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Abstract 
This paper provides a comprehensive review of the current state of Industry 4.0 adoption in healthcare, identifying the critical 
need for innovative solutions to address existing inefficiencies and to improve patient outcomes. 
Through the use of the Scopus scientific database and well-defined criteria, 34 documents are identified and classified. They span 
various medical sectors, including cardiology, oncology, and neurology. The findings highlight the application of Artificial 
Intelligence & Machine Learning, Digital Twin, and Blockchain and Internet of Thing technologies in healthcare, discussing both 
their transformative potential and the challenges they present. 
The paper concludes by underscoring the necessity for continued innovation and the development of a robust, comprehensive 
tool—such as the ANTHEM project—that can significantly enhance healthcare delivery, particularly for vulnerable and 
chronically ill patients in underserved regions. Additionally, the study addresses future challenges associated with the digital 
transformation of healthcare, particularly concerning interoperability, data privacy, and security. 
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1. Introduction 

The healthcare sector is facing significant 
challenges in meeting the demands of a growing and 
aging population. Traditional healthcare systems are 
often strained by inefficiencies, limited resources, and 
rising costs. These pressures are compounded by the 
increasing prevalence of chronic diseases, which 
require ongoing management and frequent interaction 
with healthcare providers. In many cases, healthcare 
delivery is hampered by outdated infrastructure, 
fragmented communication between providers, and 
limited access to timely and accurate patient 

information (Kern et al., 2019). 

Moreover, the reliance on manual processes and 
paper-based records can lead to errors, delays, and 
suboptimal patient outcomes. These inefficiencies not 
only compromise the quality of care but also place a 
significant financial burden on healthcare systems. As 
a result, patients often experience long wait times, 
inconsistent care, and a lack of personalized treatment 
options. (Akintayo-Usman, 2021) 

In this context, there is a critical need for innovative 
solutions that can address these shortcomings and 
enhance the overall efficiency and effectiveness of 
healthcare delivery. 
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The advent of Industry 4.0, marked by the 

emergence of advanced technologies such as the 
Internet of Things (IoT), Artificial Intelligence (AI), 
blockchain, and big data analytics, has introduced in 
significant transformations across various sectors. 
This new era is characterized by unprecedented levels 
of efficiency, connectivity, and automation, 
revolutionizing traditional industry practices 
(Mohamed et al., 2019). Initially confined to sectors like 
manufacturing and logistics, these technologies are 
now beginning to permeate the healthcare sector, 
promising to redefine patient care, data management, 
and service delivery (Abbate et al., 2023; Eduardo et al., 
2023). 

Especially in combating the COVID-19 crisis, the role 
of Industry 4.0 technologies highlights their potential 
in healthcare. From facilitating rapid production of 
essential medical supplies to supporting telemedicine 
and remote patient monitoring, these technologies 
have been instrumental in disease detection, diagnosis, 
contact tracing, and maintaining healthcare services 
during lockdowns (Javaid et al., 2020). 

This article aims to analyze the main technologies 
and paradigms of Industry 4.0 utilized in the healthcare 
sector, highlighting the specific areas where these 
technologies are most commonly applied. 

The remainder of this paper is organized as follows. 
In section 2, the scientific background is analyzed, and 
research gaps are identified to clearly explain the 
innovative contribution of this paper ; in Section 3, 
authors give all the details on the methodology 
conducted. Section 4 presents an analysis about the 
papers selected. In Section 5, authors outline the 
current research gaps, the possible future challenges 
and some conclusions. 

2. Scientific background 

Several literature reviews have discussed the 
integration of Industry 4.0 technologies, such as the 
Internet of Things (IoT) or Artificial Intelligence (AI), 
are increasingly integrated into the healthcare sector, 
revolutionizing patient care, data management, and 
the delivery of healthcare services. 

For instance, IoT devices enable real-time health 
monitoring and management, supporting personalized 
care and early intervention strategies. Mishra et al. 
(2023), Nguyen et al. (2023) and Shams et al. (2024) 
describe the integration of the Internet of Medical 
Things (IoMT) evaluating that IoMT technologies, 
leveraging the interconnectedness of IoT within 
medical applications, significantly boost real-time 
patient monitoring, data analytics, and overall 
healthcare service management. 

At the same time, regards the usage of IoT 
technology, addressing data fusion and security 
concerns is crucial for advancing IoMT capabilities in 
healthcare. Integrating IoMT devices enables 
comprehensive patient monitoring and data analysis, 

improving the precision of diagnosis and treatment 
while securing this data against breaches with 
advanced encryption techniques and robust data 
management procedures. It is important to adopt a 
balanced approach that leverages IoMT benefits while 
minimizing security risks to ensure the long-term 
development of intelligent healthcare systems. Also, 
the usage of Blockchain technology addresses key data 
security and privacy issues in healthcare. It secures 
patient records through a decentralized and tamper-
proof data management system, allowing for secure 
data sharing among authorized entities. Research on 
blockchain technology in healthcare, as analyzed by 
Garg (2023), indicates a significant rise in interest and 
studies from 2018 to 2022, underscoring blockchain's 
potential to transform data security, transparency, and 
interoperability in healthcare. 

Moreover, Simulation and Digital Twin technology 
provide exceptional predictive modeling skills. They 
have the ability to accurately replicate pharmacological 
reactions, patient responses, and surgical results, 
leading to a significant transformation in patient care, 
hospital administration, and medical training. For 
instance, Muskan et al. (2023) and Sun et al. (2023) 
explain how this kind of technology allows healthcare 
providers to forecast results, create customized 
treatments, and efficiently allocate resources. They 
show the potential of digital twin in enhancing patient 
care, medical education and training, showcasing its 
transformative impact on healthcare. For example, it is 
possible predicting cancer and neurological conditions, 
tracking cardiovascular trends, and customizing drug 
models. 

Given the growing body of evidence and the 
increasing interest in healthcare 4.0, it is evident that 
these technologies are becoming essential to the 
healthcare sector. However, there is a noticeable gap in 
the literature when it comes to a comprehensive review 
that categorizes and assesses the current state of 
adoption of all these technologies. This paper seeks to 
fill that gap by providing a critical situational analysis 
of how Industry 4.0 technologies are being integrated 
into healthcare. It will serve as a foundational reference 
for guiding future innovation, policy development, and 
the strategic alignment of technological capabilities 
with healthcare objectives. By examining the current 
landscape, this paper will highlight the importance of 
multidisciplinary collaboration in the creation of a 
technologically advanced, equitable, sustainable, and 
resilient healthcare ecosystem. Ultimately, this 
analysis will contribute to the transformation of 
healthcare into a more efficient, accessible, and 
patient-centered system. 

3. Materials and Methods 

In the initial research phase, authors selected Scopus 
as primary database due to its extensive coverage and 
rigorous quality assurance, thereby ensuring the 
inclusion of only the most pertinent and high-quality 
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data. 

The query adopted was: 

(TITLE-ABS-KEY (Industry 4.0) AND TITLE-
ABS-KEY (Healthcare) AND TITLE-ABS-KEY 
(technology)) 

(1) 

The aim of this approach was to generate insights 
that are highly applicable to current technological 
trends and advancements, resulting in a more 
comprehensive understanding of the latest 
developments and better guidance for future research 
directions. 

Pre-screening exclusions were performed based on 
language, excluding documents not in English, 
document type, publication year, choosing to start 
from 2020, as articles published prior to this year were 
not found to be significantly relevant, thereby focusing 
the search to ensure a clearer and more accurate 
overview, and duplicate articles. 

Subsequently, the titles, abstracts, and keywords of 
the remaining publications were screened using the 
criteria specified in Table 1. 

Table 1. Criteria for exclusion papers remaining to be evaluated 

Criteria Description 
1 The article does not fit the specific research scope on 

'Healthcare 4.0'. 
2 The discussed Industry 4.0 technologies are not 

applied within the healthcare context. 
3 The article lacks an implementation of Industry 4.0 

technologies in healthcare. 

 

This research culminated in a total of 34 articles that 
were deemed suitable for inclusion in this review. Due 
to the limited number of papers available on this topic, 
it was not necessary to adopt more structured literature 
review methodologies. 

4. Results and Discussion 

In Table 2 below, authors present a comprehensive 
organization of all the documents. This table is 
structured to enhance accessibility and clarity, in fact 
each article is categorized as a first step on its specific 
medical sector, ensuring readers can quickly locate 
area of interest. 

Authors identified six medical sectors: Cardiology 
(C), Neurology (N), Oncology (ON), Endocrinology 
(EN), Epidemiology (EP), Generic (G). This last 
category encompasses publications that do not fit into 
the aforementioned categories, including 
transdisciplinary research, general healthcare 
enhancements, or specialized medical areas not 
explicitly stated. 

From the literature analysis conducted, the 
technology used topic has been addressed and divided 
into: 

• Artificial Intelligence & Machine Learning (AI & ML): 
Studies focusing on the application of AI and 
machine learning algorithms for diagnostics, 
predictions, data analysis, and decision support 
systems in healthcare. 

• Digital Twins & Simulation (DT & SM): Papers that 
explore the creation and use of digital replicas of 
physical healthcare entities and processes for 
improved monitoring, planning, and optimization. 

• Blockchain & IoT Technologies (B&I): Articles 
detailing the use of interconnected devices, sensors 
for real-time monitoring, and IoT applications in 
healthcare and the use of blockchain for securing 
data, enhancing privacy, and enabling secure data 
exchange and management. 

• Other (O): Any reference that does not specifically 
align with the above categories. 

At first, it is observable that most of the papers have 
been written in 2023. It is quite interesting because 
shows that the application of 4.0 technique are one of 
the hottest topics for researchers and also a field that 
has to be better explored. At the same time, it is relevant 
that most of the papers are related to the epidemiology 
field, depicting how the pandemic crisis has impact to 
the world.  

Moreover, as observable in Table 2, the Digital Twin 
and Simulation related to healthcare field is a topic of 
interest for scientists. In this view, Khan et al. (2023), 
introduces an innovative Digital Twin (DT) model that 
utilizes WiFi CSI (Channel State Information) signal 
processing and machine learning for monitoring 
patient respiration and providing decision support. 
This model showcases the smooth incorporation of IoT 
and AI & ML technologies to gather and analyze 
respiratory data, improving patient monitoring 
through non-invasive methods and providing an 
advanced illustration of Digital Twins benefiting 
healthcare. Instead, Konopik et al. (2023) investigate 
the opportunities and obstacles of Digital Twins in 
breast cancer therapy. Their empirical research 
compiles viewpoints from stakeholders, 
demonstrating the substantial potential of Digital 
Twins in tailored medicine, efficiency enhancements, 
and scientific research. This study highlights the 
significant influence Digital Twins can have on the 
treatment and management of chronic diseases, 
focusing on personalized and precise care delivery. 
Cimino et al. (2022) explore the importance of 
Modelling & Simulation (M&S) approach in a real 
organization of a Vaccination Hub. They show different 
kind of scenarios that could help supporting experts 
and decision makers in the organization process in 
order to maximize a vaccination campaign. This is a 
demonstration of how simulation is important in this 
field. Similarly, Bruzzone et al. (2021) utilize a 
simulation-based serious game to develop and refine 
operational procedures and regulations for preventing 
access to urban areas and key facilities.
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Table 2. Papers evaluated

Ref. Sector Technology Used 
C N ON EN EP G AI&ML DT&SM B&I O 

Abidi et al. (2023)     ✓  ✓    
Alvarez-Romero et al. (2023)     ✓     ✓ 
Antonacci et al. (2023)     ✓  ✓  ✓  
Bhatt et al. (2024) ✓      ✓    
Brönneke et al. (2023) ✓         ✓ 
Brunzini et al. (2023)     ✓    ✓  
Bruzzone et al. (2021)     ✓   ✓   
Cimino et al. (2022)     ✓   ✓   
Chatterjee et al. (2023)     ✓    ✓  
Das et al. (2023)      ✓   ✓  
De Benedictis et al. (2022)     ✓   ✓ ✓  
Edeh et al. (2023)     ✓    ✓  
Frisinger et al. (2023)     ✓  ✓    
Hesar et al. (2023) ✓      ✓  ✓  
Keskenler et al. (2024)   ✓    ✓    
Khan et al. (2023)     ✓   ✓   
Konopik et al. (2023)   ✓     ✓   
Langebrake et al. (2023)  ✓        ✓ 
Mahajan et al. (2023)  ✓       ✓  
Mao et al. (2023) ✓ ✓       ✓  
Messina et al. (2023)    ✓     ✓  
Munshi et al. (2024) ✓      ✓    
Nasir et al. (2023)  ✓     ✓    
Orzechowski et al. (2023)     ✓    ✓  
Piaggio et al. (2024)    ✓      ✓ 
Qahtan et al. (2022)      ✓   ✓  
Rai et al. (2022)      ✓   ✓  
Semyonov et al. (2023)     ✓     ✓ 
Sobieraj et al. (2023)     ✓    ✓  
Sudeep et al. (2020)      ✓   ✓  
Tian et al. (2023)      ✓    ✓ 
Tortorella et al. (2022)     ✓    ✓  
Xia et al. (2023)     ✓     ✓ 
Zhiguo et al. (2023)   ✓    ✓    

From another point of view, De Benedictis et al. 
(2022) present a detailed case study focusing on social 
distancing. This paper emphasizes the effectiveness of 
IoT devices and AI technology in generating virtual 
representations of actual healthcare entities and 
processes. The emphasis on social distancing and 
patient monitoring applications demonstrates the 
adaptability and usefulness of Digital Twins & 
Simulation in tackling current healthcare issues. 
Obstacles such as significant upfront costs, complexity 
in generating precise digital duplicates, and the 
requirement for intensive data gathering can impede 
widespread adoption. To overcome these obstacles, it 
will be necessary to make focused investments in 
research and development, with the goal of speeding 
the implementation of digital transformation and 
demonstrating its cost-effectiveness in achieving 
positive healthcare results over the course of time. 

Studies like Das et al. (2023) concentrates on 
enhancing security in IoT-based smart healthcare 
systems by the introduction of a sophisticated 
lightweight privacy-preserving authentication 
approach. They focus on enhancing security in 
healthcare IoT devices by utilizing Physically 
Unclonable Functions (PUF) for device authentication. 

Additionally, Edeh et al. (2023) assess an IoT-enabled 
hybrid paradigm for genome sequence analysis, 
utilizing technologies such as Hadoop for distributed 
data processing and cloud computing for scalable 
storage. This study highlights the capability of IoT in 
aiding intricate healthcare analyses by showing how 
IoT can assist in genome sequencing, thereby 
enhancing tailored medicine and advanced patient 
care. Instead, Hesar et al. (2023) create an AI-powered 
epidermal electronic system specifically for 
automatically monitoring prognostic markers for 
hypertension through a smartphone. This device 
showcases the capacity of IoT to seamlessly interact 
with wearable technology, offering ongoing health 
monitoring via sensors placed on the patient's chest. 

So, it is clear that also privacy and security of this 
sensible data is required and because of it, Qahtan et al. 
(2022) and Rai Bipin Kumar (2022) explores the 
adoption of Blockchain technology to guarantee 
securely manage of the patient’s medical information. 
The first investigated a unique decision-making 
method that combines fuzzy weighted with zero 
inconsistency and spherical fuzzy sets to accurately 
assess evaluation criteria to tackle the intricate security 
and privacy challenges involved in combining 
blockchain and IoT technology in healthcare. The 
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second one, presents PcBEHR, a blockchain-based 
system for Electronic Health Records (EHRs) that 
guarantees data decentralization, immutability, 
transparency, traceability, and trustworthiness by 
recommending decentralized interplanetary file 
storage (IPFS) to improve the security and accessibility 
of EHRs. 

Artificial Intelligence and Machine Learning are 
crucial in healthcare for diagnostic systems, Keskenler 
et al. (2024) created a novel Multi-Layer Machine 
Learning (MLML) Architecture for diagnosing skin 
cancer non-invasively through dermoscopic pictures. 
The design utilizes methods such as Decision Tree, 
Random Forest, Neural Networks, Naive Bayes, 
Support Vector Machine, K-Nearest Neighbor, and 
Linear Regression to enhance the accuracy of medical 
diagnoses, demonstrating the promise of AI & ML in 
improving diagnostic precision. Indeed, Bhatt et al. 
(2024) and Gupta et al. (2024) examinate the useability 
of Machine Learning algorithms to specifically predict 
and identify heart strokes. Instead, Abidi et al. (2023) 
used a mix of different advanced deep learning 
classifiers such as Extreme Learning Machine (ELM), 
Deep Convolutional Neural Network (CNN), Long 
Short-Term Memory (LSTM), Deep Belief Network 
(DBN), and Deep Neural Network (DNN) to accurately 
and precisely categorize physical activities. This study 
demonstrates the use of AI and ML in creating 
intelligent health monitoring systems that can 
effectively categorize and track physical activity, aiding 
in tailored and proactive healthcare treatments. 

A very important trend concerns other technologies 
such as 3D printing, which is revolutionizing 
personalized medicine and surgical training by 
enabling the creation of patient-specific drug dosages 
and anatomical models. The significance of 3D printing 
in personalizing patient care is highlighted by studies 
like that of Langebrake et al. (2023), which examine its 
application in machine-learning-assisted medication 
management systems. In this route, also Xia et al. 
(2023) examines the efficacy of 3D printed models in 
training for laparoscopic intracorporeal intestinal 
anastomosis, emphasizing their role in enhancing 
surgical performance and learning curves. The study 
shows that regular simulation training can greatly 
improve surgeons' surgical skills, indicating that 3D 
printed models are a practical and economical 
approach for surgical training and quality evaluation in 
healthcare. 

5. Conclusions and Future Challenges 

The healthcare industry is going through a significant 
digital transformation thanks to Industry 4.0 
technologies, which introduces both new opportunities 
and challenges. The potential benefits, such as 
increased diagnostic precision, personalized treatment 
strategies, and improved patient outcomes through the 
integration of artificial intelligence, simulation and the 
Internet of Things and security data are significant. 

However, these advantages are balanced by the 
pressing need to address several critical challenges. 

Digital healthcare technologies promise to initiate a 
new era of medical treatment, offering unique 
opportunities to enhance patient outcomes, improve 
diagnostic accuracy, and enable faster interventions. 
Yet, the integration of these technologies into existing 
healthcare systems is fraught with complex challenges 
that require a strategic and thoughtful approach. One of 
the primary challenges is ensuring interoperability and 
compatibility among various systems and devices. 
Establishing universal communication protocols is 
essential for the efficient transmission of health data 
and the development of a cohesive digital healthcare 
ecosystem. However, this also raises concerns about 
data privacy and security, as the digitalization of health 
information exposes sensitive patient data to potential 
cyber-attacks. This underscores the importance of 
implementing advanced cybersecurity protocols and 
adhering strictly to data protection regulations to 
safeguard patient information, thereby ensuring trust 
and confidentiality in digital healthcare exchanges. 

Given the trends, advancements, and identified gaps, it 
is clear that there is a pressing need for a 
comprehensive tracking tool that enables intelligent 
and remote diagnosis and prevention, securely stores 
data, and ensures easy accessibility while supporting 
the development of advanced treatments. The 
ANTHEM project emerges as a promising solution to 
these challenges. Its general objective is to bridge the 
existing gap in healthcare for fragile and chronic 
patients, particularly in regions and communities with 
high-incidence diseases and limited access to 
therapies. By focusing on the development of 
innovative sensors, advanced digital diagnostic 
systems, and monitoring technologies, as well as 
integrating cutting-edge therapies, ANTHEM aims to 
significantly enhance territorial healthcare for Non-
Communicable Diseases (NCDs) and rehabilitation. 
This initiative leverages the latest advancements in 
Artificial Intelligence (AI), including Data Mining, 
ensuring a patient-centered approach that aligns with 
the evolving demands of modern healthcare. 

While the path forward may be complex, the potential 
benefits are substantial. By directly addressing these 
challenges, the healthcare sector can harness Industry 
4.0 technologies to improve precision, efficiency, and 
patient-centricity in healthcare delivery. In this 
context, ANTHEM could play a pivotal role in providing 
a crucial tool for the healthcare sector, especially for 
patients who require medical attention but struggle to 
access it easily.  
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