for 

DT-​integrated 
AI healthcare 
applications

Complex 
approval process, 

evolving AI 
regulation for 

healthcare

European 
Union

General Data 
Protection Regulation 

(GDPR), Medical 
Device Regulation 
(MDR), EU AI Act

Strongest 
data privacy 

regulations with 
explicit consent 

requirements under 
GDPR

MDR compliance 
required for DT 
applications, AI 

classified based on 
risk level

Stricter 
regulations 

for AI-​driven 
healthcare, high 
compliance costs

China

Cybersecurity Law, 
Personal Information 

Protection Law 
(PIPL), AI-​Based 
Medical Devices 

Guidelines

Mandatory data 
localization and 
stringent patient 

data privacy rules

National Medical 
Products 

Administration 
(NMPA) approval 

for AI-​based 
medical devices, 

transparency in DT 
algorithms required

Cross-​border 
data restrictions, 

complex 
bureaucratic 

process

Japan

Act on Protection 
of Personal 

Information (APPI), 
Pharmaceuticals and 
Medical Devices Act 

(PMDA)

APPI aligns with 
global privacy 

standards, ensuring 
patient data security

PMDA evaluates AI/
DT applications in 

medical devices

Limited 
regulatory clarity 
on AI-​powered 
Digital Twins

Australia

Privacy Act 1988, 
Australian Digital 

Health Agency 
(ADHA) AI 
guidelines

ADHA enforces 
strict patient data 
security protocols

Therapeutic Goods 
Administration 
(TGA) oversees 
AI-​driven DT 
applications

Need for 
enhanced DT 
governance 
framework

continued on following page
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Country/Region Regulatory 
Frameworks

Data Protection 
Standards

Approval Process 
for AI/DT in 
Healthcare

Key Challenges

United 
Kingdom

UK GDPR, 
Medicines and 

Healthcare Products 
Regulatory Agency 
(MHRA), NHS AI 

Lab framework

UK GDPR similar 
to EU GDPR, 
ensuring strict 

patient data 
protection

MHRA requires dts 
in healthcare to meet 

risk classification 
standards

Challenges 
in adapting 

AI-​driven dts 
to existing 
regulatory 

models

Global 
Standards

WHO Digital Health 
Guidelines, IEEE 
P2802 Standard 

for Digital Twins, 
International Medical 

Device Regulators 
Forum (IMDRF)

ISO/IEC 27701 
for privacy 

management, 
interoperability 

standards in 
progress

IMDRF working 
on AI risk 

classification, 
standardization 

of DT healthcare 
applications

Need for 
harmonized 
global DT 
regulatory 
standards

National regulations provide a local framework, but smart hospitals operate in 
a global environment. Interoperability requires international cooperation. We next 
explore the global standards and organizations shaping this technology.

4. INTERNATIONAL ORGANIZATIONS AND STANDARDS

Digital health innovations are primarily shaped by international organizations 
that operate beyond the normal frameworks of nation-​state regulation (Kuriakose 
et al. 2024; El-​Warrak et al. 2024). WHO and IMDRF are responsible for formu-
lating guidelines that will regulate the functioning of Digital Twin technology in 
healthcare settings. International compliance with data protection can be achieved 
through standardized privacy information management frameworks like ISO/IEC 
27701. The IEEE P2802 Standard lays out guideline steps in developing DT models 
across multiple sectors, including healthcare. The Global Digital Health Partnership 
strives for global cooperation in establishing standard regulatory procedures that 
allow for easier integration of DT technology into healthcare platforms worldwide. 
The emergence of Digital-​Twin (DT) technology in the healthcare industry is cur-
rently facing several challenges in its widespread application despite the growing 
awareness of safety issues and their integration into the digital health infrastructure. 
On a global scale, integration is still affected by a lack of strong standardisation as 
well as challenges related to providing interconnectivity and since then, ensuring full 
regulatory compliance in data exchanges across borders. Significant standardisation 
work still remains to be done, not least in the wake of the unfolding of digital twin 
technology, but in bringing clarity and adoption in the context of different national 

Table 2. Continued
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jurisdictions. In addition, it requires identifying regulating mechanisms that can 
provide sufficient support for medical innovation in the field of digital healthcare, 
which can result in the practice of clinical ethics and ensure protection of data. The 
implementation of digital twin technology will not limit technological innovation 
as it will solve its current challenges while improving patient care and data security 
and ethical guidelines (Fischer et al. 2024; Armeni et al. 2022). The Applications 
of Digital Twins in Healthcare Domain (Sel et al. 2024; S et al. 2024):

• 	 The use of digital twins results in precise medicine when the system cre-
ates specific treatment strategies by analysing patient data including genet-
ic information along with medical records. Cancer treatment effectiveness 
predictions based on algorithms helped Siemens Healthiness develop more 
effective medical results for patients.

• 	 Digital Twins deploy wearable technology for ongoing disease monitoring 
which allows prompt medical actions toward patients with cardiovascular 
disease and diabetes (Adibi et al. 2024; Johnson et al. 2024). Hospital read-
mission rates decreased significantly because Philips developed outstanding 
AI-​based Digital Twin systems which monitor heart diseases.

• 	 The use of digital twins accelerates clinical trial processes through human 
body simulation which helps to forecast medication outcomes (D'Orsi et al. 
2024; Aghamiri & Amin, 2025; Ștefănigă et al. 2024). The implementation of 
this strategy allowed AstraZeneca to reduce the costs of R&D during devel-
opment by 15%. Regarding the COVID-​19 vaccine. The use of AI-​enhanced 
digital twins helps hospitals forecast their need for ICU beds alongside re-
quired staff that results in improved operational performance. The Cleveland 
Clinic enhanced their workflow performance through this technology which 
shortened patient wait times by 20 percent. The Mayo Clinic employs digital 
twins to let surgeons perform virtual practice on complex procedures which 
enhances their operational success by 25%.

5. FEATURES OF DIGITAL TWIN TECHNOLOGY

The five dimensions of DT construction form the physical entity along with 
the virtual model while they include connections between them together with DT 
data and service applications (Iliuţă et al. 2024) as in Table 3. The five dimensions 
interact and function together to establish the structural model of the DT as in Fig. 
3. Figure 3 illustrates the five-​dimensional model. It highlights the bidirectional 
data flow. This flow is critical for smart hospitals. The physical entity sends data 
to the virtual model via the connection layer. The virtual model processes this data 
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and sends feedback. This loop enables real-​time adjustments in medical equipment 
settings. The integration of a blockchain layer into this model would secure the 'Con-
nections' dimension, preventing data interception during transmission. The physical 
entity in DT designs can represent either products or functional systems and cities 
that execute their assigned tasks while operating sensor devices for data acquisition. 
The Internet of Things enables technical observation of physical aspects through 
data collection capabilities including two-​dimensional codes and data acquisition 
cards and sensors. Real-​time data acquisition combined with processed information 
feedback is essential to enhance the design and operations through communication 
technology. A virtual model serves as a computerized representation of physical 
entities that incorporates entity capabilities together with physical properties as well 
as geometrical and behavioural characteristics for representation within the virtual 
environment. Through Virtual reality/augmented reality/mixed reality (VR/AR/
MR) technology users gain access to visualization and the fusion of virtual entity 
data together with physical entity data.

Figure 3. Five-​Dimensional Digital Twin Construction Model

The 5G communication technology provides fast and efficient data transmission 
which fulfils digital twin mass data requirements. The human-​virtual world interac-
tion requires careful attention to human–computer interaction technology together 
with human–robot interaction and collaboration methods. Multiple information 
categories contained in the DT data lead to substantial model enhancement through 
their fusion processes. The rapid volume of obtained data enables Big Data to find 
useful explanations along with predictions about DT results and processes. Since the 
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blockchain acts as an automatic safeguard to maintain data protection for the DT it 
also stops unauthorized modifications to dual data. DT service model supports both 
physical entity service along with virtual model service. Data calibration functions 
enable virtual models to preserve their operational integrity while maintaining their 
performance level. The automatic processing of twin data by AI uses optimal algo-
rithm matching to analyse and fuse data and develop neural networks which enhances 
both data value and service speed and accuracy (Jalil et al. 2024; Gazerani 2023).

Table 3. Technology integration matrix showing the role and maturity of various 
components in Digital Twin systems.

Technology Component Primary Function Blockchain Role Maturity Status

IoT Sensors Real-​time data collection Verifies data source origin Mature

5G Networks High-​speed data transmission Secures Network nodes Emerging

AI/ML Algorithms Pattern recognition & 
prediction

Audits algorithm 
decisions Mature

Blockchain Data security & integrity Core Infrastructure Developing

VR/AR/MR Visualization & interaction NA Emerging

Cloud Computing Scalable data processing Decentralized storage Mature

Edge Computing Local data processing Secured Nodes Emerging

Big Data Analytics Insight generation NA Mature

5.1. Blockchain-​Digital Twin Integration in Hospitals

The integration of Blockchain acts as a safety net for Digital Twins. In a smart 
hospital, devices constantly exchange data. Hackers target these connections. Block-
chain secures these endpoints. It uses cryptographic hashes to lock data blocks. 
Should any piece of individual data in a stream of sensor data be tampered with, 
where the corresponding cryptographic hash will inevitably diverge, the validation 
mechanism will reject it instantly. Such a strict and rigorous scrutiny makes sure that 
the digital twin is at all times an accurate and faithful copy of its real counterpart. 
This integrity is not just wanted but mandatory in a safety critical deployment such 
as in an intensive care unit ventilator deployment or in remote patient monitoring 
systems (Adibi et al. 2024).

5.2 Smart Contracts for Consent Management

Smart contracts are used in smart hospitals to automate various processes. 
These are self-​executing contracts with the terms written into code. In a Digital 
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Twin context, they manage patient consent. If a patient revokes consent for data 
sharing, the smart contract automatically locks the data. This removes the need for 
manual administrative work. It ensures that the hospital always complies with data 
privacy laws.

6. CASE STUDIES OF DIGITAL TWINS IN HEALTHCARE

6.1. GE Healthcare

Operational delays among hospitals that stemmed from broken equipment 
amounted to 25% of their total delays. The implementation of Digital Twins for MRI 
and CT equipment by GE anticipated equipment breakdowns which cut unplanned 
maintenance by half and simultaneously enhanced patient healthcare quality.

6.2. Boston Children's Hospital

Heart Disease in Children who had congenital heart defects needed to undergo 
several hazardous surgical procedures. The digital simulation of various surgical 
approaches led to lower unnecessary procedures by 20% along with patient survival 
rates that improved by 15% throughout the clinical process.

6.3. Siemens Healthiness

AI in Cancer Treatment Before implementing standard cancer treatments hos-
pitals needed to follow strict and lengthy planning procedures. The AI-​powered 
Digital Twins from Siemens enhanced radiation therapy performance in real-​time 
by delivering delivering improved treatment accuracy with reduced side effects 
(Siemens Healthineers Case Study). Philips developed heart disease monitoring 
platforms to address readmission problems of heart failure patients who needed 
improved real-​time tracking. Clinical judgment received improvement together 
with a 30% decrease in readmissions through Philips' development of Digital Twins 
which monitored health parameters and heart failure risks.

6.4. Digital Heart Models and Precise 
Cardiovascular Disease Management

It represents how the DT applies to cardiovascular system diagnosis (Diniz 
et al. 2025; Weerarathna et al. 2024). Philips used the personalized DT model to 
create heart models through unique CT images acquired before surgery. The tool 
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gives surgeons immediate three-​dimensional object positions that assist them with 
equipment selection and placement during surgical interventions. The research 
from Chakshu et al. applies recurrent neural networks to develop an inverse analysis 
method for cardiovascular DT that achieves high analysis precision. Deep learning 
methods enable the calculation of aortic blood pressure waveforms from blood 
pressure waveforms obtained from easy-​accessible arteries such as radial or carotid 
arteries. An active DT becomes achievable because the inverse analysis method 
enables ongoing healthcare monitoring which detects medical developments along 
with their further deterioration. Biomedical applications using non-​invasive or 
minimally invasive measurement tools have the possibility to replace complex and 
invasive diagnostic tools thanks to this approach. Gemalto and colleagues built a 
patient-​specific electromechanical computer model through clinical pressure data 
analysis of patients who received treatment for aortic coarctation which resulted in 
a detailed cellular-​scale model as in Table 4.

The first digital twin application in orthopaedics series began when our team 
developed a solution to fix the deficiencies in traditional dynamical biomechanical 
analysis methods (Dean et al. 2024). The system obtained human body movement 
status and space dynamics through human motion tracking technology. The wearable 
reality device and limited sensor readings calculated the actual body posture of the 
lower back region. The inverse kinematics system provided information alongside 
finite element method application which enabled establishment of the DT body 
of the lumbar spine allowing various human body motion postures. The AI model 
calculates results in real-​time using obtained posture information that then uses 
visualization to integrate with the virtual lumbar spine. Live-​time assessment of 
lumbar spine biomechanical properties together with real-​time prediction reached 
its goal of monitoring and forecasting operations. A three-​dimensional virtual re-
ality system developed using Unity3D software enabled Realtime biomechanical 
performance recordings of the lumbar spine thus creating a new effective real-​time 
planning solution for spine treatment. We achieved real-​time prediction capabilities 
for intradiscal pressure and facet contact force through our method to construct the 
DT along with a dynamic system for digital and physical space connection. Aubert 
established the DT of patient fractures to evaluate four stabilization approaches and 
enhance operating and post-​surgical management decisions for optimal surgical 
outcomes. The examination of repeated fracture risks focused on both bone areas 
under exceeding local yield strength stress and interfragmentary strain observations.

The collaboration between Pharmacy Dassault Systems and the US Food and 
Drug Administration approved the SIMULIA Living Heart project in 2014 to become 
the initial digital research on organ–drug interactions. The model constitutes a DT 
representation of human hearts and fulfils both researcher and educator validation 
criteria in medical practice. Pharmaceutical engineers and medical professionals 
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using this technology can now observe heart tissue structure and mobility to develop 
more personalized medical solutions for the future. Takeda Pharmaceuticals now 
uses the DT technology for production purposes to make transformative therapies 
available worldwide. The development of DT models allows businesses to speed up 
pharmaceutical development while generating authentic predictions about biochemi-
cal reactions. Direct interaction between Atos and Siemens and representatives from 
pharmaceutical companies led to development of physical DT models that enhanced 
manufacturing efficiency beyond standard practices. The solution successfully op-
erates due to support from IoT together with AI and various advanced technologies.

6.5. Secure Data Sharing in Hospital 
Networks (Blockchain Application)

A salient challenge in smart hospital infrastructures of the present day is in the 
field of secure data interdepartment communication. In recent pilot investigation, 
we deployed Digital Twin architecture secured to blockchain thereby harnessing 
a private blockchain network milieu. This configuration provided for data linkage 
between the radiology division and the operative unit. The patient Digital Twin 
received constant real-​time updating and the blockchain middleware prevented any 
unauthorized surgeon from viewing the data, essentially preventing unauthorized 
data access. The result was a secure, real-​time subject of operation lay that improved 
outcome of surgical planning all while maintaining patient privacy.

Table 4. Summary of quantitative results from Digital Twin implementation across 
major healthcare organizations.

Organization Application Area Key Metrics Results Achieved

GE Healthcare Equipment 
Maintenance

Unplanned maintenance 
reduction 50% reduction

Boston Children's 
Hospital Cardiac Surgery Procedure optimization 20% fewer procedures, 15% 

improved survival

Siemens Healthineers Cancer Treatment Radiation therapy 
accuracy

30% improvement in treatment 
precision

Philips Heart Disease 
Monitoring Readmission rates 30% reduction in readmissions

Mayo Clinic Surgical Training Operational success rates 25% improvement

Cleveland Clinic Workflow 
Optimization Patient wait times 20% reduction
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7. DIFFICULTIES IN HEALTHCARE DIGITAL 
TWIN IMPLEMENTATION

Digital twins demand significant money because their development relies on 
extensive cloud service investments together with IoT infrastructure and Artificial 
Intelligence technology expenses (Nadeem et al. 2025; Meijer et al. 2023; Subashini 
et al. 2024). Hospital facilities face financial strain due to significant implementation 
costs associated with cloud and IoT infrastructure. Real-​time patient data makes 
digital twins vulnerable to cyberattacks and associated security threats (Banoub et 
al. 2024) as in Fig. 4.

Figure 4. ROI Analysis and Implementation Timeline

The 2024 HIMSS study demonstrates that cybersecurity represents an important 
barrier to medical professionals through their survey results which found 70% of 
the respondents adopting this view. Healthcare operations become substantially 
harder because HIPAA and GDPR along with NDHM require strict data protection 
compliance (Katsoulakis et al. 2024; Armeni et al. 2022). The inability to achieve 
universal regulatory standards creates administrative delays which become legal 
obstacles for patient care approval. The inconsistent nature of local laws commands 
40% of AI-​based healthcare applications to undergo extended regulatory procedures. 
The medical use of Digital Twins needs to properly interact with existing hospital 
systems including EHRS databases and IOT equipment. The issue arises because 
fifty percent of institutions claim technical incompatibility between systems which 
hinders AI progress. The question arises when computers give incorrect instructions 
to doctors about who bears responsibility for such mistakes. Being led to an unus-
able destination reflects the current situation. Judging these self-​learning AI models 
poses a challenging task to officials who draft regulations and guidelines because 
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of their autonomous development. Approximately 30% of doctors are opposed to 
AI making decisions since, let's be honest, these algorithms can be confusing. It's 
similar to that intelligent friend who never shares how they know things. Thus, they 
continue to use human judgment.

8. THE FUTURE OF DIGITAL TWINS IN HEALTHCARE

Digital twins unlock new healthcare applications which include individual 
medicine programs and proactive disease forecasting methods (Fischer et al. 2024; 
Meijer et al. 2023; Armeni et al. 2022; Gazerani 2023). We need to navigate through 
multiple technological along with regulatory along with public support hurdles be-
fore establishing digital twins’ applications. The following section explores several 
approaches to increase the popularity of these small digital assistants.

8.1. Cost-​Effective AI and Clouds

Creating digital twins harbour significant expense which requires our attention 
to find cost reduction methods. Rephrase this text to make it direct and flowing 
with normal verbalization whenever possible while keeping the sentences easy 
to understand. Siemens and various other businesses have started developing less 
expensive straightforward versions.

8.2. Blockchain for Protecting Secrets

Everyone has become familiar with both cybersecurity breaches and digital 
attacks in the news media. Application of blockchain technology will establish 
completely secure medical record storage. A digital vault works just like this system 
where only approved users can access its contents while also enforcing honesty 
from everyone involved.

8.3. Interoperability and Standardization

Different countries, different rules. WHO and FDA together with other prom-
inent entities should form global AI health care guidelines that all nations can 
follow. Through this system each person understands what things are acceptable 
and unacceptable. Digital Twins need systems which can exchange data with other 
devices using FHIR and HL7 protocols. Digital Twins require the ability to exchange 
information with ehrs but they must do it without causing system problems. FHIR 
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and HL7 provide healthcare organizations with a specialized linking system that 
functions as a secret code to maintain proper communication between systems.

8.4. AI That Talks Your Language

Medical staff need to comprehend the explanations behind AI recommendations 
because they desire to see the rationale for which treatments the AI system proposes. 
We are developing methods to increase AI transparency because it should explain 
its decisions to enable everyone to understand its information.

8.5. Digital Twins in the Drug Game

There exists a possibility to preview drug effects via digital versions of patients 
before giving medications to actual patients. AI-​Powered Genomic Modelling brings 
revolutionary capabilities to customized medicine according to its mission. Such 
clinical trials could save both time and financial resources according to available 
evidence.

8.6. Uniting for Ethics in AI

Experts demonstrate the best capability to develop necessary regulations that 
AI in healthcare will require. The examination of medical-​professional-​technology-​
government alliances for fairness purposes looks at the Google DeepMind-​NHS 
UK partnership as an example.

8.7. Personalised Medicines

Personalized Medicine using Digital Twins The health and care sector together 
with many other industrial fields has achieved significant benefits from IoT (Dixit 
2025). Real-​time data collection from clinical and health sensors along with additional 
environmental or other sensors constitutes one aspect together with systems that 
facilitate communication between people machines and equipment. Digital patient 
data becomes accessible through the integration of patient-​generated reports and 
remote monitoring as well as diagnostic procedures and electronic medical records. 
Cloud computing and artificial intelligence including machine learning represent 
two fundamental emerging technologies that are developed successfully at the same 
time. These technologies have evolved into necessary instruments to both process 
huge volumes of (IoT) data and discover new knowledge as well as perform these 
processes in real time. Computer models of the SARS-​coronavirus 2 spike protein 
along with the angiotensin converting enzyme 2 receptors of assorted human and 
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animal species in silico simulations enable researchers to conduct virtual compari-
sons of protein receptor binding affinities which can lessen reliance on conventional 
land-​based laboratory work. Researchers face numerous challenges when develop-
ing complete and effective human digital twins because of extensive physiological 
relationships between body systems. Laboratory medicine could achieve great 
progress by developing the ability to create even small human tissue components 
like receptors or specific subcellular elements. Several scientific studies provide 
foundation for digital human twin development through large-​scale data collection 
from both patients and healthy people in terms of biochemical and genomic infor-
mation. Recent research has focused heavily on digital twins in healthcare, which 
have the potential to change predictive management and tailored medication. New 
applications have been made possible by the combination of digital twin-​based 
engineering and data-​driven healthcare methodologies.

The ability of digital twin technology to produce virtual representations of real 
objects is a crucial feature that makes it possible to simulate interventions and do 
predictive maintenance. This approach is comparable to in-​silico clinical evalua-
tions, which use dynamic human models to evaluate the effectiveness of medical 
treatments. Lehrach and associates. Proposed an individualised care system based 
on 'virtual twins' to model patients' biological states using diverse datasets, including 
clinical and imaging data. Big data technologies and increasing computer capabil-
ity have made such customized digital models more feasible, enabling doctors to 
replicate potential treatments before actual application, hence improving patient 
care and lowering costs. Several research have examined the use of digital twins in 
specific medical diseases (Roopa 2023). Digital twins in orthodontics demonstrated 
their worth according to Cho et al.'s findings through three-​dimensional imaging 
combined with facial scans that produced precise models which led to improved 
patient results. Digital twins have been used for management of chronic diseases like 
multiple sclerosis when dealing with complicated heterogeneous medical informa-
tion. Modern appliances known as digital twins unite clinical genomic information 
and environmental factors with medication-​related information to show prediction 
possibilities regarding disease initiation and medication performance. Medical 
professionals use digital twin models as an imitation of the circulatory system to 
support cardiac illness diagnosis and treatment. Through its 'Living Heart' program 
the company achieves this innovative change by transforming two-​dimensional im-
ages into three-​dimensional heart models suitable for accurate medical procedures.

Precision public health receives substantial advancements because of the imple-
mentation of digital twins. Public health programs improved through COVID-​19 
because it brought attention to more efficient disease monitoring and outbreak 
control practices. Medical research confirms that digital twins unite patient infor-
mation with artificial intelligence situational technologies through cloud systems 
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to track diseases instantaneously. The combination of digital twins and blockchain 
technology operates to protect medical data security through transparent systems 
that allow healthcare facilities to distribute resources properly. In urban health 
planning, digital twins have been instrumental in developing 'smart healthy cities’ 
(Li et al. 2024). Geographic information systems (GIS) and digital twin models 
are utilised to monitor urban conditions, predict environmental health impacts, and 
inform policy decisions. For instance, the Boston digital twin project allows urban 
planners to visualise the effects of new infrastructure on public health, such as the 
impact of high-​rise buildings on sunlight exposure, which is linked to seasonal 
affective disorder.

8.8. Healthcare and Life Sciences

The manufacturing sector and other industries had already adopted digital twin 
technology before it advanced into life sciences and healthcare applications. This 
technology offers numerous possible uses across this sector. COVID-​19 pandemic 
speedup digital transformation thus boosting the adoption levels of these digital 
tools. Central health institutions operate with enhanced efficiency requirements as 
patients seek better care standards. New solutions such as Digital Twins are now 
under investigation by the industry because they show promise to enhance process 
optimization and result enhancement. The life sciences field witnesses growing use 
of Digital Twins mostly dedicated to drug discovery programs and development 
projects. Blood flow and mechanical operations and electrical signals of the human 
heart can be studied in detail because a software company produced a virtual heart 
model. Through the application of this method drug testing as well as medical de-
vice development continues to advance. Several healthcare operations and medical 
devices alongside infrastructure and patient models utilize digital twin technology 
for digital duplication. Virtual models enable tracking and analysis and forecast of 
variables such as personalized care plans along with proactive infrastructure main-
tenance and research and development expense management.

8.9. Drug Development

Because they can replicate the effects of novel drugs, digital twins are essential 
to drug testing (Attaran et al. 2024). Large volumes of data are produced during 
the drug development process, and digital twins aid in efficiently organizing and 
analysing this data. Clinical trials can go more quickly with the use of these virtual 
models, requiring fewer participants but preserving accuracy. It enables researchers 
to choose the best antigen and speed up development through virtual simulations. 
The technology is integral to vaccination research.
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8.10. Clinical Research

Digital twins have the potential to revolutionize clinical research today as they 
enable study investigators to predict the treatment response before the drug is tested 
in the patient, thus eliminating the need for large in vivo tests (Narigina et al., 2024). 
The methodology provides safe and efficacious experimental evaluation for eval-
uation of all developmental stages. Therefore, researchers can leverage the virtual 
patient models to ingest large sets of data and understand significant patterns and, 
in turn, improve the treatment methods step-​by-​step. Such an approach promises to 
bring healthcare delivery systems to a degree of precision that is finely granulated 
as well as individually tailored. The significance of digital twins is in the ability to 
recreate human disease trajectories in a controlled environment -​ animal-​based -​ to 
bridge a critical translational gap. Broader access to this technology is launching 
personalized medicine into new unreachable realms. Using enormous data bank 
repositories clinicians can make exhaustive simulations for therapeutic interventions, 
such as implantation of cochlear implants, carried out in patient cohorts, without 
any disproportionate costs.

8.11. Operational and Educational Optimization

Digital twin technology along with augmented and virtual realities leverages 
medical education (Li, 2022). Training simulates a risk-​free capability, empowering 
medical personnel to perform any procedure once again as per need while improving 
patient security and hands-​on, abilities gaining. Medical schools have been adding 
these simulations to their curricula to provide their students with hands-​on experi-
ences to learn from. With virtual models of human anatomy, specialists and trainees 
are able to practice their skills, before going in for real-​life treatments. Digital twins 
are the driving force in the automobile sector for innovation. Car manufacturers 
have a gift for behavioural data collection. They connect with consumers through 
interactive dashboards and by specialized tools. Manufacturers use Digital Twin 
technology for performance evaluations, safety and efficiency evaluations, when 
developing the vehicle. Digital twins are being used for failure detection, flight state 
analysis, weight inspection and aircraft maintenance in aviation, mainly. Despite 
these advancements, however, data quality, as well as data integration, remains big 
challenges. For the digital twin models to generate valid and reliable output, they 
shall be constructed out from defined and good quality data. Digital twin systems 
must establish user trust by removing the potential issues related to explainability 
and bias linked with any AI. But as technologies improve, industry, academia and 
lawmakers must collaborate to ensure that new technologies are developed and used 
in an ethical way. Typically, digital twins have the power to bring healthcare back to 
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life by first, using predictive analysis, second, personalizing pharmaceuticals, and 
third, spreading awareness through public health campaigns. Despite the challenges 
that remain, research and developments will allow for the creation of the groundwork 
for wide-​scale adoption, thus resulting in a better quality and efficiency of patient 
care across the different healthcare systems. The implementation of digital twin 
technology proves to be very promising for the development of clinical operations 
across healthcare systems. By recreating physical infrastructures within a virtual 
world and linking them with real-​time data streams, these virtual representations give 
rendering healthcare providers unprecedented analytical capabilities and streamline 
the optimization of workflows, into the efficient allocation of resources, for overall 
operational efficiency. The digital twins of the clinical workflow allow the health 
care provider to assess the process and to make improvements. Through data taken 
from various sources such as electronic medical records (EMR), medical devices, 
and administrative systems, digital twins identify bottlenecks, inefficiencies, and 
improvement opportunities. Digital twins are also helping to reduce the capacity 
planning process, making it easier for health institutions to better anticipate the 
future for everyone. Algorithms based on the predictive analytics concept and ma-
chine learning analysis of the data collected from the EHRs, medical devices and 
administrative systems can also play a role in decisions on day-​to-​day operations. 
By predominantly looking at patient flow, staff levels, and equipment use, and 
comparing with historic data of operation, they can forecast a crisis scenario in the 
near future which empowers healthcare organizations to proactively adjust staffing 
schedules, assign optimal bed assignments, or delay treatments for better patient 
experience and care. Digital twin technology can be integrated fairly easily with 
real-​time data, monitoring, and analysis derived from wearables, medical sensors, 
and Internet of Things devices, making continuous monitoring possible across the 
operations of healthcare services. By tracking key performance indicators, patient 
flow, and operational parameters, digital twins can quickly recognize deviations 
from the projected norms and sound alerts.

Digital twins can be of aid in the simulation of complex clinical scenarios for 
healthcare practitioners to polish and enhance their clinical decision-​making skills. 
By using patient data, medical history, and information gathered from real-​time 
monitoring, digital twins can help healthcare practitioners gain access to realistic 
instances to analyse and diagnose, as well as developing a treatment regimen. This 
is an interactive simulation that can serve as a good learning process for healthcare 
professionals to develop their ability to make an appropriate diagnostic reason, 
consider options for treatment of various diseases, and make a decision in a risk-​free 
environment. Any identification twin technology has the potential to create quality 
improvement programs, which can be utilized to increase patient safety in clinical 
practice. Things that went wrong, close calls, or differences that are creating a problem 
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can be a good way of getting to finding opportunities for further improvement. The 
ability to see evidence and protocols enable effective evidence-​based practices and 
compliance with protocols. This creates a culture of continual improvement, which 
is itself an error -​ and patient safety -​ reducer in any clinical process. A digital twin 
can make it easier for other, different departments and healthcare professionals to 
come together and communicate with one another on a single, common platform. 
This technology allows for real-​time data sharing, joint creation of patient care plans 
and efficient communication. Furthermore, a virtual platform offers a resource for 
data sharing and advancements with caregivers and patients in real time, as well 
as a means to communication and assess care plans. Combined, this improves care 
communications with other teams, reduces handovers, and increases collaboration 
to help drives clinical workflows more effectively and improve patient outcomes.

Real-​time monitoring of the clinical process and a mechanism for continuous 
improvement using digital twins. The ongoing process of amassing data that is fed 
into the digital twin allows managers to continually assess long-​term excellence 
of the clinic. Following this, immediate feedback means healthcare practitioners 
can identify trends and understand the repercussions of any changes in process 
while continuing to put preventive measures into decisions that help optimization 
of processes. This way, by responding to cues as they are encountered, companies 
can address inefficiencies and otherwise make ongoing refinements in clinical 
operations. Digital twins are under the help of health providers to practice various 
medical aspects. Digital twins allow to simulate procedures, from invasive to non-​
invasive health care practitioners have to undergo. Digital twins make it possible 
for multiple healthcare professionals to collaborate on a shared virtual platform. 
Digital twins will facilitate communication between different professional groups 
and enable healthcare professionals to work together and coordinate the care for 
patients. This allows for an overall better understanding of each profession within 
the interprofessional process, which in turn allows for better cooperation and the 
ability to increase a patient's health through thorough and integrated treatment. Dig-
ital twins can be further used to create a platform for professional development for 
those working in the field of healthcare. Via digital twins, practitioners can remain 
open to new developments, develop new expertise, and gain further specialized 
knowledge from case studies, simulations, and virtual training. Self-​paced learning 
and ongoing training is the vehicle to gain life-​long learning and professional growth 
for healthcare practitioners and ensure they are able to deliver quality care. Digital 
twin technologies can also be used for research and development. They can be used 
for testing theories, analysing data, and performing experiments. In order to offer 
insights that may drive evidence-​based practices and innovation in the healthcare 
field, these tools are being used to model different demographics, treatment methods 
and illness scenarios for patients as in Fig. 5.



199

8.12. Convergence of Blockchain and Digital 
Twins for Trusted Ecosystems

The future of smart hospitals lies in the union of DT and Blockchain. Digital 
Twins provide the simulation. Blockchain provides the trust. Future systems will 
use “Tokenized Digital Twins.” This allows patients to own their medical data. 
They can grant access to researchers via tokens. This convergence solves the data 
silo problem. It creates a trusted ecosystem where data flows freely but securely. 
Research must focus on the speed of these transactions to handle real-​time hospital 
data (Katsoulakis et al. 2024).

Figure 5. Healthcare Outcomes Comparison Analysis

CONCLUSION

Digital Twin technology is a cornerstone of the smart hospital infrastructure. It 
moves healthcare from reactive to predictive. However, the success of Digital Twins 
depends on data trust. This is where Blockchain integration is critical. Blockchain 
ensures security, interoperability, and data integrity. It protects patient privacy 
while enabling efficient hospital workflows. The combination of these technologies 
addresses key challenges in modern healthcare. Future developments must focus 
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on standardizing these integrations. This will create a secure, efficient, and patient-​
centric smart hospital ecosystem.
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