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1. INTRODUCTION 

This document was developed in the framework of the project “Industry 4.0 in Healthcare” 
co-funded through Erasmus+ programme of the European Union by the project partners: 
University of Humanities and Economics in Lodz (Poland), Klaipeda State University of Applied 
Sciences (Lithuania), Callípolis Institute (Spain), OAMGMAMR Iasi (Romania), Ludor 
Engineering (Romania) and MECB (Malta).  
 
The document consists of three main parts. First part, “Review of Industry 4.0 applications in 
Healthcare” is the result of the analyses carried out by the project partners in their countries in 
order to identify the most relevant applications of Industry 4.0 technologies and concepts in the 
healthcare sector. The second one, “VET guidelines regarding Industry 4.0 applications in 
Healthcare” includes some guidelines to be used by VET providers in order to implement 
training activities dedicated to preparation of healthcare personnel for jobs related to Industry 
4.0. The third part, “Case studies on the use of Industry 4.0 in Healthcare” is a collection of case 
studies relevant for the use of Industry 4.0 in Healthcare, aiming at making aware and inspiring 
the target groups with regards to potential, applicability and advantages of Industry 
4.0 in healthcare sector. 
 
The document has multiple purposes: 
- to demonstrate that Industry 4.0 is not only a theory or something from a distant future but 
something that is used, right now, in practical applications for healthcare 
- to inspire health professionals, managers, decision makers, etc. and to convince them about the 
advantages offered by the implementation of Industry 4.0 in Healthcare 
- to find out best practices and other useful ideas for the “Industry 4.0 in Healthcare” training 
course. 
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2. REVIEW OF CURRENT INDUSTRY 4.0 APPLICATIONS IN 
HEALTHCARE 

2.1. Review of Industry 4.0 applications in Healthcare in 
Poland 

The purpose of the document is to identify the most relevant applications of Industry 4.0 
technologies and concepts in the healthcare sector, created, developed and/or used in partner 
country. 

2.1.1. Introduction 

Industry 4.0 or the fourth industrial revolution are terms that describe the social, 
industrial and technological changes brought about by the digital transformation of industry. 

Industry 4.0 is a collective term that means the integration of intelligent machines, 
systems and the introduction of changes in production processes aimed at increasing 
production efficiency and introducing the possibility of flexible changes in the product range. 
Industry 4.0 is not only about technology, but also about new ways of working and the role of 
people in industry. 

The fourth revolution is a paradigm shift, focusing on customer needs, striving to 
introduce mass customization of products and services through specific techniques. The 
characteristic features include such technologies as: the Internet of Things, analysis on large 
data sets (Big Data), cloud computing, machine communication, machine automation, VR and 
AR, simple conversion of production to variable assortment, 3D printing. 

The history of industry with the associated technologies is as follows: 
 Industry 1.0 – mechanization – the invention and implementation of the steam engine 

brought production into the era of industrialization. 
 Industry 2.0 – electrification – it was electricity that replaced steam engines, and 

production lines could produce goods in large series. 
 Industry 3.0 – digitization – increasingly efficient computers and data processing systems 

made it possible to control machines using software. As a result, the machines gained 
greater efficiency, precision and flexibility, and the digitization process made it possible to 
achieve higher and higher degrees of automation. Planning and control systems aimed at 
coordinating production activities began to emerge. 

 Industry 4.0 – system integration and networking; Industry 4.0 integrates people and 
digitally controlled machines with the Internet and information technologies. The materials 
produced or used for production are always identifiable and have the ability to 
communicate independently with each other. The information flow is vertical: from 
individual components to the company's IT department and from the IT department to 
components. The second direction of information flow is carried out horizontally: between 
the machines involved in the production process and the company's production system. 

2.1.2. Applications of Industry 4.0 technologies in healthcare 

Industry 4.0 in terms of technology is a complex of new and developing technologies that 
forms the foundation of the discussed changes. They enable the implementation of new 
processing methods and information management. 

 Internet of Things. 
 Data analytics and healthcare optimization. 
 IT / OT integration and creation of cyber-physical systems (CPS. 
 Cybersecurity. 
 Artificial intelligence. 
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 Additive printing (3D printing). 
 Digital and digitization of production. 
 Cloud computing. 
 Big Data. 
 Virtual and augmented reality. 
 Collaborative robots. 
 Mobile robots. 
 RFID. 
 Mobile interfaces. 
 Blockchain. 
 Geolocation. 
 
The Industry 4.0 technologies most used in healthcare are: Internet of Things, 3D printing, 

3D simulation, Virtual and Augmented Reality, Artificial Intelligence, Big Data and Robotics. 

2.1.3. Areas of healthcare sector 

Industry 4.0 is basically two streams of technological megatrends, i.e. robotization and 
digitization. These are smart factories, but also information highways and information 
ecosystems in the healthcare system supported by artificial intelligence (AI). 

The 3 most promising areas where Industry 4.0 can deliver the best results are: 
 Integrate disease management into our daily lives - an extremely important area 

related to the management of non-communicable diseases, which affect an increasing 
proportion of the population. Improving patient adherence to treatment is a critical 
element in their recovery or quality of life. 

 Digitization for an aging society – 2050, the population over sixty is expected to 
reach almost 2 billion, leading to an increase in the number of people with limited 
independence. Robotics and digitization can help deliver some care services as well as 
ensure continuous monitoring and therapeutic adherence. 

 Discovering new answers to the challenges facing medicine – an example is the 
potential of genomics. New technology has made it possible to sequence the human 
genome in 24 hours for less than 1,000 USD, which has led to the rapid development 
of this field, and this offers the opportunity to dynamically create personalized 
treatments. 

2.1.4. Functions of applications of I4.0 

The applications of Industry 4.0 technologies in healthcare sector are as follows: 
1. Internet of Things: communication with distributed sensors, devices and other 

network elements, implementation of technical and healthcare solutions based on 
Internet technologies. 

2. Data analytics and healthcare optimization: the use of software for real-time data 
processing and analysis; availability of current healthcare information at the 
management level of the company (managerial dashboards); possibility of far-
reaching healthcare optimization and implementation of predictive maintenance. 

3. IT / OT integration and CPS systems: creation of cyber-physical systems (CPS), 
combining mechatronic, electronic and communication systems and software; 
integration of healthcare systems with the IT and business (management) layer. 

4. Cybersecurity: implementation of security measures to minimize external and 
internal cyber threats; strategy including an appropriate methodology for designing 
healthcare systems. 
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5. Artificial intelligence: set of technologies enabling machine learning and solving 
complex problems; implementation of advanced decision-making algorithms and 
learning systems. 

6. Additive printing (3D printing): possibilities of rapid prototyping of elements and 
production of parts with unusual shapes and functions; low and medium-volume 
production of plastics, resins and metals. 

7. Digital and digitization of production: software enabling creation of virtual 
representations of physical systems and their simulation; end-to-end product lifecycle 
management. 

8. Cloud computing: distributed computing structures enabling remote data storage and 
processing; resource virtualization and the ability to easily scale systems; concerns 
related to data security and cybercrime. 

9. Big Data: analysis of large and diverse data sets using advanced analytics and artificial 
intelligence algorithms. 

10. Virtual and augmented reality: supporting engineers and technicians during design 
and service works thanks to the use of goggles or other virtual and augmented reality 
devices; virtual training reducing the costs of introducing new employees. 

11. Collaborative robots: new generation of robots that can cooperate with people 
without protective fences; machines easy to implement (no specialists to program 
them) and flexible in application. 

12. Mobile robots: autonomous vehicles for use in company; possibility to replace 
traditional conveyors (transporters); application flexibility – easy retooling and 
programming. 

13. RFID: data storage and communication with systems healthcare and warehouse 
management; possibility to create intelligent products that communicate directly with 
healthcare machines. 

14. Mobile interfaces: portable devices providing access to healthcare information and 
controlling machines and systems; use in modern maintenance; possibility to 
implement augmented reality solutions. 

15. Blockchain: technology of distributed registers storing information about 
transactions; possibility of concluding the so-called "smart contracts" between entities 
without the existence of a guarantor in the form of a third company or institution. 

16. Geolocation: determining the geographical location using typically GPS or IP address; 
use in logistics and management of dispersed assets, vehicle fleet and remote 
employees’ teams. 

2.1.5. Benefits of applications of I4.0 

Digitization provides a powerful tool for data management, both at the level of individual 
patients and entire hospital networks. 

Large-scale systems enable efficient data transfer between various hospitals so that 
medical information follows the patient efficiently, but also enable the optimization of resources 
needed for fast and effective delivery of medical services. This type of integration also applies to 
domain solutions and medical paths, where full digitalisation gives an opportunity to automate 
processes and increase the number of accurate diagnostic decisions and effective treatment. 

One of the particularly important processes that can be fully digitized is 
pathomorphological or genetic diagnostics. It is a bull's eye when it comes to prevention and 
diagnosis of people with cancer. There are more and more projects combining different 
environments in which prevention, diagnosis, treatment and rehabilitation take place, and more 
importantly, their positive impact on patient care is visible. 
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2.1.6. Problems and shortcomings of applications of I4.0 

The main problems in using relevant applications of Industry 4.0 technologies are: 
security of data collected, stored and used in the systems and the need to have the qualified 
specialists to use the technologies. 

Processing and storage of data collected as part of the Industry 4.0 structure - it is not 
enough to collect and store data anymore. The challenge is to properly secure them and 
minimize the risk of loss or interference by unwanted persons. 

To work in industry 4.0, we need appropriately qualified specialists. Where can we obtain 
such specialists and who will pay for the preparation of such personnel? Modern technologies 
are developing extremely dynamically, so it would be necessary to provide such people with 
continuous training, so that they always have skills adequate to the current global level of 
technological advancement. 

2.1.7. Research in applications of I4.0 technologies 

The national examples of research in Poland on concepts and using the applications of 
Industry 4.0 technologies in the healthcare sector: 

 
E-prescription is an electronic document that replaces a traditional paper prescription. 

We can fill the e-prescription on the basis of a four-digit code, which patient will receive by e-
mail or SMS, depending on how we configure our Patient Account. We can also get an 
informative printout. What will we gain with an e-prescription? 

 if we are prescribed more drugs, we do not have to ask for a write-off and we will not 
lose the refund – we can buy any drug at any pharmacy 

 there is no risk of receiving the wrong medicine – the e-prescription is always legible 
 we will not lose it – all e-prescriptions are saved on our Internet Patient Account 
 we can do it at any pharmacy in Poland 
Author: Polish government, Ministry of Healthcare, Year: 2019, webpage: 

www.pacjent.gov.pl. 
 
CPR application to facilitate help for a person with emergency arrest 
In Poland, there are 40,000 cardiac arrests every year. Among people with SCA, only 7% 

survive in Poland, while in the Scandinavian countries this rate is 40% (data from the European 
Resuscitation Council). In Poland, there is no common knowledge about first aid in such cases. 

The application, containing two main modules: Automatic External Defibrillator (AED) 
locator, which will indicate where the AED is located and lead the user to it by the shortest 
route, and "Virtual Assistant", which will guide the user through the entire process of assisting 
an unconscious person. The application can complement the chain of survival, which includes: 
diagnosis of cardiac arrest, calling for professional help, early defibrillation, and medical rescue 
operations conducted by professionals. 

Increase in survival in people with SCA, thus reducing financial losses and social costs of 
death of a working age person. These are estimated by ZUS at around PLN 400,000. Improving 
the survival rate by 1% means 400 fewer deaths, which means savings of PLN 160,000,000 in 
the long term. The use of applications (smartphones) and the coverage of our country by the 
LTE network is an indispensable element of improving the operation of the National Medical 
Rescue system in Poland. 

Free augmented reality application Rockwell Automation and its partner PTC decided 
to offer free use of the Vuforia Chalk application. It is a tool that uses augmented reality (AR) 
and supports remote work of teams. It enables shortening the reaction time to incidents, remote 
service and expert support during the employee's unavailability. Available for download 
https://campaigns.rockwellautomation.com/free-access 

 
3D printing platform to help fight coronavirus 

http://www.pacjent.gov.pl/
https://campaigns.rockwellautomation.com/free-access
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Siemens has launched its Additive Manufacturing Network (AMN) portal and additive 
printing capabilities to enable faster medical product design and manufacturing. Hospitals and 
other institutions that need 3D printing, as well as designers and service providers, can use the 
place where orders for printing medical components can be made. 

AMN connects designers and suppliers of 3D printing with those willing to order such 
services to enable faster complex production of equipment and spare parts for e.g. respirators. 
Siemens engineers support the implementation of projects and orders submitted by AMN, 
including helping you convert your designs into printable files. The required components can 
then be printed on medically certified 3D printers belonging to the platform's partner 
companies. Siemens' AMN platform is available all over the world, and 3D printing service 
providers in Poland can also easily join it by registering on the website. 

 
Offer of free digital services 
ABB offers free digital solutions to support mission-critical healthcare facilities, utilities, 

and industrial and commercial facilities. 
Faced with the effects of the coronavirus outbreak, affecting almost all sectors and 

markets around the world, ABB's electrification, robotics and discrete automation businesses 
have made a decision that can help keep many businesses going. Until the end of this year, you 
can renew or subscribe for free, among others ABB Ability EDCS, ABB Ability Connected 
Services, RobotStudio and selected ABB Ability SaaS solutions. 

The electrification business ABB provides tools for critical infrastructure: from remote 
monitoring and diagnostics of power systems in healthcare applications to solutions for energy 
management, public buildings, and commercial and industrial facilities. By the end of this year, 
ABB robotics is making its key services available to customers free of charge, including health 
monitoring and diagnostics, an offline programming and simulation tool, remote 
troubleshooting, and line monitoring. The selected, free energy and resource management 
solutions available on the ABB Ability Marketplace platform are: 
 ABB Ability Electrical Distribution Control System (EDCS) – electricity distribution control 

system; 
 ABB Ability Backup Management for electrical installations – DataCare for sharing 

technical information about relays; 
 ABB Ability Connected Services – platform for monitoring the condition and diagnostics of 

robots - from single machines to the entire fleet; 
 RobotStudio – simulation preparation tool that enables the creation of digital twins. 

Three tools in the area of building automation: Building Care Service, Video Streaming and 
Storage and Remote Lock Release. 

2.1.8. Conclusions 

Big data, artificial intelligence, Internet of Things and machine learning led to the fourth 
industrial revolution in many sectors, among others in the healthcare. Industry 4.0 is about 
opening up data, standardizing systems, replacing people with system, robots and machines. 
The challenges that will be faced in Industry 4.0 include: cloud computing, global database, 
automation, networks. Due to the development of modern technologies and the growing 
influence of big data, new professions related to data engineering will appear. 

2.1.9. References 

1. http://www.zdrowepokolenia.org/uploads/news/Raport_kpmg.pdf?PHPSESSID=35qu1
06b0vup9p9i0m980sfkt55 

2. http://www.nfz.gov.pl/aktualnosci/aktualnosci-centrali/telekonsultacja-
kardiologiczna-i-geriatryczna-finansowa 

3. tp://www.ptpa.org.pl/site/assets/files/1029/wybrane_orzecznictwo_rownosc_kqed_inf
o.pdf 
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4. https://www.congress.gov/bill/115th-congress/senate-
bill/1691/text?q=%7B%22search%22%3A%5B%22S.1691%22%5D%7D&r=1 
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2.2. Review of Industry 4.0 applications in Healthcare in 
Spain 

2.2.1. Introduction 

When we talk about robots, Machine Learning, Internet of Things, 3D simulation, sensors, etc., we 
most of all tend to think about industrial environments. However, all technologies and even 
Industry 4.0 can be applied to non-industrial sectors. A clear example is its application to the 
field of medicine in general and, particularly, to hospital management, which we know as 
eHealth. The reason is because medicine and health care is a sector in which innovation is in a 
constant over time.  
 
It is evident that the health care sector could not stay out of the technological revolution in 
which we live. Furthermore, it is a pioneering sector: many innovations that today have been 
transferred to the industrial sector (such as the use of X-rays and scanners, the reconstruction 
of 3D images, the application of new materials and a good part of chemical engineering) come 
from or had their first applications in the medical field. 
 
Thanks to medicine, our life expectancy, at least in developed countries, has grown dramatically 
in recent decades. This, which is good news for everyone, is also a challenge for the healthcare 
system. The fact that we live longer has led to an increase in health demand due to the greater 
presence of age-related pathologies.  
 
A hospital is probably the most complex environment we can imagine. No industry has the 
degree of demand and, at the same time, the degree of complexity that a hospital has. Hospitals 
bring together many challenging factors for an industrial engineer: very complicated logistics 
that must work like clockwork, many different departments with different requirements, all 
equally complex, very demanding maintenance and countless different protocols and 
procedures. All of this must work in a coordinated and effective manner, with criteria of 
excellence in terms of quality and at the lowest possible cost. For this reason, the introduction of 
industry 4.0 technologies in the healthcare sector, and, specifically in hospitals, can lead to a 
great improvement of the area.  

2.2.2. Applications of Industry 4.0 technologies in healthcare 

Many of the Industry 4.0 applications are already in use in hospitals. The following are some 
important examples.  

 Sensors 
 Internet of Things 
 Automation 
 Connectivity 
 Big Data 
 Machine Learning 
 Artificial Intelligence 

2.2.3. Areas of healthcare sector 

Industry 4.0 technologies are already used in the following sectors.  
 Implant medicine 
 Surgery 
 Diagnostics centres (X-rays, sonographies, CT scans, MRI scans…) 
 Vital signs nursing 
 Patient follow-up 
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 Hospital management 

2.2.4. Functions of applications of I4.0 

1. Hospitalised patients are monitored with electronic systems: cardiac sensors, blood 
oxygen saturation meters, smart intravenous infusion pumps (smart pumps), blood 
pressure sensors… 

2. Areas such as the central analysis laboratory of a hospital have technology in which the 
vast majority of processes are carried out automatically. 

3.  Surgical robots in which the surgeon who controls them is seated in front of a control 
console are already present in many operating rooms and their applications are growing 
day by day. Similarly, many hospitals already have robotic warehouses in their 
pharmacy areas. 

4. Large hospitals have a Patient Data Management System which is nothing more than a 
data collection and processing network, which allows from remote alarm reception to 
correct identification (usually by means of bars or QR) of the electronically prescribed 
medication, the management of medical records, dietary restrictions and, ultimately, all 
the data generated by the patient before, during and after their stay in the hospital. 

5. The amount of data that is accumulated in the medical records of millions of patients in 
the health system is, without a doubt, a very valuable source of information, both for the 
prevention and improvement of the treatment of diseases.  

6. In the field of diagnostic imaging (digital radiology, CT, magnetic resonance imaging, 
etc.) and in those treatments that require intensive use of technology (such as 
radiotherapy), the most advanced equipment already incorporates algorithms that allow 
them to learn from experience, something that is of vital importance for the recognition 
of the images obtained and their rapid diagnosis.  

2.2.5. Benefits of applications of I4.0 

These are the main benefits of including Industry 4.0 technologies in the healthcare sector: 
 They improve accuracy 
 They adapt to each patient 
 They give more precision to the process 
 They improve communication 
 They reduce the risk of surgery 
 They reduce physical inventory 
 They improve planning 
 They optimise data collecting 
 They increase the quality of the healthcare system 

2.2.6. Problems and shortcomings of applications of I4.0 

The main problems in using some applications of Industry 4.0 technologies are: 
 Legal uncertainty  
 Lack of regulations 
 Mistrustful users 
 Different professional profiles in Health 
 Lack of knowledge among providers / developers and users of the Health sector 

(patients) 
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2.2.7. Research in applications of I4.0 technologies 

Below you will find detailed some of the real projects that are being carried out in our country 
related to the application of Industry 4.0 and the healthcare sector 
 

1. Authors: Sant Joan de Déu hospital and Parc Taulí Healthcare Corporation.  
Name of the project: Diabetes Excellence unit 
Years: 5 
Short description: Transform the care provision of children’s diabetes services, 
achieving a personalized medicine which offers each patient what they need based on 
the biological characteristics (clinical data) and biographical (social context).  
Methodology: Continuous subcutaneous glucose infusers and introduction of a new 
monitoring platform. Precision medicine.  
Titles of the associated papers: Creation and commissioning of the unit of excellence 
in type 1 diabetes.  
Main interesting findings: New project.  
Source: https://www.sjdhospitalbarcelona.org/ca/projectes-innovacio 
https://contractaciopublica.gencat.cat/ecofin_pscp/AppJava/notice.pscp?reqCode=view
Cn&idDoc=66936773&lawType 
 

2. Authors: Bellvitge Hospital (https://bellvitgehospital.cat/ca/inici) and DOGA company 
(http://www.doga.es/)  
Name of the project: Air v5 ventilator 
Years: In use 
Short description: New respirator model to deal with Covid-19 pandemic. 95% of the 
parts can be printed in 3D. It is designed so that it can be manufactured anywhere in the 
world cheaply and quickly.  
Methodology: It has a mechanical device powered by a DOGA brand electric engine 
mounted on a structure of parts designed with 3D technology.  
Titles of the associated papers: Different web pages 
https://bellvitgehospital.cat/es/actualidad/noticia/el-hospital-de-bellvitge-desarrolla-
un-nuevo-modelo-de-respirador-para-los  
Main interesting findings: After several prototypes, the final model has already been 
technically validated by the physicians of the Bellvitge University Hospital. 
Source: https://car3d-project.eu/car3d-project/#introduction  
https://fundaciocim.org/es/blog/la-industria-catalana-contra-la-covid-19  
 

3. Authors: University Hospital in Burgos and Asti mobile robotics 
Name of the project: Zenzoe 
Years: In use 
Short description: The robot uses ultraviolet C light to kill germs and pathogens both in 
the air and on surfaces and objects. It maximizes disinfection in horizontal and vertical 
planes.  
Methodology: It is a pilot project. Adopt technological solutions to combat the Covid-19 
and ensure the protection of its healthcare personnel and patients.  
Titles of the associated papers: 
http://zenzoe.tech/download/ZENZOE_Commercial_Industrial.pdf 
Main interesting findings: It reduces 99.9% the virus load. 
Source: https://www.astimobilerobotics.com/blog/asti-mobile-robotics-and-boos-
technical-lighting-develop-a-mobile-robot-to-fight-covid19 

https://www.sjdhospitalbarcelona.org/ca/projectes-innovacio
https://contractaciopublica.gencat.cat/ecofin_pscp/AppJava/notice.pscp?reqCode=viewCn&idDoc=66936773&lawType
https://contractaciopublica.gencat.cat/ecofin_pscp/AppJava/notice.pscp?reqCode=viewCn&idDoc=66936773&lawType
https://bellvitgehospital.cat/es/actualidad/noticia/el-hospital-de-bellvitge-desarrolla-un-nuevo-modelo-de-respirador-para-los
https://bellvitgehospital.cat/es/actualidad/noticia/el-hospital-de-bellvitge-desarrolla-un-nuevo-modelo-de-respirador-para-los
https://car3d-project.eu/car3d-project/#introduction
https://fundaciocim.org/es/blog/la-industria-catalana-contra-la-covid-19
https://www.astimobilerobotics.com/blog/asti-mobile-robotics-and-boos-technical-lighting-develop-a-mobile-robot-to-fight-covid19
https://www.astimobilerobotics.com/blog/asti-mobile-robotics-and-boos-technical-lighting-develop-a-mobile-robot-to-fight-covid19
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2.2.8. Conclusions 

It has become clear that Industry 4.0 has come to stay in our labour market and companies will 
be constantly finding new challenges. However, this transformation should also involve public 
authorities together with companies, offering training programs and also healthcare staff must 
show their availability to face these changes. 
One of the challenges posed by Industry 4.0 is related to social protection and specifically, with 
the viability of our current Social Security system. Legal instruments need to be created.  
Robotization and digitization can bring with them the disappearance of traditional jobs, but also 
there will appear new ones. Therefore, it is very important the training of healthcare 
professionals in these new jobs to compete better in the labour market of the future.  
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2.3. Review of Industry 4.0 applications in Healthcare in 
Romania 

2.3.1. Introduction 

The purpose of the document is to identify the most relevant applications of Industry 4.0 
technologies and concepts in the healthcare sector, created, developed and/or used in Romania.  
Some of the Industry 4.0 technologies used in the healthcare sector are: Internet of Things, 3D 
printing, 3D simulation, Virtual and Augmented Reality, Artificial Intelligence, Big Data and 
Robotics. 
The partners OAMGMAMR Iasi and Ludor Engineering conducted a research and used papers, 
articles and on-line sources in order to identify and describe applications of such 
technologies in the Romanian healthcare sector. 
 

2.3.2. Applications of Industry 4.0 technologies in healthcare 

The most commonly used applications of Industry 4.0 technologies in the Romanian healthcare 
sector are as follows:  

 Virtual Reality 
 Robotics 
 Internet of Things 
 3D simulation  
 Artificial Intelligence 
 Big Data 

 

2.3.3. Areas of healthcare sector 

In Romania, the Industry 4.0 technologies are used in a number of sectors, including the 
following: 

 Virtual Reality therapy 
 Treatment of Autism Spectrum Disorders with Virtual Reality 
 Treatment of Motion Sickness with VR 
 Virtual Reality in Palliative care 
 Virtual tours of dental clinics and offices 
 Robotic disinfection 
 Surgical robotics 
 Robot-assisted therapy for rehabilitation 
 3D printed prosthetics 
 3D Printing in Dentistry 
 Remote health monitoring 
 Medical learning 
 Medical research 

2.3.4. Functions of applications of I4.0 

The main functions of applications of Industry 4.0 technologies in Romanian healthcare sector 
are described below. 

1. Virtual Reality is used in psychotherapy to address a series of medical conditions: 
 Phobias (fear of flying, fear of heights, fear of needles/injections, fear of dentists, 

fear of speaking in public, fear of dogs, fear of insect, claustrophobia, etc.) 
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 Post-traumatic stress disorder 
 Attention deficit hyperactivity disorder (ADHD) 
 Obsessive compulsive disorder 
 Anxiety 
 Insomnia 
 Substance use disorders 
 Motion sickness 
 Depression 

  
2. VR is also used in the treatment of Autism Spectrum Disorders (ASD). For example, the 

Autism Voice Association (https://autismvoice.ro/) is using VR to help improve the 
recovery of children with ASD. 

3. Some Romanian clinics are using VR software in the treatment of motion sickness (1). 
4. Several Romanian hospices are using VR technology into patient care. Apart from 

treating various phobias, fears and anxiety, VR can offer patients the chance to explore 
the world outside their room, to virtually travel offering them joy and positive emotions 
(2) (3) 

5. Some Romanian dental clinics and offices are offering interactive virtual tours of their 
premises as a form of digital marketing aimed at increasing the patients’ confidence, 
attracting new clients and creating a modern image. 

6. Robotic disinfections used in Romanian hospitals in order to ensure quick and efficient 
inactivation of pathogenic microorganisms. Various robot types are employed, such as: 
autonomous disinfection robot with UV-C light, mobile disinfection robot with UV-C 
ultraviolet rays and ozone, autonomous robot for disinfection with UV light, etc. 

7. Surgical robotics is also used in Romania. For example, da Vinci Xi, a robotic surgical 
system interposed between the surgeon and the patient that helps performing a wide 
range of minimally invasive robotic surgeries: oncological surgery, digestive surgery, 
urology, gynaecology, thoracic surgery, incisional hernia surgery. The surgeon - not the 
"robot" - performs the operation and completely controls the robotic system and the 
surgical procedure. The surgeon makes all the operative movements, but with 
technology and tools that allow him to see better, to control the instruments intuitively 
and to operate from an ergonomic and comfortable position.  
The Mazor X robotic system is used in neurosurgery and cranial surgery. It is a partner 
of the neurosurgeon and is adapted for spinal neurosurgery, mainly for performing 
implantation of fixing screws in traumatic or degenerative injuries of the spine. 
Mako Robotic-arm System is used for personalized knee and hip prosthesis. Based on the 
results provided by CT, but also by 3D modelling of bone anatomy, orthopaedic 
specialists use the new robot to create a customized surgical plan and to identify the 
size, orientation and alignment of the implant, based on the unique anatomy of each 
patient. 

8. Robot-assisted therapy for rehabilitation involves the use of robotic devices like ReoGo 
for restoring the upper limb’s gross motor skills, occupational therapy, neurological 
recovery, etc. or ReoAmbulator for recovery and maintenance of walking ability. 

9. Currently, in Romania, 3D printing is used to create maxillofacial and limb prostheses. 
10.  3D Printing in used in a wide range of dentistry-related applications, including aligners, 

crowns and bridges, drilling templates for dental implants, physical models, dental 
prosthesis, etc. 

11. Remote health monitoring, often referred as “telemedicine”, is increasingly used in 
Romania, especially after the COVID19 outbreak. It’s the simplest way to get access to 
safe and good quality medical services. The most common uses are for electronic health 
record, patients remote monitoring and support during ambulance transport. 

12. Some Romanian universities and research centres use 3D simulation (biomap.ro). 
 

https://autismvoice.ro/
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2.3.5. Benefits of applications of I4.0 

Benefits of new technologies in healthcare are reflected in better service for patients, more 
complex patient data analysis, innovative services for patients, more accurate data, improved 
healthcare research, improved recycling of medical waste. 
 
Benefits of Artificial Intelligence applications 
For instance, Artificial Intelligence (AI) can examine millions of pictures and documents about a 
specific condition and automatically recognize patients showing signs of that condition. AI is 
already making its way into medical imaging technology, helping doctors to rule out conditions 
and diseases more accurately. 
Additionally, using wearable devices coupled with AI and ML (machine learning) technology 
will make it much easier to conduct large-scale clinical studies over a longer time. AI can then 
quickly analyse the findings and spot causes, effects, and symptoms that humans could easily 
miss. This could be a tremendous contribution toward treating diseases that go undetected or 
are difficult to diagnose. 
At the same time, with AI, practitioners are learning more about how to run their clinics and 
practices more efficiently. For example, AI-tools can assist in more efficient resource planning 
and management, identifying underutilized equipment, staff, or inefficient scheduling systems.  
Because machine learning allows robots and systems to learn as they work. 
According to studies, the healthcare industry’s use of AI produces important savings while 
bringing important profit. 
Wearables have already made a difference to the current healthcare landscape by helping 
people track their fitness, or calories burned on a jog. However, there’s more to smartwatches 
and other wearable devices than people realize. In the medical landscape, these tools can help 
doctors and nurses track a patient’s condition wherever they are. For instance, Apple released a 
Movement Disorder API a few years ago that allowed doctors to gather more information on 
Parkinson’s disease by tracking smartwatch wearers. Doctors can also use sensors in patient 
beds in a hospital to track things like vital signs and heart rate without constantly checking in on 
each person. 
The rise of wearables and sensors has ushered a new era of telemedicine, where nurses and 
professionals can deliver care to patients who can’t attend a hospital. With the right wearable 
devices, a patient may not need to come into the hospital for a check-up after surgery. 
Instead, they can provide their doctors with an informative update by using an app on a 
smartphone. This could also be potentially life-saving in rural areas where access to healthcare 
is limited. 
Using data and insights gathered through smart wearables and then analysed by AI and ML, 
healthcare providers can recognize changes in a patient’s condition and quickly respond by 
scheduling a preventive check-up or sending out drug prescriptions. 
 
5G is one of the leading technologies that some of the top companies in healthcare are exploring 
today. While there are many opportunities in the marketplace for things like telemedicine and 
mixed realities, these options are restricted due to poor mobile connections. 5G transmits vast 
amounts of information at incredible speed, ensuring that HD video conferencing and VR are 
possible. 
5G can also help healthcare organizations quickly access large datasets so that they can 
immediately respond to requests for help. 
Better mobile connections will also unlock opportunities for more components of the fourth 
industrial revolution. For instance, 5G can help IoT tools to connect and communicate more 
rapidly. It will also help with gathering huge amounts of data quickly to improve machine 
learning algorithms and AI capabilities. 
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Benefits of VR applications 
The application of Virtual Reality in healthcare offers the following benefits: 

 The therapy take place in a gradual, controlled environment which is safe for both 
clinicians and patients 

 VR helps patients who may experience difficulty with imagining or visualization 
 VR allows constructing exposures that may be difficult to implement otherwise 
 Treatment plans can be easily customized according to patients’ needs 
 Patients have a sense of control as they are not in a real-world setting 
 No drugs needed 
 Lower costs compared with other treatments 
 The treatment can continue at home using VR apps 
 VR allow for confidentiality while conducting exposures, which may not be possible for 

in-vivo exposures 
 In some parts of the world, senior living environments are already implementing 

virtual-reality tools to help patients with memory problems to “visit” spots from their 
memory. Doctors can make their patients feel as though they’re sitting in their childhood 
home, sparking recollection, and even improving mood in older individuals. 

 Elsewhere, VR headsets in hospitals can also offer a fantastic distraction for people 
suffering from severe pain issues or panic due to visiting a hospital. 

 VR and AR can even help to train doctors and nurses by giving them an insight into the 
human body and allowing them to practice certain skills without actually using a 
dummy or a cadaver. With more realities to explore than ever before, doctors can 
increase their skills, and deliver new kinds of treatments to customers to help with a 
range of conditions, both mental and physical. 
 

Benefits of Robotics applications 
The application of Robotics in healthcare offers the following benefits: 

 The disinfection robots are more efficient than humans, ensure an extremely high 
degree (over 99%) of inactivation of pathogenic micro-organisms, can clean hard to 
reach areas, helping to reduce nosocomial infections and the spread of infectious 
diseases. They can work anytime, day or night, are autonomous and don’t need staff to 
move them, can be remotely controlled 

 The robotic surgical systems can perform difficult and complex operations, especially in 
narrow anatomical areas where there are a number of vital structures, such as nerves, 
whose damage can lead to complications with a major impact on the patient's quality of 
life. They ensure high precision surgeries, with high accuracy, millimetric dissection, of 
diseased or damaged structures, so the complication rate decreases significantly 
compared to other types of operations. 

 The surgeon assisted by robotics operates seated, in a comfortable position, benefits 
from 3D view and does not depend on an aid for repositioning the room. To these are 
added precision, miniaturization, allowing impossible movements during normal 
manipulation, filtering the tremor of the hand and three-dimensional magnification of 
intraoperative images. 

 The surgeon arrives in spaces that he could not explore through other surgical 
techniques. 

 The robotic system minimizes the probability of human error. 
 Benefits for the patient: reduction of the size of the incisions, of the pain involved, 

decrease of the risks of infections, reduction of the hospitalization duration, faster post-
operative recovery, early socio-professional reintegration. 

 The advantages of using robotic devices in recovery therapy: accelerating the recovery 
process, improving the efficiency of recovery therapy, transforming the therapeutic 
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session into a pleasant and engaging session for the patient (especially for children) and 
Increasing patient involvement during recovery. 

 Collaborative robots, like the Da Vinci surgical robot, can assist healthcare professionals 
in the operating room, and reduce the risk of mistakes. Robots can see things and deliver 
accuracy that would otherwise be impossible to achieve for a human. Although, humans 
and robots still need to work together on providing the best health service, there’s a lot 
of potential for the future. In the years to come, robotics in healthcare could mean that 
paramedics can take a surgical device with them to an emergency call and deliver life-
saving procedures instantly. 

 One particular area of robotics that promises significant potential in the healthcare 
space is the use of robotics with machine and computer vision. This means that robots 
and computers can train to see the world and understand visual input, as well as text 
and other data. Machine vision can help doctors to know exactly how much blood 
someone loses during a procedure. These tools can also pinpoint issues with surgeries 
or determine when there’s a CT scan or X-ray problem. 
 

Benefits of 3D printing applications 
 When compared to the traditional prostheses manufacturing process, 3D printing has 

many advantages such as lower production costs, the ability to create complex objects 
and to easily customise devices. Consequently, the 3D printed prostheses are more 
comfortably, lighter and could be much cheaper. 3D printing is the perfect method to 
manufacture customised items, allowing for solutions perfectly adapted to the patient.  

 In dentistry, 3D printing enables the production of complex shapes and allows for 
flexibility, same-day implants and a complete solution that delivers reliable results. It is 
simpler than other conventional technologies, time-saving and cost-effective. 
 

Benefits of IoT applications 
 IoT enables telemedicine which in turn offers many advantages for patients, such as: 

avoiding unnecessary visits, improved quality of life through constant monitoring of 
vital parameters, convenient healthcare access in the comfort and privacy of their own 
home, lower costs, slower spread of infections, etc. The healthcare providers also benefit 
from telemedicine: reduced overhead expenses, additional revenue streams, less 
exposure to illness and infections and increased patient satisfaction. The benefit of 
telemedicine is that it also leaves practitioners with more time to treat patients with 
more severe conditions, and eliminates cumbersome commutes for patients — a benefit 
that has proved its worth during the current COVID-19 pandemic. 

2.3.6. Problems and shortcomings of applications of I4.0 

Digital and technological transformation while shortening the distance between customers and 
consumers reduces the number of workplaces even in healthcare systems.  
Technology dependence also brings a lot of pressure on the energy and internet providers. 
Jobs change fast and human resources need to adapt extremely fast to the new technological 
changes, fact that generated burnout. 
 
Shortcomings of VR applications 
The limitations of VR include the following: 

 VR immersion can induce mild and temporary discomforts such as nausea, dizziness or 
headache 

 There are no virtual environments for some anxiety disorders 
 Therapists need to be trained in order for them to be able to use VR software / 

hardware and to adjust it to each case 
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 The initial cost to setup VR therapy is quite high but as technology continuously 
improves it constantly decreases 
 

Shortcomings of Robotics applications 
The robotic surgical systems have also some disadvantages: 

 Extremely high cost, both for purchase and subsequent improvements 
 Higher cost for interventions, compared to the classic ones 
 The operating time for certain interventions is increased 
 Lack of tactile feedback, as claimed by some surgeons 
 Not all classical surgical instruments currently have robotic equivalents 

 
Shortcomings of 3D printing applications 
3D printing is, actually, an umbrella term that cover some very different additive manufacturing 
technologies which can be involved in specific healthcare applications. The cheapest technology, 
FDM, can produce affordable, customizable, and quickly made prostheses. However, as these are 
made from plastics, they have problems with durability and can break very easily.  
 
Shortcomings of IoT applications 
Telemedicine is not suited for every person or situation. Also, there are some risks related to 
medical data protection, technology and connection problems, etc. The inability to examine 
patients means that healthcare providers must rely on patient self-reports during telemedicine 
sessions and if a patient leaves out an important symptom, this can compromise treatment. 
 

2.3.7. Research in applications of I4.0 technologies 

Research in VR/AR and Robotics applications 
The International Institute for the Advanced Studies of Psychotherapy and Applied Mental Health 
(http://clinicadepsihologie.psiedu.ubbcluj.ro/) of the Babes-Bolyai University (BBU) Cluj-
Napoca integrates the Robotherapy and Virtual Reality Therapy Platform, a world-class 
research platform. The institute runs research programs such as the following: 

 Robotics/robotherapy and Virtual reality assessment and psychotherapy. Program 
coordinator: Dr. Daniel DAVID. 

 Social robots as mediators of cognitive-behavioural treatment of children with ASD – 
Coordinator: Dr. Cristina Costescu 

 Using social robots as facilitators for adaptive emotion regulation – post-doctoral studies 
carried out by Dr. Silviu Matu under the supervision of Prof. Daniel David, Ph.D. 

 
The Faculty of Mechanics, University of Craiova is involved in research work on medical robots 
applications, especially related to rehabilitation. Some research papers are available on: 
- https://scholar.google.com/citations?user=sJGRfAQAAAAJ&hl=ro&oi=ao 
- https://scholar.google.com/citations?user=Qc8KzuUAAAAJ&hl=ro&oi=ao 
 
The Computer Science and Engineering Department of University Politehnica of Bucharest is 
also involved in research regarding VR/AR applications in healthcare. A Ph.D. dissertation titled 
“Solutions based on virtual and augmented reality in healthcare” was prepared by Dr. Voinea 
Oana Alexandra and many relevant papers were published by the department members 
(https://www.cs.pub.ro/index.php/research/publications). 
 
The project TRAVEE – Virtual Therapist with Augmented Feedback for Neuromotor Recovery was 
carried out by a consortium composed from Romanian universities (University POLITEHNICA of 
Bucharest and “Gh. Asachi” Technical University of Iasi), the National Institute for Neurologic 

http://clinicadepsihologie.psiedu.ubbcluj.ro/
https://scholar.google.com/citations?user=sJGRfAQAAAAJ&hl=ro&oi=ao
https://scholar.google.com/citations?user=Qc8KzuUAAAAJ&hl=ro&oi=ao
https://www.cs.pub.ro/index.php/research/publications
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and Neurovascular Diseases from Bucharest, the National Institute of Rehabilitation, Physical 
medicine and balneoclimatology and OSF Global Services (http://travee.upb.ro/ ). 
 
 
Research in Artificial Intelligence applications 
 
Smaranda Belciug is an Associate Professor at the Department of Computer Science, Faculty of 
Mathematics and Natural Sciences, University of Craiova, Romania. Her research includes 
Artificial Intelligence, Machine Learning, Data Mining and Statistics focusing on cancer research.  
The latest book is Artificial Intelligence in Cancer: Diagnostic to Tailored Treatment, 
published by Academic Press, 2020 and covers the application of Artificial Intelligence in cancer 
management, with a focus on the following topics: 

 the role of AI during diagnosis 
 how AI can support clinicians to make better decisions 
 AI tools to help pathologists identify exact types of cancer 
 how AI supports tumour profiling and can assist surgeons 
 the gains in precision for oncologists using AI tools 
 AI uses for survival and remission/recurrence analysis 

Other relevant publications are: 
 Belciug, S., Gorunescu, F., Intelligent Decision Support Systems - A Journey to 

Smarter Healthcare, Springer Nature Switzerland AG 2020, 2019 
 Gorunescu F., Belciug S., Intelligent Decision Support Systems in Automated Medical 

Diagnosis, Advances in Biomedical Informatics, (Holmes, D., Jain, L, Eds.) pp. 161-
186, Springer, 2017 

 S. Belciug, Machine Learning Solutions in Computer-Aided Medical Diagnosis, 
Machine Learning for Health Informatics, State-of-the-art and Future Challenges, 
Springer International Publishing, pp. 289-302, 2016 

 F. Gorunescu, S. Belciug, Boosting backpropagation algorithm by stimulus-sampling: 
Application in computer-aided medical diagnosis, Journal of Biomedical Informatics, 
63:74-81, 2016 

 S. Belciug, F. Gorunescu, A hybrid genetic algorithm - queuing multi-compartment 
model for optimizing inpatient bed occupancy and associated cost, Artificial 
Intelligence in Medicine, 68, 59-69, 2016 

 
The project Scriptoman, Conversational Artificial Intelligence, was carried out in 2019 by 
RolaxIT Innovation. It’s an automatic audio-video transcription service which can be used 
successfully in the doctor-patient relationship. It turns any audio-video file into a text document 
very quickly and at a low cost. Text files have the advantage that can be easily archived and 
accessed, but most importantly they allow quick keyword searches. Doctors can look in these 
files for items of discussion with patients, for which they would otherwise have to listen to 
recording hours. It also includes chatbot for patients programming and patients’ conversations. 
Source: www.scriptoman.ro. 
 
Research in 3D printing applications 
The Centre for Gene and Cellular Therapies in the Treatment of Cancer – OncoGen developed a 
bio-3D printer to be used for printing tumour models, human tissues and vessels, etc. OncoGen 
is using 3D printing in various research projects like, for example, 3D Bioprinting Techniques for 
Building Tissue Constructs that Mimic the Tumour Microenvironment 
(https://oncogen.ro/delimit-project/ ) 

http://travee.upb.ro/
http://www.scriptoman.ro/
https://oncogen.ro/delimit-project/
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2.3.8. Conclusions  

The technology revolution is creating a unique environment for all industries to grow and 
evolve. In this new landscape, there’s no limit to what we can accomplish with robotics, 
intelligent machines, and other unique tools. With Industry 4.0, the way that patients access 
healthcare, and doctors manage hospitals will transform. 
Soon, we’ll have a world where anyone can access the healthcare support that they need in an 
instant. Doctors and nurses will deliver better outcomes, with less stress on their shoulders. 
Although it’s difficult to know for sure what the future might hold for any industry, including 
healthcare, we know that technology will have a significant impact. 
Industry 4.0 is the start of a new era for healthcare, and a better experience for both doctors and 
their patients in the years to come. 
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din-intreaga-tara/. 
3. Realitatea Virtuală (VR), terapie în boli incurabile. [Online] 2020. 
https://medikatv.ro/realitatea-virtuala-vr-terapie-in-boli-incurabile/. 
4. Agenția Ideologiq dezvoltă proiectul Digital Therapy for Autism. Rădescu, Alex. 2020, Revista 
Biz. 
5. The efectiveness of virtual reality based interventions for symptoms of anxiety and depression: A 
meta-analysis. Liviu A. Fodor, Carmen D. Coteț, Pim Cuijpers, Ștefan Szamoskozi6, Daniel David, 
Ioana A. Cristea. 1, s.l. : Sci Rep. , 2018, Vol. 8. 
6. How can we rescue the user from the Digital Transformation tornado? [Online] 
https://www.newired.com/get-digital-transformation-ebook/?gclid=Cj0KCQjw38-
DBhDpARIsADJ3kjlM0R71J8kF1CW64xVguC59O0Albdwg_bfKotqobEG81smSPQfGIcUaAoXjEAL
w_wcB. 
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2.4. Review of Industry 4.0 applications in Healthcare in 
Lithuania 

2.4.1. Introduction 

The recent adoption of a national Electronic Health Record system has helped modernize the 
healthcare system in Lithuania. An aging population ensures care providers have a growing 
number of patients assigned to them, causing an increase in the amount of paperwork they need 
to do and a decrease in the amount of time they can spend with their patient. AI systems can be 
used to optimize visits and shorten the time needed to spend on documentation, allowing 
providers to have more face-to-face time with their patients.  
Both the adoption of currently available AI systems into healthcare processes and the creation 
of new ones should be promoted if Lithuania seeks to improve the wellbeing of its citizens. 
(Lithuanian artificial intelligence strategy, 2019) 

2.4.2. Applications of Industry 4.0 technologies in healthcare 

There was a series of working groups of Lithuania Industry 4.0 round table debates and analysis 
of technological foresights. After this, working groups agreed on the following list of 
technologies that will have the biggest impact on the digitization of Lithuanian industry up to 
2030. 
The types and descriptions of the technologies align with recent recommendations from the 
working group reviewing the Lithuanian Smart Specialization Strategy. There is a strong 
correlation between Lithuanian priorities for future investment in R&D and the technologies 
described below. This list will also serve as a guide for the next funding period, 2021-2026. 
A major challenge still remains: how to turn current and future public R&D investments made 
under the Smart Specialization Strategy into commercial products which are installed and 
tested in Lithuanian industry companies and later scaled up, worldwide. 
Additive manufacturing (AM) is based on additive fabrication principles, whereby a structure 
is formed directly from a digital model. This technology overarches other technologies currently 
trending, such as 3D Printing, Rapid Prototyping (RP), Direct Digital Manufacturing (DDM), and 
goes particularly well with On Demand Manufacturing (MOD). Depending on the technique, 
additive manufacturing can easily be complemented by other technologies, e.g. lasers in the 
sintering and melting of the materials. 
Automation is a technology that enables processes to be performed without human 
participation in the technological process – and therefore replaces human workers in control of, 
or monitoring, tasks. In an industrial setting, it concerns manufacturing, material handling and 
quality control. However, not all tasks can currently be automated. Although automation leads 
to a reduction of the manufacturing workforce, supervision of the automated operations by 
employees is still necessary, in order to prevent costly and potentially hazardous malfunctions. 
Robotics is an integrative field of engineering disciplines concerned with the design of robots. 
Industrial robotics specializes in the creation of robot systems used for manufacturing. 
Industrial robots are programmable mechatronic systems with between three to eight operable 
mobile axes. Robots are either fixed (attached to the frame) or autonomous (with free 
movement on the floor or other surface). Typically, industrial robots have many and various 
applications. They are advantageous in their great endurance, speed and precision, and are 
irreplaceable in especially tedious or dangerous tasks. 
Mechatronics is a synergistic integration of engineering fields such as mechanics, electronics, 
informatics and control systems, with input from many other technological domains. 
Mechatronics is crucial in Computer Integrated Manufacturing (CIM) and in the establishment of 
Flexible Manufacturing Systems (FMS). It also forms the basis for automation systems and 
robotics; all existing Computer Numerical Control (CNC) systems are full-featured mechatronic 
systems. In the near future, mechatronics will play a significant role in Cyber-physical Systems 
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(CPS) used for monitoring, coordination, control; integrated by a computing and communication 
core. 
Smart Sensors are devices that are capable of selective detection and filtering of incoming 
information. Therefore, they allow the automated collection of data with less environmental 
noise and more accuracy. Ordinary sensors, however, can only acquire object information and 
convert it into an electrical signal, which is then transmitted to a measuring or control 
instrument. With sensors, no matter which type, measurements of almost any physical property 
can be obtained. Recent developments focus on improved performance, better integration, 
multi-parameter sensing, built-in intelligence, secure and safe operation and networking by 
design. 
Photonics is the science and technology that encompasses all technical uses of light – photon 
generation, detection, and control. Within a broad field of applications, there are a few areas 
particularly relevant to Industry 4.0, such as lasers, high-speed optical links, sensors and 
optoelectronics (e.g. LEDs). Digitization processes are expected to contribute to the convergence 
of processing and communication photonics. The latest improvements in laser technology have 
achieved shorter pulse durations, shorter wavelengths and higher power than before. In an 
industrial setting, lasers can be applied particularly well in additive manufacturing, material 
processing, photolithography, telecommunications, sensor systems and precision 
measurements. 
Internet of Things (IoT) is an interconnected network of physical devices that may contain 
electronics, software, sensors, actuators and connectivity components, by which they can 
communicate and exchange data. Industrial Internet of Things (IoT) is regarded as a subset of 
IoT and is synonymous with Industry 4.0. Therefore, its implementation is expected to create 
new business models, improve productivity, exploit analytics for innovation, and to transform 
the workforce. In manufacturing, IoT relies on the concept of Cyber-Physical Systems (CPS): the 
interface between the human and cyber worlds that would translate collected data into 
actionable information. Cloud computing and big data are also relevant in IoT. 
Cyber Security is the protection from cyberattacks of internet-connected systems of hardware, 
software and data. Industry and business analysts, as well as the EU, promote a holistic 
approach to cyber security in efforts to digitalize industry, whereby measures are integrated 
throughout the hardware and software development life cycle and across multi-layered supply 
and value chains, by design. However, the integration of physical and digital systems (also 
known as IT/OT convergence) in the paradigms of Cyber-Physical Systems (CPS), Industrial 
Internet of Things (IoT), cloud-based design and manufacturing, reveal new vulnerabilities and 
threats to value chains, smart factories and products. 
Cloud Manufacturing (CMfg) represents networked manufacturing, which is based on on-
demand access to diversified and distributed resources and operates through temporarily 
formed cyber-physical production lines. The benefits of such a model include enhanced 
efficiency, reduced product lifecycle costs and optimal resource allocation. Moreover, the cloud 
manufacturing process is agile, highly scalable, accessible and virtualizable. It incorporates big 
data and exploits best IoT and cloud computing capabilities. The effectiveness of cloud 
manufacturing can be further enhanced by integrating Business Management Systems (BMS) 
and Lean manufacturing principles in the production process. 
Automated Warehouse Management Systems (WMS) refers to software designed to control 
and administer processes associated with the inbound and outbound movement of materials 
and goods. The supervised operations include inventory management, picking and auditing. As a 
stand-alone system or a module, WMS can be integrated with an inventory management system 
and/or a transportation management system (TMS) and together, comprise parts of a larger 
Enterprise Resource Planning (ERP) system or a comprehensive supply chain execution suite. 
With the advent of Industry 4.0, the manufacturing process will increasingly be controlled by 
Cyber-Physical Systems (CPS), which, if integrated with a smart WMS, would increase their 
responsiveness and flexibility. 
Artificial Intelligence (AI) describes the ability of software or machines to imitate the mental 
proficiency of humans. In manufacturing, it allows machines to perform human-like tasks and 
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automate processes. AI can contribute to a significant improvement in productivity, as well as 
efficiency. It heavily relies on Big data, which refers to all data collected from sources within a 
smart factory, including manufacturing equipment, machine controllers, sensors, WMS/ERPs, 
etc. The aggregated input has a determinant role in the control of manufacturing operations that 
are facilitated by high-performance ICT infrastructure if IoT and CPS concepts are integrated in 
the production and services processes via the cloud. 
Augmented Reality (AR) refers to digital information overlay on an image displayed on a 
user’s device in real-time, the experience of which can be extended with other sensory aids. It is 
related to a concept of Virtual Reality (VR) and is synonymous with Mixed Reality (MR: hybrid 
reality or computer-mediated reality). In manufacturing, AR can effectively reduce occurrences 
of human error, fix inefficiencies and cut down costs as well as improve performance. A good 
example of virtual reality use in manufacturing is digital twin technology (making a virtual copy 
of – for e.g. – designs, production lines, processes, products). 
Business Management Systems (BMS) are tools for strategic planning and the tactical 
implementation of decisions. These activities mostly involve planning, monitoring and control. 
BMS can also include tools developed for Enterprise Resource Planning (ERP), Manufacturing 
Execution Systems (MES), Customer Relationship Management (CRM), Human Resource 
Management (HRM), Product Lifecycle Management (PLM), and Supply Chain Management 
(SCM). Implementation of such systems would assist in achieving vertical and horizontal 
integration: one of the goals promoted by the Industry 4.0 movement. 
This list represents the Lithuanian experts’ consensus on the technologies that will have the 
biggest impact on the digitization of the Lithuanian manufacturing industry to 2030. They are 
worth considering as areas of focus in the development of the Lithuanian Smart Specialization 
Strategy, to formulate research and public investment priorities and to inform the design of 
study and education programs. 
 
Most of them can be used in Healthcare: 

 Additive manufacturing (AM) 
 Automation 
 Robotics 
 Mechatronics 
 Smart Sensors 
 Photonics 
 Internet of Things (IoT) 
 Artificial Intelligence (AI) 
 Augmented Reality (AR) 
 

Other technologies can be used in Healthcare organization: 
 Cyber Security 
 Automated Warehouse Management 
 Business Management Systems (BMS) 

2.4.3. Areas of healthcare sector 

Industry 4.0 is based on some hardware using and global digitalization. The healthcare 
areas where Industry 4.0 can be widely used are: 

 Patient and elder people health monitoring (on-site and remotely) systems. It 
includes the hospital patients as well as patients at home. In this case can be used the 
Internet of Things, Smart sensors, artificial Intelligence and other technologies.  

 Healthcare digitalization and robotization. Using Industry 4.0 technologies is 
possible to add new quality to healthcare. Also, this allows to add higher level of 
organization of the healthcare, data analysis and managing. In this area can be used 
almost Industry 4.0 technologies  
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 Training of healthcare employers. There can be used Augmented and Virtual reality, 
Artificial Intelligence, and machine learning technologies. 

2.4.4. Functions of applications of I4.0 

The applications of Industry 4.0 technologies in healthcare sector are as follows: 
1. Internet of Things: communication with distributed sensors, devices and other 

network elements, implementation of technical and healthcare solutions based on 
Internet technologies. 

2. Data analytics and healthcare optimization: the use of software for real-time data 
processing and analysis; availability of current healthcare information at the 
management level of the company (managerial dashboards); possibility of far-
reaching healthcare optimization and implementation of predictive maintenance. 

3. IT / OT integration and CPS systems: creation of cyber-physical systems (CPS), 
combining mechatronic, electronic and communication systems and software; 
integration of healthcare systems with the IT and business (management) layer. 

4. Cybersecurity: implementation of security measures to minimize external and 
internal cyber threats; strategy including an appropriate methodology for designing 
healthcare systems. 

5. Artificial intelligence: set of technologies enabling machine learning and solving 
complex problems; implementation of advanced decision-making algorithms and 
learning systems. 

6. Additive printing (3D printing): possibilities of rapid prototyping of elements and 
production of parts with unusual shapes and functions; low and medium-volume 
production of plastics, resins and metals. 

7. Digital and digitization of production: software enabling creation of virtual 
representations of physical systems and their simulation; end-to-end product lifecycle 
management. 

8. Cloud computing: distributed computing structures enabling remote data storage and 
processing; resource virtualization and the ability to easily scale systems; concerns 
related to data security and cybercrime. 

9. Big Data: analysis of large and diverse data sets using advanced analytics and artificial 
intelligence algorithms. 

10. Virtual and augmented reality: supporting engineers and technicians during design 
and service works thanks to the use of goggles or other virtual and augmented reality 
devices; virtual training reducing the costs of introducing new employees. 

11. Collaborative robots: new generation of robots that can cooperate with people 
without protective fences; machines easy to implement (no specialists to program 
them) and flexible in application. 

12. Mobile robots: autonomous vehicles for use in company; possibility to replace 
traditional conveyors (transporters); application flexibility – easy retooling and 
programming. 

13. RFID: data storage and communication with systems healthcare and warehouse 
management; possibility to create intelligent products that communicate directly with 
healthcare machines. 

14. Mobile interfaces: portable devices providing access to healthcare information and 
controlling machines and systems; use in modern maintenance; possibility to 
implement augmented reality solutions. 

15. Blockchain: technology of distributed registers storing information about 
transactions; possibility of concluding the so-called "smart contracts" between entities 
without the existence of a guarantor in the form of a third company or institution. 

16. Geolocation: determining the geographical location using typically GPS or IP address; 
use in logistics and management of dispersed assets, vehicle fleet and remote 
employee’s teams. 
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2.4.5. Benefits of applications of I4.0 

Improved Efficiency 
Multiple areas of healthcare will become more efficient as a result of Industry 4.0-related 
technologies. For example - faster batch changeovers, automatic track and trace processes, and 
automated reporting. Management and professional decision making, also become more 
efficient. 
Increased Knowledge Sharing and Collaborative Working 
Industry 4.0 technologies allow business processes, and departments to communicate 
regardless of location, time zone, platform, or any other factor. This enables, for example, 
knowledge learned by a sensor on a patient in one place to be disseminated throughout all 
organisation. 
Best of all, it is possible to do this automatically, i.e. machine-to-machine and system-to-system, 
without any human intervention. In other words, data from one sensor can instantly make an 
improvement across multiple management points located anywhere in the organization. 
Flexibility and Agility 
The benefits of Industry 4.0 also include enhanced flexibility and agility. For example, it is easier 
to introduce new methods to the healthcare. 
Makes Compliance Easier 
Complying with regulations in fields like pharmaceutical and medical device operating does not 
have to be a manual process. Instead, Industry 4.0 technologies make it possible to automate 
compliance including track and trace, quality inspections, data logging, and more. 
Better Customer Experience 
Industry 4.0 also presents opportunities to improve the service you offer to customers and 
enhance the customer experience. For example, with automated track and trace capabilities, you 
can quickly resolve problems. In addition, you will have fewer issues with service quality, and 
you can offer customers more choice. 

2.4.6. Problems and shortcomings of applications of I4.0 

Despite the recent efforts made to move toward new edge of healthcare, there still many issues 
related to the implementation of the previous listed technologies. Many research papers and 
books tried to overview the different challenges.  
Data management: the medical field specific critic data long with technical issues including IT 
infrastructures and 5G related properties require a very specific tools capable to handle 
enormous amounts of data. 
Scalability: the newly perceived healthcare should be scalable, so the hospital platform can 
handle the entire organization collected data and can ensure equal and continuous patients or 
care provider’s access. In case the platform is in a city or community level, this means all the 
patients in all organizations in the city or the community. 
Security/ privacy/ reliability: security and privacy are the kind of challenges we are always 
dealing with. However, in a common used platform that consists of thousands or millions of 
users, generating critical and different types of data. 
Human factor: although the fact that using digital technology may make the healthcare 
affordable for many populations, healthcare digitalization does not seem to 0be applicable in 
some countries where the rate of illiterate citizens is huge and where poverty covers a wide 
range of popularity. 

2.4.7. Research in applications of I4.0 technologies 

The Lithuanian examples of research in Poland on concepts and using the applications of 
Industry 4.0 technologies in the healthcare sector: 
 
Application of artificial intelligence models in age related macular degeneration 
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Dalia Zykutė, doc. Vilma Jūratė Balčiūnienė, Danielius Visockas, Jokūbas Liutkus 
Lithuanian University of Health Sciences, Medical Academy, Faculty of Medicine,  
Kaunas, Lithuania; Lithuanian University of Health Sciences, Ophthalmology clinic, Kaunas, 
Lithuania; Vilnius Gediminas Technical University, Vilnius, Lithuania. 
 
Age-related macular degeneration is a leading cause of blindness in the western world. With 
improved imaging modalities and new advances in treatment with vascular endothelial growth 
factor inhibitors, it is possible to delay or even prevent vision loss in people with the 
neovascular form of the disease. However, meticulous surveillance with optical coherence 
tomography (OCT) is needed in order to achieve improvement of outcomes. This approach 
generates significant amounts of medical images, thus increasing the workload for retinal 
specialists. Implementation of artificial intelligence in telemedicine could improve workflow 
and health care quality. In fact, medical specialties that have imaging-based diagnostic such as 
dermatology, radiology, pathology and ophthalmology are already implementing artificial 
intelligence-based diagnostic algorithms into clinical practice. At the forefront of artificial 
intelligence in computer vision, are convolutional neural networks (CNNs) that are based on 
deep layers of artificial inter-connected neurons that are able to achieve and surpass the 
human-level classification of images. The development of such algorithms for specific clinical 
tasks requires close collaboration between developers and clinicians, with the later requiring 
deep knowledge of the stages and features of CNN development. Therefore, in this review article 
we discuss current strategies on the creation and evaluation of artificial intelligence models 
based on CNNs, as well as specific strategies that are used to classify OCT images using 
biomarkers of age-related macular degeneration. 
 
Source: Journal of Medical Sciences. April 30, 2020 - Volume 8 | Issue 15. Electronic-ISSN: 2345-
0592 
Link (10-04-2021) https://medicsciences.com/f/2020/04-
30/14_Application%20of%20artificial%20intelligence%20models%20in%20age%20related%
20macular%20degeneration%20(1).pdf 
 
Intelligent automation of dental material analysis using robotic arm with Jerk optimized 
trajectory. 
Robertas Damaševičius, Rytis Maskeliūnas, Gintautas Narvydas, Rūta Narbutaitė, Dawid Połap & 
Marcin Woźniak 
 
Many types of biomaterial analysis require numerous repetitions of the same operations. We 
suggest applying the principles of Total Laboratory Automation (TLA) for analysis of dental 
tissues in in-vitro conditions. We propose an innovative robotic platform with ABB high 
precision industrial robotic arm. We programmed the robot to achieve 3000 cycles of 
submerging for analysis of the stability and thermal wear of dental adhesive materials. We 
address the problem of robot trajectory planning to achieve smooth and precise trajectory while 
minimizing jerk. We generate different variants of trajectory using natural cubic splines and 
adopt the NSGA II multiobjective evolutionary algorithm to find a Pareto-optimal set of robot 
arm trajectories. The results demonstrate the applicability of the developed robotic platform for 
in-vitro experiments with dental materials. The platform is suitable for small or medium size 
dental laboratories. 
Researchers proposed an innovative robotic platform for in-vitro experiments and analysis of 
dental materials suitable for small or medium sized dental laboratories using an industrial 
robotic arm manipulator. The robotic arm has an industry-grade accuracy for performing 
laboratory tasks, however, the requirement to minimize jerk for material processing procedures 
introduces the need for trajectory optimization. 
The simulation results show that the proposed trajectory planning method with resampling of 
trajectory reference points followed by natural spline interpolation provides an effective 
solution for the trajectory planning problem of robotic manipulators. We adopted the NSGA II 

https://medicsciences.com/f/2020/04-30/14_Application%20of%20artificial%20intelligence%20models%20in%20age%20related%20macular%20degeneration%20(1).pdf
https://medicsciences.com/f/2020/04-30/14_Application%20of%20artificial%20intelligence%20models%20in%20age%20related%20macular%20degeneration%20(1).pdf
https://medicsciences.com/f/2020/04-30/14_Application%20of%20artificial%20intelligence%20models%20in%20age%20related%20macular%20degeneration%20(1).pdf
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multiobjective evolutionary algorithm to find a Pareto-optimal set of robot hand trajectories 
with respect to error and jerk. We achieved an optimized trajectory of robotic arm manipulator 
with a Jerk Index reduced by 35.6% and maximal jerk reduced by 18.2%, while still satisfying 
the accuracy requirements. The results in a case study involving thermocycling of teeth for 
analysis of aging process of dental adhesives demonstrated the applicability of the developed 
robotic platform for in-vitro experiments with dental materials. 
 
Source: Damaševičius, R., Maskeliūnas, R., Narvydas, G. et al. Intelligent automation of dental 
material analysis using robotic arm with Jerk optimized trajectory. J Ambient Intell Human 
Comput 11, 6223–6234 (2020). https://doi.org/10.1007/s12652-020-02605-8 
Link (10-04-2021): https://link.springer.com/article/10.1007%2Fs12652-020-02605-8 
 
First approach to ionizing radiation based 3D printing: fabrication of free standing dose 
gels using high energy gamma photons 
Diana Adlienė, Evelina Jaselskė, Viktoras Rudžianskas, Neringa Šeperienė 
Kaunas University of Technology, Lithuania, 
Oncology Institute of Lithuanian University of Health Sciences, Lithuania 
 
3D printing technique is used for the fabrication of differently shaped objects for industrial, 
research, medical and societal applications. The technique explores scanning laser beam which 
interacts with a printing material according to the printing algorithm thus fabricating the 
required 3D object. In medical field 3D printing is successfully used for fabrication of anatomic 
bone structures, the first attempts are made to print out artificial skin however there are some 
limits due to the non-equivalency of printing materials to soft tissue. 3D printing concept might 
have a big potential in radiotherapy for fabrication of tumour imitators – phantoms for quality 
control of individual patient treatment. 
Well known radiation induced polymerization of near tissue equivalent dose gels that are used 
for dose assessment in radiotherapy is a key issue for the development of the ionizing radiation 
based 3D printing. However, it is to point out, that according to irradiation scenario differently 
shaped polymerized gel parts usually are being produced inside the gel matrix and cannot be 
removed from the gel. 
The aim of this work was to develop high energy photon irradiation based 3D printing method 
for fabrication of nearly tissue equivalent free-standing 3D dose gel shapes. The first approach 
for method’s application was fabrication of tumour imitators for brachytherapy treatment. 
Free standing dose gel shapes that are produced using radiotherapy equipment might serve as 
medical phantoms (tumour imitators) having the size and shape of a real irradiated volume 
with dose distribution assessment option within this volume. Concept of this method was firstly 
proposed in our previous publication (Adlienė et al., 2015). 
Special dose gels were used as “3D printing material” for the processing of free standing dose 
gel shapes. Varying dose gel content and adjusting high energy photon irradiation parameters 
with a pre-planned cancer patient treatment procedure, 3D polymerized gel shapes as the 
separate free-standing objects were fabricated (3D printing). Comparison of the size and shape 
of produced 3D objects with the irradiation volumes pre-planned by using standard treatment 
dose planning system of radiotherapy was performed and the obtained results were analysed 
and discussed. 
Source: Diana Adlienė, Evelina Jaselskė, Viktoras Rudžianskas, Neringa Šeperienė, 
First approach to ionizing radiation based 3D printing: fabrication of free standing dose gels 
using high energy gamma photons, 
Nuclear Instruments and Methods in Physics Research Section B: Beam Interactions with 
Materials and Atoms, Volume 435, 2018, Pages 246-250, ISSN 0168-583X, 
https://doi.org/10.1016/j.nimb.2018.01.033. 
(https://www.sciencedirect.com/science/article/pii/S0168583X18300685) 
 
 

https://link.springer.com/article/10.1007%2Fs12652-020-02605-8
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Robotic surgery using Senhance® robotic platform: single centre experience with first 
100 cases 
Narimantas Evaldas Samalavicius, Vinsas Janusonis, Raimondas Siaulys, Marius Jasėnas, Olegas 
Deduchovas, Raimondas Venckus, Viktorija Ezerskiene, Renata Paskeviciute & Geda Klimaviciute 
 
Until recently, robotic surgery has been associated only with the da Vinci robotic system. A 
novel Senhance® robotic system (TransEnterix Surgical Inc., Morrisville, NC, USA) was 
introduced almost 5 years ago. Published reports on experience using this robotic platform are 
very limited. We present a prospective analysis of the first 100 robotic surgeries in abdominal 
surgery, gynaecology, and urology in Klaipeda University Hospital, Klaipeda, Lithuania. Out of 
100 operated patients during the mentioned period, 49 were female and 51 men, age range 27–
79 years, on an average 55 years. 39 underwent robotic abdominal surgical procedures, 31—
urological, and 30 gynaecological surgeries. Duration of surgery varied from 30 min to 6 h and 5 
min, on an average 2 h 25 min. Almost half 49 (49%) were operated on for malignant diseases: 
prostate cancer—27, renal cell carcinoma—1, endometrial cancer—7, ovarian cancer—1, 
colorectal cancer—13 (7 colon and 6 rectum). In-hospital stay was on an average 4 days, range 
1–15 days. There were 3 (3%) conversions: two to laparoscopy (both undergoing robotic 
radical prostatectomy) and one to open (undergoing total hysterectomy). 6 (6%) complications 
occurred during 30 postoperative days, 2 demanding surgery. According to the Clavien–Dido 
classification, they were grade II in 3, grade III in 1 and grade III b in 2 cases. There was no 
mortality in this patient population. Our experience with different types of robotic surgeries 
allows us to state that the Senhance® robotic system is feasible and safe in general surgery, 
gynaecology, and urology, and wider implementation of this system worldwide is simply a 
question of time. 
 
Source: Samalavicius, N.E., Janusonis, V., Siaulys, R. et al. Robotic surgery using Senhance® 
robotic platform: single centre experience with first 100 cases. J Robotic Surg 14, 371–376 
(2020). https://doi.org/10.1007/s11701-019-01000-6 
 
Artificial intelligence in echocardiography - Steps to automatic cardiac measurements in 
routine practice 
A Karuzas, K Sablauskas, L Skrodenis, D Verikas, E Rumbinaite, D Zaliaduonyte-Peksiene, K 
Ziuteliene, J J Vaskelyte, R Jurkevicius, J Plisiene 
 
Introduction 
The growth of artificial intelligence (AI) use in echocardiography over the past years has been 
exponential, proposing new paths to overcome inter-operator variability and experience of the 
operator. Even though the applications of AI are still in their infancy within the field of 
echocardiography, the potential of AI implies future directions and is eager to assist for 
accuracy and efficiency of manual tracings. Deep learning, a subset of machine learning 
algorithms, is gaining popularity in echocardiography as a state of the art in visual data analysis. 
Purpose 
To evaluate deep learning for two initial tasks in automated cardiac measurements: view 
recognition and end-systolic (ES) and end-diastolic (ED) frame detection. 
Methods 
A total of 230 patients' (with various indications for study) 2D echocardiography data was used 
to train and validate neural networks. Raw pixel data was extracted from EPIQ 7G, Vivid E95 
and Vivid 7 imaging platforms. Images were labelled according to their view: parasternal long 
axis (PLA), basal short axis, short axis at mitral level, apical two, three and four chambers (A4C). 
Additionally, ES and ED frames were labelled for A4C and PLA views. Images were de-identified 
by applying black pixel masks to non-anatomical data and removing metadata. Convolutional 

https://doi.org/10.1007/s11701-019-01000-6
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Neural Network (CNN) architecture was used for the classification of 6 different views. A total of 
34752 and 3972 (5792 and 662 per view) frames were used to train and validate the network, 
respectively. Long-term Recurrent Convolutional Network (LRCN) combining temporal and 
spatial cognition was used for ES and ED frame detection. A total of 195 and 35 sequences with 
a length of 92 frames were used to train the LRCN. 
Results 
CNN for view classification had an AUC of 0.95 (sensitivity 95%, specificity 97%). Accuracy was 
lower for visually similar views, namely apical three-chamber and apical two-chamber. Training 
for ES and ED detection was achieved when training LRCN for regression instead of 
classification of each frame. LRCN for cardiac cycle evaluation had an average Framed 
Difference (aFD) of 2.31 (SD±2.15) for ED and 1.97 (SD±2.04) frames for ES detection which 
corresponds to error rate of about 0.04 s. 
Conclusion 
Determining echocardiographic view and evaluating cardiac cycle are the first steps in 
automating cardiac measurements. We have demonstrated the potential of two deep learning 
algorithms in accomplishing these tasks. Initial results are promising for the development of 
neural networks for cardiac segmentation and measuring of anatomical structures. 
 
Source: A Karuzas, K Sablauskas, L Skrodenis, D Verikas, E Rumbinaite, D Zaliaduonyte-
Peksiene, K Ziuteliene, J J Vaskelyte, R Jurkevicius, J Plisiene, P1465 
Artificial intelligence in echocardiography - Steps to automatic cardiac measurements in routine 
practice, European Heart Journal, Volume 40, Issue Supplement_1, October 2019, ehz748.0230, 
https://doi.org/10.1093/eurheartj/ehz748.0230 

2.4.8. Conclusions  

Using Industry 4.0 technologies in Healthcare sector can make the Healthcare services more 
efficient and more flexible. But there are also few challenges – human factor, data managing, 
sector digitalization, etc. 
Lithuanian researchers do a lot of research of Industry 4.0 technologies. Some of these 
researches are also in the field of health care. 
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2.5. Review of Industry 4.0 applications in Healthcare in 
Malta 

2.5.1. Introduction 

The first industrial revolution started in the 1780’s, and there have been four industrial 
revolutions ever since. The fourth industrial revolution is currently taking place and forming the 
future of manufacturing as well as healthcare. It is better known as Industry 4.0. 
 
The four industrial revolutions are depicted in Figure 1.1. The first industrial revolution took 
place between 1760 and 1830 in Great Britain, where iron, coal and textile industries started to 
from. Having an economic advantage over the rest of the neighbouring European countries the 
British did not allow the export of machinery or skilled workers. In the early 1800’s in Belgium 
two Englishmen started the first machine shops, using steam power for industrial applications 
[1]. 
 

 
Figure 5.1: The four industrial revolutions 

 
While Great Britain and Belgium were undergoing the first industrial revolution, France was 
going through a different revolution, the 1789 Revolution. Due to the instability brought with it 
investments in machinery and factories was very limited. Such uncertainty caused France to fall 
behind in the industrial race. Even after the revolution settled and factories were built with 
modern machinery France was still behind Great Britain [1]. The image in Figure 1.2 shows how 
the industrial revolution spread across Europe. 
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Figure 5.2: The Industrial Revolution across Europe [1] 

 
New forms of energy such as electricity, gas and oil started to be used in factories for more 
efficient manufacturing and this gave way to the second industrial revolution. The demand for 
steel was also on the rise as more factories were being built. The telegraph and telephone were 
also invented during this time and such inventions facilitated communication. Further 
developments of the steam train and building of new railways also meant that travelling times 
were cut much shorter. Figure 1.3 shows two machines that played a major part during the 
second industrial revolution. Henry Ford of the Ford Motor Company adopted the method of 
mass production to reduce the final cost of the product and make the factory more efficient. This 
method was then adopted by other factories as it made the final products more affordable [2]. 
 
The third industrial revolution took place in the second half of the 20th century, during which a 
new power source was discovered, nuclear energy. This industrial revolution saw huge leaps 
forward in the development of semiconductors thanks to the improvement in metrology, 
making microprocessors ever smaller and more powerful. The machine shown in Figure 1.4 is 
the very first mass produced electronic computer sold by IBM. It was the transition from storing 
and processing data using punched cards to one with an electronic memory [3]. 
 

 

Figure 5.3: The telephone and steam train, two significant inventions from the first two 
industrial revolutions 
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Figure 5.4: 1952 IBM data processing machine 

 
The fourth industrial revolution is an evolution of the third one as computers are used to 
facilitate production lines and manufacturing by making use of the internet. Unlike the previous 
industrial revolutions there is no particular energy source behind this industrial revolution, but 
the advancements in internet technology makes it possible. The term Industry 4.0 was first used 
in Germany in 2011, and has been used ever since to characterise the fourth industrial 
revolution. Using modern internet technology, the factories can be digitised (hence the term 
Digital Factory) and more connected, thus giving the possibility to monitor and enhance every 
step of the production line. Machines can now be controlled using handheld devices and remote 
computer networks which means that one does not have to be physically present to monitor the 
machinery. Some of the different aspects of Industry 4.0 are shown in Figure 1.5, as it can be 
noticed the internet is the main pillar. The consumer is put in the centre of activities thanks to 
the digitisation of the product lifecycle, leading to an innovation economy. The workers are 
placed in the centre of production and this makes the process more sustainable. 
 

 
Figure 5.5: The increased automation and remote access to machinery results in an improved 

work life balance and more control of the whole production process [4] 
 

With so many devices connected together, data needs a place to be stored, this is where “the 
cloud” comes in. Cloud computing is the backbone of industry 4.0 as it allows data to be 
remotely retrieved and stored. The basic system architecture of cloud computing is shown in 
Figure 1.6. 
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Figure 5.6: Architecture of cloud computing [5] 

 
Huge quantity of data is constantly being stored from different machines, sensors and 
computers, this is called “big data”. This refers to the large volume, high variety or high velocity 
data sets which normal databases cannot process. To cater for such data sets technologies such 
as machine learning and data mining are used. 
 
To summarise, Industry 4.0 encompasses various forms of technological advancements some of 
which are: cyber-physical systems; network communications; big data and cloud computing, 
augmented and virtual reality. All these technologies enhance the human-computer cooperation 
and interaction [6]. 

2.5.2. Applications of Industry 4.0 technologies in healthcare 

Varoius Industry 4.0 technologies are used in the healthcare sector. Some of which are: 
 

 Cloud computing 
 Internet of things 
 Big data management 
 Cryptography and cybersecurity 
 Virtual and Augmented reality 
 Machine learning 
 Artificial intelligence 
 Robotics 
 Additive manufacturing (such as 3D printing) 
 Cyber-physical systems 

2.5.3. Areas of healthcare sector 

The healthcare sector makes use of Industry 4.0 technologies in various branches: 
 

 Patient record management – cyber security, cloud computing and big data 
 Dentistry and implantology – 3D printing 
 Medical training of doctors and surgeons – Virtual and augmented reality 
 Telemedicine – Internet of things 
 Medical laboratories – Robotics 
 Patient care and treatment - Machine learning 
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2.5.4. Functions of applications of I4.0 

Cloud computing: Hospitals are shifting to cloud based computing for storing data as this 
reduced the need to have servers onsite. The EHR’s (Electronic Health Records) are also stored 
on the cloud and can be retrieved more easily [7].  
Big Data (BD): Used in the healthcare sector to process to manage the enormous volume of 
patient records. Using this technology patterns in patient’s health can be noted before the 
symptoms can be felt and so treatment for certain illnesses can be carried out [8]. 
Internet of Things (IoT): Connectivity between devices reduces the burden on hospital staff as 
they are able to monitor vital signs of the patient remotely. Wearable sensors that monitor the 
patient and sends valuable information to the carer, thus enabling the carer to monitor multiple 
patients [9]. 
Cryptography: Patient’s medical records stored electronically in the cloud, are extremely 
confidential and to make sure that only the authorized personnel can access this data, various 
layers of encryption are applied. 
Virtual and Augmented reality: Virtual Reality headsets are being used to train doctors and 
surgeons on performing surgeries and medical procedures. Studies show a significant boost in 
performance when VR technology is used during training as the procedure becomes more 
comprehensive and the experience more immersive. 

2.5.5. Benefits of applications of I4.0 

There are numerous benefits of implementing Industry 4.0 technologies in the healthcare 
sector, some of which are: 
 

 Conditions and diseases can be identified quicker and more accurately using machine 
learning technology and AI for medical imaging. 

 Patients do not have to travel to hospital for regular or post operation check-ups as 
wearable sensors enable remote monitoring. Such technology is especially useful in 
countries where patients have to travel long distances or during a pandemic which we 
are currently going through were the hospitals are already overloaded. 

 During operations the use of augmented reality and robotics can significantly increase 
the accuracy and success of the procedure 

 Medical students who make use of VR and AR during their studies have demonstrated a 
significantly improved understanding of the procedures. They are also faster and more 
accurate during the operation. 

 Telemedicine and online VR/AR systems used in healthcare sectors would not be 
possible in areas with poor internet connectivity but with the use of 5G technology this 
is slowly improving. 

 Implants and prostheses have seen a major improvement since the use of 3D printing as 
they can be specifically tailored to the patient  

 Having the patient’s medical records stored on the cloud makes them more easily 
retrievable and efficient. 

2.5.6. Problems and shortcomings of applications of I4.0 

I4.0 technology has numerous advantages for the patients but there are also some downfalls 
such as: 
 

 Human interaction – technology can never replace the human interaction between the 
patient and a medical expert, as specific questions and concerns cannot be asked to a 
machine. 

 With increased presence of computers and machines some people may feel more 
isolated 



Industry 4.0 applications in healthcare 

40 

 The internet connectivity that is required for the technologies mentioned in the previous 
sections is not always present and internet access is not available to everyone 

 Some patients may not be tech savvy and technological devices may create anxiety as 
they are not familiar with them 

 Electricity supply is needed, this can be affected by a poor power connection, weather 
conditions or natural disasters. If the electricity supply is cut, there is a chance that the 
medical team/patient becomes stranded. 

2.5.7. Research in applications of I4.0 technologies 

Authors: Dr Tracey Camilleri, Prof. Ing. Kenneth P. Camilleri and Dr Owen Falzon 
Name of the project: BrainApp – Brain controlled applications 
Short description: A Brain Computer Interface (BCI) gives a person the ability to 
communicate with and control machines using brain signals instead of peripheral 
muscles. 
Methodology: In the proposed system, stimuli are associated to commands, and EEG 
signals are processed to detect the intent associated to the brain pattern. 
Source: https://www.um.edu.mt/eng/sce/ourresearch/fundedprojects 

2.5.8. Conclusions  

Evidently I4.0 will transform healthcare in a positive way by making it accessible to more 
people as well as more affordable. Using technology, doctors, surgeons and other professionals 
in this sector will be able to benefit from more engaging tuition, earlier diagnosis and more 
precise surgical procedures. Healthcare professional will also be able to monitor patients 
without being physically present, which means patients will have a more independent life 
without the need to go for frequent check-ups. 
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3. VET GUIDELINES REGARDING INDUSTRY 4.0 
APPLICATIONS IN HEALTHCARE 

3.1. Introduction 

Fourth Industrial Revolution is known as Industry 4.0, which is the concept of achieving faster 
innovation in manufacturing with increased efficiency in the supply chain. In the medical field, 
Industry 4.0 seems to provide extensive applications towards the creation of customised 
implants, tools and devices. This revolution provides a better way of using information, 
manufacturing services to provide improved quality of life. Therefore, it provides new 
opportunities in manufacturing and extends the boundary of innovation through the application 
of the Internet of things (IoT) and the Internet of serv ices. Industry 4.0 enhances the smart 
manufacturing system that helps to strategize support in manufacturing, medical and associated 
fields. It includes mobilisation of computing power that handles data and creates the ability to 
access data from anywhere. It consists of intelligent sensors which help to communicate 
machine processes, maximise production efficiency and minimise the cost. Industry 4.0 is the 
combination of the automation process, manufacturing units and smart machines. It consists of 
digitisation, IoT, internal connected network, human resources for supervision Supervisory 
Control and Data Acquisition (SCADA), robots for automation of many critical functions, valves, 
sensors, actuators, PLC system, communication protocols and cyber security. It uses artificial 
intelligence (AI) to share information digitally in hospitals and enables to create full visibility in 
operation that provides a higher level of information about quality, inventory, and raw material, 
waste, output, assets and customer demand visibilities, help industries to save time and money 
and improve customer satisfaction. It creates a good relationship between the supplier and 
manufacturer. Industry 4.0 has an extensive capability to fulfil varied requirements in medical 
and its associated fields. It uses AIby which machines and other technologies are programmed 
similar to human intelligence. Industry 4.0 connects products, smart materials and machines 
and generates data from many locations. This revolution is a self-managed production process 
in which both machines and products know about their capacities, state and configuration 
options to optimise production efficiency. It creates an intelligent and highly flexible 
manufacturing system. In the medical field, Industry 4.0 helps manufacture any customised 
implant as per the requirement of the individual patient with the help of different software and 
specific machining technologies. It meets the demands of personalised solution such as 
bioelectronic medicines, detection of glucose levels, electronic-based testing and next-
generation inhalers. Industry 4.0 brings supplier and customer together in which production 
order is directly sent to the machine, facilitating the conversion of data into components. 
Complex customised products/parts can be manufactured easily in a fraction of time. It also 
reduces inventory by digitally storing the product/medical data. 
Industry 4.0 performs various functions and profits among all the previous revolution because it 
solves various medical problems with the interdisciplinary approach. It is a suitable industrial 
revolution for automation. It provides flexibility in design and manufacturing by which 
production system is digitally controlled. Industry 4.0 is to perform the following functions 
when adopted in the medical field: Maximise productivity; Analyse data of the patient which is 
helpful for different medical technologies; Digitally store medical data and provide awareness 
about the next level of diseases; Increase accuracy; Reduce time and cost; Improve quality; 
Reduce inventory by storing patient data in the digital computer-aided design (CAD) file; 
Reduce paperwork; Improve material management; Improve tooling management; Efficiently 
manufacture customised implants as per patient match using sensor-based smart components; 
Apply right control processes for complex surgeries; By the applications of sensor system and 
digital technologies, it can automatically track new diseases; Create a centralised information 
system in the hospital; Detect data of the patient and determine relative information. Industry 
4.0 can help innovation in the medical field to fulfil different requirements.  
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In the medical field, Industry 4.0 focuses on the design and manufacturing and helps perform 
different cases precisely. It is used for manufacturing of customised medical implants, tools and 
other devices to meet the varied requirement of the individual patient. It can efficiently solve 
the problem by the application of its various components which helps to meet the requirements 
of the medical field. Industry 4.0 provides extensive contributions in the medical field with the 
help of innovative designing and smart manufacturing system. It efficiently manufactures 
complex shaped medical implants with a wide variety of materials that make the surgeon’s job 
easier with minimum risk. Surgeons and doctors can convert a need/idea into reality which 
provides a comprehensive opportunity for the manufacturing of modified medical implant as 
per requirement of the patient. To save cost and time of surgery, it enhances the opportunities 
to create a new innovative medical product which can also be helpful for research and 
development purposes. Industry 4.0 provides excellent flexibility to create smart industrial and 
medical models which help to improve communication between doctors and patients. It uses 
the innovative concept of holography and virtual reality. It reduces risk and analyses the data of 
the patient to increase the overall performance. Industry 4.0 uses different innovative devices 
that can quickly detect the glucose, sugar and cholesterol level of the patient. 
In future, Industry 4.0 will show opportunities for innovation using integrated innovative 
design, manufacturing and services. During research and development, it will play a significant 
role to achieve the requirement of medicine. In future, Industry 4.0 will move towards mass 
production systems and adapt to the world-class manufacturing system. It enables to create 
smarter medical products in lesser time and cost. This revolution will change all management 
and treatment system of the patient. With the help of smart manufacturing technologies, 
medical students can be well trained to detect problems and correlate them to take future 
action. With the help of smart technologies, data from different patients are collected and 
analysed. Industry 4.0 offers new opportunities that create innovations by bringing new tools, 
devices and implants as per patient match. Different challenges regarding price, speed and 
complexity can be easily solved. The hospital will also change its way to purchase different tools 
and devices. By the use of the different device, it can monitor calorific intake. It can become a 
new path that helps to treat an illness such as diabetes, asthma and arthritis (Javaid and Haleem, 
2019). 

3.2. The objectives of learning and general description 

Learning objectives are a best practice in training that, in their most basic form, are a 
statement of what learners should be able to accomplish by the end of a learning process. 
Additionally, they are a way for the presenter to clearly and transparently define the goals of the 
training. Creating no more than three to four specific learning objectives will allow the learner 
to self-reflect throughout the learning event on his or her progress toward mastering the 
defined critical information.  

In order to plan and implement an effective training program for professionals, it is 
important to understand and address the Principles of Adult Learning. Malcom Knowles’ 
research on the distinct characteristics of adult learners began in the 1950s and is the basis for 
the majority of adult learning theories. Adult learners have unique characteristics, as identified 
by Knowles, including that they are goal-oriented look for relevancy in their learning. Stating 
clear learning objectives for a training helps the learner identify the goals and desired outcomes 
of the training1. 

When constructing a learning objective, there are two distinct parts: the action verb and the 
performance standard. The action verb provides clear measures of mastery of demonstrable 
learning outcomes. Some examples of strong action verbs include: define, contrast, write, 
explain and evaluate. The action verb also reflects the rigor of the learning objective. Bloom’s 

                                                             
1 https://cdn.ymaws.com/www.mpha.org/resource/resmgr/docs/Writing-Effective-Learning-O.pdf 
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Taxonomy, created in 1956 to encourage higher-level thinking, is an effective tool for trainers to 
ensure that they are creating rigorous learning objectives.  

The bottom level of the taxonomy, known as the “knowledge” domain, represents low-level 
learning and includes action verbs including recall, define, recognize and list. As you move up 
the levels of Bloom’s Taxonomy, the level of thinking required increases. Choosing action verbs 
in the different levels of Bloom’s Taxonomy will help classify the cognitive level of learning to 
both the presenter and the learner.  

The second part of creating a learning objective is determining the performance standard. A 
performance standard is the measure by which learners will demonstrate mastery. There are 
three types of learning objectives: cognitive, psychomotor and affective. Cognitive learning 
objectives aim to increase the participants’ general understanding of concepts and processes. 
Psychomotor learning objectives seek to determine whether a learner can accurately complete a 
task or demonstrate a skill. Finally, an affective objective is designed to influence attitudes and 
outlooks. Identifying the type of learning objective will assist the presenter in choosing the 
appropriate performance standard, instructional strategies and assessment tool, if applicable.  

A poor example of a learning objective is, “Participants will be exposed to information 
about new laws passed in 2016 that impact public accountants.” The verb “exposed” does not 
indicate any measureable action for the learner to demonstrate mastery of the learning 
objective.  

A good example of a learning objective is, “By the end of this training, learners will be able 
to identify the changes in the updated resuscitation guidelines.” The action verb of this objective 
is “identify” and the performance is pinpointing the changes in the updated resuscitation 
guidelines. The time frame noted at the beginning of the objective tells the learner when this 
learning goal should be met.  

Learning objectives should be used in all effective learning events. Constructing a learning 
objective that has both an action verb and a performance standard will help learners identify 
the key information as well as the goals of the training. Encouraging trainers to promote their 
learning objectives will result in participants who are prepared to engage with the desired 
outcomes of the training.  

Vocational education and training (VET) responds to the needs of the economy, but also 
provides learners with skills important for personal development and active citizenship2.  

VET can boost enterprise performance, competitiveness, research and innovation and is a 
central aspect of successful employment and social policy. VET systems in Europe can rely on a 
well-developed network of VET stakeholders. These networks are governed with the 
involvement of social partners, such as employers and trade unions, and in different bodies, for 
example chambers, committees and councils. Vocational education and training (VET) systems 
consist of initial and continuing VET. Continuing VET (C-VET) takes place after initial education 
and training or after beginning working life. It aims to upgrade knowledge, help citizens to 
acquire new skills, retrain and further their personal and professional development.  
C-VET is largely work-based with the majority of learning taking place in a workplace. 

On average, 50% of young Europeans aged 15-19 participate in I-VET at upper secondary 
level. However, the European Union (EU) average masks significant geographical differences in 
participation ranging from 15% to more than 70%. 

Individuals pursue adult learning for a variety of reasons: to enhance their employment 
prospects, to develop personally or professionally and to obtain transferrable skills, such as 
critical thinking. Adult learning also contributes to improving social cohesion and promotes 
active citizenship. 

Increasingly, individuals must rely on continuous professional development to 
remain competitive on the labour market. A focus on adult learning is, therefore, vital for 
Europe to overcome economic challenges it is currently facing, as well respond to the demand 
for new skills and sustained productivity in an increasingly digitalized world economy.  

                                                             
2 https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan 

https://ec.europa.eu/education/policies/european-policy-cooperation/inclusive-education_en
https://ec.europa.eu/education/policies/european-policy-cooperation/education-jobs-and-growth_en
https://ec.europa.eu/education/education-in-the-eu/digital-education-action-plan_en
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The Digital Education Action Plan (2021-2027) outlines the European Commission’s vision 
for high-quality, inclusive and accessible digital education in Europe. It is a call to action for 
stronger cooperation at European level to: 

 learn from the COVID-19 crisis, during which technology is being used at an 
unprecedented scale in education and training 

 make education and training systems fit for the digital age 
General description of the program should explain the target audience to whom the 

program is being relevant. General description should contain the aim the program and context 
analysis. 

3.3. Learning outcomes of the programme 

Bloom and colleagues (1956) created three learning taxonomies (cognitive, affective, and 
psychomotor) as a way to understand how learning happens. For example, cognitive complexity 
can be understood as six levels or processes which lead to greater cognitive complexity. The six 
processes were reframed in 2001 (Anderson, 2001), but the concept of ordering cognitive 
complexity remains the foundation of the framework.  

Bloom’s taxonomy can be particularly useful for developing critical thinking on a topic. The 
concept of a pyramid is intended to show how cognitive processes build on prior knowledge. 
Higher order functioning can only occur if there is a foundation. It is recommended that course 
learning outcomes include more than one of Bloom’s orders, depending on the nature of the 
course.  

Despite these clear advantages, monitoring the outcomes of non-formal learning also poses 
a number of challenges. On the one hand, the fragmentation and decentralization of the sector 
make data collection complicated. On the other hand, while adult education presents various 
benefits, affecting different spheres of learners’ life, from labour market prospects to health, not 
all of these benefits are known or easy to measure quantitatively. There exists therefore a bias 
towards collecting only information on the easily identifiable benefits, which may provide only 
an incomplete picture. Furthermore, learning is a long-term activity whose outcomes will 
strongly depend on past and future actions and may materialize in the long-run only. This may 
hamper the ability to detect changes in the short term3. The type of outcome data to collect 
crucially depends on the goals against which performance should be assessed and how the 
information will be used. Yet, some general rules apply. For instance, one best practice is to use 
a broad set of indicators related to different areas of a learner’s life. Clearly, the costs associated 
with data collection are important and will increase with the number of data indicators to 
include. Any decision to add an indicator should therefore carefully weigh the costs against the 
benefits. In some cases, complementary data sources, when they exist, may also help to save on 
the costs associated with data collection (Schumann, 2016).  

3.4. Learning and teaching strategies. Training methods 

Vocational education at tertiary level intends to develop craftsmanship, practical 
experience and practical problem-solving and to “prepare people for careers in higher level 
technical, professional and managerial positions through the provision of job-specific skills” for 
it is the role of higher education to enhance learners’ knowledge, skills, attitudes and abilities, 
and simultaneously empower them as lifelong, critical and reflective learners for the sake of 
employability4. 

Vocational teaching and learning depends on a clear line of sight to work; collaboration 
between employers, trainers and providers for the design and delivery of vocational programs; 

                                                             
3 https://epale.ec.europa.eu/sites/default/files/oeso-rapport-2019-monitoring-learning-outcomes-of-
adult-learning-programmes.pdf 
4 https://files.eric.ed.gov/fulltext/ED495131.pdf 

https://files.eric.ed.gov/fulltext/ED495131.pdf
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“dual” professional teachers with occupational and pedagogical knowledge and skills; and 
access to industry facilities and resources with recent technology and standard. Going into 
deeper, the concept of vocational pedagogy deals with the outcomes of vocational education, 
identity of vocational teachers, models of and analogies for vocational education, and teaching 
skills, teaching relationships, teacher reflection and teaching models and teaching context. More 
specifically, vocational pedagogy is concerned with:  

 integration of theory and practice; 
 use of variety of learning environments like real or stimulated workplace, classroom and 

workshops settings; 
 use of authentic tasks in real or real-like contexts through practical problem solving, 

hands-on activities and reflection; 
 responsiveness to diverse individual needs; 
 contextualized teaching and learning embedded in communities of practice; 
 collective and collaborative approach to teaching and learning; 
 coaching and mentoring; 
 use of variety of assessment and feedback methods; 
 eclectic and pragmatic approach to teaching; 

Due to direct links with labour market, effectiveness of vocational education and training 
has been widely measured with the use of performance-oriented outcomes. Since the skills, 
knowledge and understanding provided through vocational education is necessary for the 
growth, productivity and competitiveness of economies responsiveness of vocational education 
to the labour market has been the main objective and concern of policy makers, social partners 
and vocational education providers (World Economic Forum Global Agenda Council on 
Employment, 2014).  

3.4.1. Student-driven learning with advanced technology 

Advanced technology facilitates students’ learning by providing learning opportunities 
whenever they want to learn more to meet their own needs, to whoever wants to interact with 
their peers and faculty to share valuable information, and with whatever resources they can 
access regardless of geographic location. 

3.4.2. Active learning with individualization 

High technology has allowed individualized learning by increasing students’ interest. 
Virtual patient simulators facilitate students’ learning as they offer venues for practicing the 
diagnosis of medical abnormalities without risk of patient harm and for observing abnormal 
pathology not otherwise readily available through live patient encounters. Personalized 
augmented reality systems could also help to promote autonomous learning by reducing 
laboratory materials and instructor costs. These resources are more interactive and interesting 
than textbooks because information can be embedded and/or superimposed upon reality. 

3.4.3. Social interaction 

Technology has also facilitated social interaction with peers and faculty through 
computers or mobile devices, anytime and anywhere. One online learning community provided 
students with an opportunity to practice clinical skills and interact with peers and faculty via 
student-initiated video recordings of a live patient encounter using readily available devices and 
individualized feedback from faculty, in spite of widely dispersed student-faculty placements 
and the heavy schedules of faculty during the clerkship. Mobile devices used to deliver video 
tutorials and remote online peer-tutoring in clinical skills enabled the students to build a good 
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rapport and enjoy distance learning between two continents at a time convenient to both tutors 
and learners. 

3.4.4. Resource accessibility 

Advanced technology has enabled students in resource-limited settings to connect to 
other learners, faculty, and even other curricula. Distant peer-to-peer e-learning has encouraged 
students to expand the scope of health beyond the limit of their resources and to understand 
how heath care works differently in different cultures. An exchange program offered students 
the chance to experience the organization and delivery of health care in the country of exchange 
and be aware of significant cultural and health care organization diversity. 

The last approach would be confronted with technical problems such as errors in 
computer programs and unstable Internet connection as a lack of infrastructure in developing 
countries, and difficulties to find mutually suitable time for real-time communication because of 
a time lag in distant learning. 

It was found that early experiences and longitudinal integration are important factors for 
the future. As technology is rapidly changing, medical education is moving toward integration in 
order to facilitate contextual and applied learning, and to develop problem-solving skills on the 
basis of uncertainty. Early experiences and longitudinal integration helped students increase 
their motivation and deepen their understanding of patient care.  

The learning environment in medical education has extended into society, beyond the 
confines of the teaching hospital. Future physicians will be faced with more complex health 
problems in society and more heterogeneous patient populations. A community immersion 
program gave students the opportunity to get involved with community health institutions 
prior to the beginning of clinical clerkships. Ultimately, hands-on experience of collaborating 
with the community enabled students to respond to a health problem with its biopsychosocial 
and cultural complexity and develop their social accountability and responsibility. 
Incorporating health and social issues based on differences in gender, race, ethnicity, age, 
religion, and socioeconomic background into medical education has been highlighted as helping 
students learn to respect patient diversity and raising their awareness of health care disparities. 

Learning materials equipped with advanced technology have been provided to students to 
drive individualized learning, interaction with peers and tutors, and access to rich sources of 
information. Virtual patient and augmented reality simulations can offer realistic medical 
conditions without risk of patient harm and facilitate students’ learning and engagement. 
Mobile and online learning are able to supplement students’ learning and enhance peer-to-peer 
or student-to-faculty interaction using readily available devices. Even in limited resource 
settings, e-learning helps students to connect with their peers, tutors, and curricula all over the 
continent. There are some considerations of digital learning with advanced technology, although 
it has many technical advantages. Careful consideration must be given to ethical and moral 
challenges because computer-based learning and artificial intelligence algorithms may be 
programmed to be biased against certain groups or skewed toward any interests. Most of all, a 
humanistic approach should be prioritized for future physicians to deal with biopsychosocial 
complexity of patients that are not easily accessible to machines. Especially in the distance 
learning, it is necessary to arrange mutually convenient times for interaction. Even if learners 
are in different geographical areas from instructors and other learners, online collaborative 
learning is effective when they have the feelings of connectedness with and belonging to others, 
that is, emotional bonding and support. Nevertheless, it does not simply imply turning the 
traditional lectures to online collaborative learning because students’ motivation and their 
interaction depend on the course structure, which should be designed to encourage students 
engage in discussions and collaborate on projects5. 

                                                             
5 https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-019-1891-5 
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3.5. Assessment methods  

Assessment is entering every phase of professional development (Tabish, 2008). 
Assessment and evaluation are crucial steps in educational process. Before making a choice of 
assessment method, some important questions must be asked: what should be assessed? Why 
assess? For an assessment instrument one must also ask: is it valid? Is it reliable? Is it feasible? 
What is assessed and which methods are used will play a significant part in what is learnt. A 
wide range of assessment methods currently available include essay questions, patient 
management problems, modified essay questions (MEQs) checklists, OSCE, student projects, 
Constructed Response Questions (CRQs), MCQs, Critical reading papers, rating scales, extended 
matching items, tutor reports, portfolios, short case assessment and long case assessment, log 
book, trainer’s report, audit, simulated patient surgeries, video assessment, simulators, self-
assessment, peer assessment and standardized patients. 

Assessment has a powerful positive steering effect on learning and the curriculum. It 
conveys what we value as important and acts as the most cogent motivator of student learning. 
Assessment is purpose driven. In planning and designing assessments, it is essential to 
recognize the stakes involved in it: the higher the stake, the greater the implications of the 
outcome of the assessment. The more sophisticated the assessment strategies, the more 
appropriate they become for feedback and learning. 

Measuring progress in acquiring core knowledge and competencies may be a problem if the 
exams are designed to measure multiple integrated abilities, such as factual knowledge, 
problem solving, analysis and synthesis of information. Students may be advance in one ability 
and not in another. Therefore, progress tests that are designed to measure growth from the 
onset of learning until graduation should measure discrete abilities. 

Mastery testing (criterion-reflected tests) requires that 100% of the items are measured 
correctly to determine whether students have attained a mastery level of achievements. In non-
mastery testing attainment of 65% of a tested material is considered sufficient. 

Global rating scales are measurement tool for quantifying behaviours. Assessors use the 
scale either by directly observing students or by recalling student performance. Assessors judge 
a global domain of ability for example: clinical skills, problem solving, etc. 

Self-assessment (self-regulation) is a vital aspect of the lifelong performance of physicians. 
Self-monitoring requires that individuals are able not only to work independently but also to 
assess their own performance and progress. 

Every form of assessment can be used as a self-assessment exercise as long as students are 
provided with ‘gold standard’ criteria for comparing their own performance against an external 
reliable measure. Self-assessment approaches include: written exams (MCQs, True/False, Essay, 
MEQs, and modified CRQs), performance exams (checklists, global rating, student logbook, 
portfolio, video, etc). 

Oral examination/Viva has poor content validity, higher inter-rater variability and 
inconsistency in marking. The instrument is prone to biases and is inherently unreliable. 

Long Essay Questions can be used for assessment of complex learning situations that 
cannot be assessed by other means (writing skills, ability to present arguments succinctly). 

The Short Answer Question (SAQ) is an open ended, semi-structured question format. A 
structured predetermined marking scheme improves objectivity. The questions can incorporate 
clinical scenarios. A similar format is also known as Modified Essay Question (MEQ) or 
Constructed Response Question (CRQ). Equal or higher test reliabilities can be achieved with 
fewer SEQs as compared to true/false items. If a large amount of knowledge is required to be 
tested, MCQs should be used. SAQs have a better content coverage as compared to long essay 
question. 

Extended Matching Item is based on a single theme and has a long option list to avoid 
cueing. It can be used for the assessment of clinical scenarios with less cueing. It is a practical 
alternative to MCQ while maintaining objectivity and consistency. It can be used in both basic 
and clinical sciences. 
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Key Feature Test is a clinical scenario-based paper and pencil test. A description of the 
problem is followed by a limited number of questions that focus on critical, challenging actions 
or decisions. It has higher content validity with proper blueprinting. 

Long Case involves use of a non-standardised real patient. Long case may provide a unique 
opportunity to test the physician’s tasks and interaction with a real patient. It has poor content 
validity, is less reliable and lacks consistency. Reproducibility of the score is 0.39; meaning 39% 
of the variability of the score is due to actual performance of students (signal) and the 
remaining 61% of the variability is due to errors in measurement (noise) (Noricine, 2002). In 
high stake summative assessment long case should be avoided. 

Short Case involves use of three to four non-standardised real patients with one to two 
examiners. It provides opportunity for assessment with real patients and allows greater 
sampling than single long case. 

Objective Structured Clinical examination (OSCE) consists of multiple stations where each 
candidate is asked to perform a defined task such as taking a focused history or performing a 
focused clinical examination of a particular system. A standardized marking scheme specific for 
each case is used. It is an effective alternative to unstructured short cases. 

Mini-Clinical Evaluation Exercise (Mini-CEX) is a rating scale developed by American Board 
of Internal Medicine to assess six core competencies of residents: medical interviewing skills, 
physical examination skills, humanistic qualities/professionalism, clinical judgment, counselling 
skills, organization and efficiency. 

Direct Observation of Procedural Skills (DOPS) is a structured rating scale for assessing and 
providing feedback on practical procedures. The competencies that are commonly assessed 
include general knowledge about the procedure, informed consent, pre-procedure preparation, 
analgesia, technical ability, aseptic technique, post-procedure management, and counselling and 
communication. 

Clinical Work Sampling is an in-trainee evaluation method that addresses the issue of 
system and assessor biases by collecting data on observed behaviour at the same time of actual 
performance and by using multiple observers and occasions. 

Checklists are used to capture an observed behaviour or action of a student. Generally 
rating is by a five to seven point. 

360-Degree Evaluation/Multisource Assessment consists of measurement tools completed 
by multiple individuals in a person’s sphere of influence. Assessment by peers, other members 
of the clinical team, and patients can provide insight into trainees’ work habits, capacity for 
team work, and interpersonal sensitivity 

In the Logbook students keep a record of the patients seen or procedures performed either 
in a book or in a computer. It documents the range of patient care and learning experience of 
students. Logbook is very useful in focusing students on important objectives that must be 
fulfilled within a specified period of time (Blake, 2001). 

Portfolio refers to a collection of one’s professional and personal goals, achievements, and 
methods of achieving these goals. Portfolios demonstrate a trainees’ development and technical 
capacity. 

Skill based assessments are designed to measure the knowledge, skills, and judgment 
required for competency in a given domain. 

Test of clinical competence, which allows decisions to be made about medical qualification 
and fitness to practice, must be designed with respect to key issues including blueprinting, 
validity, reliability, and standard setting, as well as clarity about their formative or summative 
function. MCQs, essays, and oral examinations could be used to test factual recall and applied 
knowledge, but more sophisticated methods are needed to assess clinical performance, 
including directly observed long and short cases, objective structure clinical examinations, and 
the use of standardized patients. 

The Objective Structure Clinical examination (OSCE) has been widely adopted as a tool to 
assess students, or doctor’s competences in a range of subjects. It measures outcomes and 
allows very specific feedback. 
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Other approaches to skill-based assessment include: traditional (Oral exam/viva, long 
case); alternative formats (tackle the problems associated with traditional orals and long cases 
by having examiners observe the candidates complete interaction with the patient, training 
examiners to a structured assessment process, increasing the number of patient problems. 
Traditional unstructured orals and long cases have largely been discontinued in North America. 

While selecting an assessment instrument it is necessary to know precisely what it is that is 
to be measured. This should reflect course outcomes as different learning outcomes require the 
use of different instruments. It is essential to use an instrument that is valid, reliable and 
feasible (calculating the cost of the assessment, both in terms of resources and time). Full 
variety of instruments will ensure that the results obtained are a true reflection of the students’ 
performance. 

Multiple sampling strategies as the accepted methods used in assessment in clinical 
competency include OSCE, Short Answer Questions, mini-CEX (Mini Clinical Evaluation 
Exerciser), Directly Observed Procedural Skills (DOPS), Clinical work sampling (CWS), and 360-
degree evaluation. 

The assessment is an integral component of overall educational activities. Assessment 
should be designed prospectively along with learning outcomes. It should be purpose driven. 
Assessment methods must provide valid and usable data. Methods must yield reliable and 
generalizable data. 

Multiple assessment methods are necessary to capture all or most aspects of clinical 
competency and any single method is not sufficient to do the job. For knowledge, concepts, 
application of knowledge (‘Knows’ and ‘Knows How’ of Miller’s conceptual pyramid for clinical 
competence) context-based MCQ, extended matching item and short answer questions are 
appropriate. For ‘Shows How” multi-station OSCE is feasible. For performance-based 
assessment (‘does’) mini-CEX, DOPS is appropriate. Alternatively clinical work sampling and 
portfolio or log book may be used. 

Standard setting (Lamki and Lamki, 2009) involves judgment, reaching consensus, and 
expressing that consensus as a single score on a test. Norm Referenced Scores are suitable for 
admission exercise that requires selection of a predetermined number of candidates. Criterion 
Referenced Standard (based on predefined test goals and standards in performance during an 
examination where a certain level of knowledge or skill has been determined as required for 
passing) is feasible for competency-based examination. Various approaches available include 
test-centred approach (Agnoff’s method and its variations), examinee-centred approach 
(borderline group method), and several other innovations. Blueprinting refers to a process 
emphasizing that test content should be carefully planned against learning objectives. 

The purpose of assessment should direct the choice of instruments. Needs assessment is 
the starting point of good assessment that identifies the current status of the students before 
the commencement of the actual educational activities. Needs assessment is used to determine 
the existing knowledge base, future needs, and priority areas that should be addressed. 

Student assessment is a comprehensive decision making process with many important 
implications beyond the measure of students’ success. Student assessment is also related to 
program evaluation. It provides important data to determine the program effectiveness, 
improves the teaching program, and helps in developing educational concepts. 

Good quality assessment not only satisfies the needs of accreditation but also contributes to 
student’s learning. Assessment methods should match the competencies being learnt and the 
teaching formats being used. 

Competence is a habit of lifelong learning, is contextual (e.g. practice setting, the local 
prevalence of disease, etc.) and developmental (habits of mind and behaviour and practical 
wisdom are gained through deliberate practice.  

 



Industry 4.0 applications in healthcare 

51 

3.6. Preparedness of the trainees  

In a digital world, learners are quite different from previous generations. They are digital 
learners who have grown up with and are hyper-connected through the Internet. Although they 
may spend a lot of time playing computer games alone, they still regard social interaction as 
very important so much that they prefer working in groups and sharing the details of their 
activities with others in an online community as well as in the classroom. They tend to prefer 
feedback on their achievements and express a need for individual psychosocial support. 
Educators should respond to the changing nature of learners by using more team-based, 
collaborative, and game-based learning rather than insisting on only traditional teaching 
methods. Therefore, educators need to identify and employ suitable teaching strategies to 
engage and keep the attention of these students. 

There have been several reports and studies on future medical education. The Institute of 
Medicine organized a multidisciplinary summit focused on integrating a core set of 
competencies-patient-centered care, interdisciplinary teams, evidence-based practice, quality 
improvement, and informatics—into education for health professionals and recommended a 
mix of approaches related to the oversight processes, the training environment, research, public 
reporting, and leadership. “Training Tomorrow’s Doctors” demonstrated the challenges facing 
the educational mission and recommended principles for academic health centres, accrediting 
organizations and similar groups, and public policy. In 2010, the Carnegie Foundation 
addressed the related challenges and made recommendations on achieving excellence in 
medical education, which traced four themes in Flexner’s work: standardization and 
individualization, integration, habit of inquiry and improvement, and identity formation. 
However, these reports abstractly presented the goals and directions of future medical 
education. Researchers have rarely conducted practical investigations into what global medical 
educators are conceiving and implementing in order to prepare for the future of advanced 
technology and expanding knowledge. Furthermore, there have been few reports on how to 
educate the next generation in a way that fits their characteristics. According to an open-
systems perspective on the social system theory, schools are open systems that are influenced 
by environments and depend on exchanges with the environment to survive. We hypothesized 
that medical schools would use resources from the environment, such as students, teachers, and 
instructional materials in the changing world. The students would be transformed by the school 
system, including the teaching and learning as shaped by social and environmental forces, into 
educated graduates who then contribute to the broader environment (Han et al., 2019).  

Medical education encompasses a lifelong learning continuum ranging from undergraduate 
to postgraduate and specialization training and beyond, also known as “continuing medical 
education”. It is also applicable to various health care professionals, ranging from doctors to 
nurses and other allied health care workers. Unlike the field of medicine, there was little interest 
or advances in AI in medical education during the 1980s. In this age of rapidly advancing 
technology, the need to ground novel work on reported research is vital in order to advance the 
field of AI in medical education.  

One of the difficulties experienced in the implementation of AI in medical education is the 
gap in knowledge between physicians and engineers, which leads to this question: Should AI be 
introduced to medical professionals and trainees, and if so, how? This is the ideal situation that 
would solve one of the significant difficulties of implementing AI. This has been recently 
discussed by Kolachalama and Garg; the current medical school curriculum is unable to 
accommodate AI due to two main reasons—insufficient time and lack of expertise. Although we 
acknowledge the difficulty of teaching AI in the short 5-6 years of medical school, tweaks can be 
made to the curricula to introduce the concepts of AI alongside traditional medical school 
teaching. Other techniques to introduce AI include abstinence from jargon and highlighting the 
application of AI in the diagnosis and management of real patients. Another factor that has been 
raised earlier is the lack of expertise to teach AI in the medical profession. An easy way to do so 
is to collaborate with engineering and computing faculties and seek their professional opinions. 
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Interfaculty collaborations and competitions can also be held in universities to promote 
interaction between students and peers and allow the sharing of expertise across different fields 
such as health care hackathons, which have been increasing in recent years6. 

Changes in medical practice that limit instruction time and patient availability, the 
expanding options for diagnosis and management, and advances in technology are contributing 
to greater use of simulation technology in medical education. Four areas of high-technology 
simulations currently being used are laparoscopic techniques, which provide surgeons with an 
opportunity to enhance their motor skills without risk to patients; a cardiovascular disease 
simulator, which can be used to simulate cardiac conditions; multimedia computer systems, 
which includes patient-centered, case-based programs that constitute a generalist curriculum in 
cardiology; and anaesthesia simulators, which have controlled responses that vary according to 
numerous possible scenarios. Some benefits of simulation technology include improvements in 
certain surgical technical skills, in cardiovascular examination skills, and in acquisition and 
retention of knowledge compared with traditional lectures. These systems help to address the 
problem of poor skills training and proficiency and may provide a method for physicians to 
become self-directed lifelong learners7. 

The Fourth Industrial Revolution, which builds on the Third, is characterized by “a fusion of 
technologies that are blurring the lines between the physical, digital, and biological spheres”. 
The Fourth Industrial Revolution is unlike anything we have ever experienced before, in its 
velocity, scope, and systematic impact. Contrary to the previous Industrial Revolutions, it is 
progressing at an exponential rather than a linear pace. It is not only changing what and how we 
do, but also who we are. It involves the transformation of entire systems across countries, 
companies, industries, and society as a whole. Technologies such as artificial intelligence, the 
Internet of Things (IoT), cloud computing, social media, data science, 3D printing, connected 
wearable devices, quantum computing, robotics, and genetics are the driving forces of this 
Revolution. These transformative technologies will impact all disciplines, economies, 
businesses, societies, and individuals. 

According to the results of a poll by the Economist Intelligence Unit that was released in 
January 2016, a significant majority of executives surveyed (45%) believe that healthcare is the 
sector that will benefit most from the merging of physical, digital, and biological systems. 
Already, consumer technologies such as smartphones and wearable devices are collecting highly 
detailed data about health and fitness. Healthcare providers believe that this information has 
the potential to transform not only individual care, but also medical research. 

Realizing the potential of the Fourth Industrial Revolution, — e.g. IoT, data analytics, and 
smart devices — requires considerable support and actions from policy makers. These include 
policies to protect the privacy and rights of consumers and healthcare businesses, stronger 
security requirements for critical devices and systems, incentives that promote fair data sharing 
across healthcare providers, and new regulations to help us deal with increasingly intelligent 
machines. 

However, in addition to creating economic opportunities, the Fourth Industrial Revolution 
exacerbates certain pre-existing inequalities, such as the digital divide. Robotics and machine 
intelligence may replace many of today’s jobs. Those who are digitally marginalized — such as 
the elderly and the poor — could experience the digital divide more severely than ever before. It 
is the responsibility of policy makers to reduce the digital divide (Park, 2016). 

Summarizing all the discussed above, the readiness level of trainees can be different, 
varying from minimal to the highest digital competence, that is why it is recommended to form 
the groups of trainees stratified according to their digital competence at the baseline of training 
course.  

                                                             
6 https://mededu.jmir.org/2019/1/e13930 
7 https://jamanetwork.com/journals/jama/article-abstract/191427 
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3.7. Requirements and recommendations for the 
training environment 

The training (learning) climate can be defined as the physical and psychological 
environment including how trainees perceive the overall teaching and learning condition and 
educational tone. Studies have revealed that a positive learning climate is a key factor for 
effective learning in different models of clinical, workplace based learning. Furthermore, the 
learning climate as experienced in postgraduate training programs has been linked to learning 
and clinical outcomes as well as trainees’ long-term practice patterns in terms of quality and 
safety of patient care. Furthermore, the multifaceted nature of the experienced learning climate 
necessitates the consideration of specific characteristics of each environment (Raksamani and 
Stalmeijer, 2019). 

The subject of the clinical learning environment (CLE) is at the forefront of discussions by 
educators, accreditors, educational organizations, and health care professionals and has long 
been a focus of research and improvement efforts in medical education.  

A suboptimal CLE has been associated with adverse patient care and learning outcomes. 
The current climate of financially constrained and understaffed health systems has increased 
pressure and expectation of, and negative consequences for trainee well-being. Financial 
constraints and clinical productivity expectations have negatively affected available time for 
educational pursuits and have contributed to higher levels of stress, burnout, depersonalization, 
and emotional exhaustion in medical trainees and in their teachers. This in turn has added 
negative effect on the working and learning climate for trainees and their trainers. 

Learning in a clinical context is foundational in the training of health professionals; there is 
simply no alternative. Simulation may prepare learners for the CLE; however, there is no 
comparison to the learning that comes from managing patients in a real clinical context. In 
addition, many healthcare systems rely on the service that learners provide to patients, and to 
remove them from teaching institutions may have a negative impact on patient care. 

An effective and supportive CLE thus is important to the quality and safety of patient care, 
to the health and well-being of the medical workforce, and to trainee learning and socialization 
into the profession.  

Clinical learning environments involve three key elements: clinical work; learning; and 
environment. Early definition focused on the climate and overall ambiance of the medical 
education environment and highlighted the importance of the climate in which learning occurs. 
The CLE has been described as foundation of postgraduate medical education by comprising 
“the social, cultural and material context is which residents learn while they work”. The Macy 
Foundation (2018) defined the learning environment as: “…social interactions, organizational 
cultures and structures, and physical and virtual spaces that surround and shape participants’ 
experiences, perceptions, and learning.” These differences in existing definitions highlight the 
complexity of the CLE concept, with different dimensions and elements examined in prior 
studies and editorials (e.g. environment, climate, atmosphere, milieu, and culture). 

Given what is known about the role of the CLE, further study and efforts to improve the CLE 
are critical to the learning, professional socialization and well-being of trainees as they learn 
and participate in patient care, and to the future quality of care, they will deliver over decades of 
practice following graduation (Nordquist et al., 2019). 

Artificial Intelligence (AI) has the potential to transform health and healthcare systems 
globally, yet few individuals have the required skills and training. To address this challenge, the 
unique interdisciplinary environment to train the brightest and best healthcare artificial 
intelligence scientists and innovators of the future is needed. 

Medical education encompasses a lifelong learning continuum ranging from undergraduate 
to postgraduate and specialization training and beyond, also known as “continuing medical 
education”. It is also applicable to various health care professionals, ranging from doctors to 
nurses and other allied health care workers. One of the difficulties experienced in the 
implementation of AI in medical education is the gap in knowledge between physicians and 
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engineers, which leads to this question: Should AI be introduced to medical professionals and 
trainees and if so, how? This is the ideal situation that would solve one of the significant 
difficulties of implementing AI. AI applications such as CARDIO-LOGOS can be introduced to 
teach clinical students the diagnostic approach of reading electrocardiograms, but students can 
also be simultaneously taught the algorithm the machine uses to maximize their learning when 
introduced to the application.  

With the increased use of AI systems made possible through the evolving digitalization of 
the medical curriculum and collaboration between data scientists and physicians, the issue of 
data protection will need to be researched with an emphasis on how best to improve data 
security and increase users’ confidence of the use of AI applications.  

As technology continues to advance, the potential uses of AI will continue to increase in 
medical education. One such development will be the use of AI, combined with immersive 
technologies such as virtual reality and augmented reality. As presented in our results, such 
studies have already been reported. Further research should explore more complex adaptations 
of AI in medical education (Chan and Zary, 2019).  

Requirements for the teaching staff. To become a VET lecturer, an appropriate qualification 
and/or experience in the teaching field might be needed. A VET qualification in training and 
assessment, training design and development, or vocational education and training is required 
to teach accredited training.  

University‘s VET Teacher Qualifications and Competency Policy describes the training, 
assessing and vocational qualifications and competency requirements for staff delivering and 
assessing the University's Vocational Education and Training (VET) Programs. 

The University is committed to, and values highly skilled teaching staff. University requires 
and supports staff to pursue higher levels of teaching and assessing qualifications. In addition to 
this, the University requires staff to maintain current vocational competence and engagement 
with industry and health care sector. 

An adult education qualification has a focus on training and assessing adults. The skills and 
knowledge might be required: 

 having knowledge of and/or experience using the latest health care techniques; 
 understanding and knowledge of legislation relevant to the health care system and to 

employment and workplaces; 
 being customer/client/patient oriented; 
 possessing formal industry and training qualifications;  
 training content that reflects current health care practice. 
 activities that develop and/or maintain an individual's skills, knowledge, expertise and 

other characteristics as a trainer or assessor. This includes formal and informal 
activities that encompass vocational competencies, currency of industry skills and 
knowledge and practice of vocational training, learning and assessment, including 
competency-based training and assessment. It might include participation in courses, 
workshops, seminars, conferences, or formal learning programs; participation in 
mentoring, professional associations, personal development by reading of publications 
or other relevant information. 

 
Recommended literature sources. Competency in evidence-based medicine (EBM) provides 

clinicians with the ability to identify, evaluate, and integrate evidence into clinical decision 
making. Two of the five critical steps in achieving competency in EBM are to (1) construct an 
answerable question from the clinical environment and (2) effectively and efficiently search the 
medical literature to identify the best available evidence to answer the question. EBM users 
must be proficient in these skills before evidence can be appraised (step 3), integrated into 
clinical practice (step 4), and evaluated (step 5). 

Various training modules and courses in EBM are now commonly implemented in medical 
schools worldwide. The aim of such EBM programs is to provide an integration of knowledge, 
cognitive skills, and behaviour that promotes lifelong learning for future medical graduates. 
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There is a small, but growing evidence base evaluating how to best educate medical students 
and clinicians in the principles of EBM. The limitation of the current evidence base is that 
majority of these studies have focused on evaluating critical appraisal skills, with few focused on 
training medical undergraduates in the critical steps of constructing an answerable question 
and effectively searching the literature. Those studies that have been published report an 
improvement in the EBM skills of undergraduate medical students using a variety of 
interventions. 

Although various studies have identified the positive impact of EBM workshops on 
students, none have identified when specific EBM skills, such as effectively searching the 
medical literature, should be taught—be it during a medical student's preclinical or clinical 
years of study. The level of “clinical maturity” of students can affect their perception of the 
importance and uptake of EBM principles in practice. A study of junior doctors' (postgraduate 
trainees in obstetrics and gynaecology) knowledge of and beliefs in EBM identified a belief that 
EBM was an essential skill relevant to their clinical practice, despite few having partaken in 
formal training in the principles of EBM. Conversely, first-year medical students who have not 
been exposed to the clinical environment have been reported to perceive EBM as a static 
discipline, not relevant to clinical medicine (Illic et al., 2012).  

As Google Scholar (GS) gains more ground as free scholarly literature retrieval source it’s 
becoming important to understand its quality and reliability in terms of scope and content. 
Studies comparing GS to controlled databases such as Scopus, Web of Science (WOS) and others 
have been published almost since GS inception. These studies focus on its coverage, quality and 
ability to replace controlled databases as a source of reliable scientific literature. In addition, GS 
introduction of citations tracking and journal metrics have spurred a body of literature focusing 
on its ability to produce reliable metrics8. 
EBM interventions can improve short-term knowledge and skills, but there is little reliable 
evidence of changes in long-term knowledge, attitudes, and clinical practice. No study measured 
improvement in patient outcomes or experiences. EBM training for medical practitioners needs 
to incorporate measures of behavioural changes while incorporating patient outcomes and 
experience measures9. 

3.8. Preparation for trainings. Topics for teaching and 
learning. Scope of ECTS. 

A curriculum defines the learning that is expected to take place during a course or 
programme of study in terms of knowledge, skills and attitudes. It specifies teaching, learning 
and assessment methods and indicates the learning resources required to support effective 
delivery. One of the primary functions of a curriculum is to provide a framework or design 
which enables learning to take place. A syllabus is the part of a curriculum that describes the 
content of a programme. The written and published curriculum (e.g. course documentation 
including the prospectus, course guides or lecturers’ handouts) is the official or formal 
curriculum. The formal curriculum should match the functional (delivered) curriculum and is 
distinguished from the hidden, unofficial or counter curriculum. The hidden curriculum 
describes aspects of the educational environment and student learning (such as values and 
expectations that students acquire as a result of going through an educational process) which 
are not formally or explicitly stated but which relate to the culture and ethos of an organization. 

Clinical teachers may be involved in planning and developing courses and teaching sessions 
for different groups of students or trainees. Understanding the principles of curriculum 
development and design can help teachers provide the most appropriate educational 
interventions for their learners. 

                                                             
8 https://www.sciencedirect.com/science/article/abs/pii/S1751157717300676 
9 https://www.tandfonline.com/doi/abs/10.1080/02701960.2020.1777409 

https://www.sciencedirect.com/science/article/abs/pii/S1751157717300676
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Curriculum design needs to reflect the educational, health-care and professional context 
and the level of the learners and expected outcomes. In addition, educational theories (e.g. adult 
learning, student-centred learning, flexible learning and self-directed learning) may influence 
the overall programme philosophy and approach. Table 1 indicates how medical education has 
moved from a more teacher-centred, didactic approach to a more student-centred and 
community-based approach. Medical and health-care curricula are informed by reports and 
recommendations of statutory bodies, benchmarking and professional standards (e.g. 
Tomorrow’s Doctors; General Medical Council, 2009), or a syllabus, learning outcomes or 
competency statements (e.g. those produced for postgraduate medical education). These 
provide templates for curriculum design and form the backdrop for audit, review and 
inspection.  

Integrated Health Care curricula are still subject centred but the overarching curriculum 
transcends traditional subject boundaries. Teaching units from subject disciplines are fused 
together around meaningful organizing themes or concepts. Vertical integration describes the 
blurring of boundaries between pre-clinical and clinical courses whereas horizontal integration 
describes how knowledge and skills from many disciplines are clustered around themes such as 
body systems (e.g., a cardiovascular systems course might include anatomy, physiology, 
biochemistry, pathology, clinical medicine, sociology and epidemiology). Integration helps 
students develop a more holistic view of patients’ problems. However, some subjects or topics 
may be omitted or over taught and organizational boundaries such as departments and funding 
mechanisms may create barriers to integration. Close supervision and central curriculum 
mapping and management is required. Problem-based learning has been very influential within 
medical education. Problem-based learning aims to stimulate students to observe, think, define, 
study, analyse, synthesize and evaluate a problem. The “problems” or cases are written to 
simulate real-life clinical problems which are multidimensional and which encourage students 
to think as they would in real-life clinical situations. Aims describe what the teacher is trying to 
achieve (e.g. to encourage students to develop self-directed learning skills) whereas goals 
usually describe what the course or organization is trying to achieve (e.g. to inculcate 
professional values and attitudes). Learning outcomes guide teachers on what is expected of the 
learners on completion of the education or training programme, indicating the level at which a 
performance is expected. They also guide students on what they are expected to be able to do in 
terms of knowledge, skills and attitudes after completion (McKimm and Swanwick, 2009). One 
of the strengths of course planning using an objectives approach is that the objectives can be 
used as the measure for selecting teaching and learning methods and assessing student 
performance. Well-written objectives can be turned into assessment questions. Curriculum 
content comprises knowledge, skills, values and attitudes. Content should reflect the job that the 
learners will be asked to do after training, relate directly to learning outcomes, reflect balance 
between topics and theory and practice and be pitched at an appropriate level. Ideas for course 
content can be gathered from previous courses or existing curricula, national professional or 
discipline associations, textbooks, other organizations’ courses on the internet and international 
bodies which have produced core curricula for their own subject. Once the objectives or 
outcomes and broad content areas have been defined, the learning programme and timetable 
can be devised which allocates time for course elements and maps out a logical sequence of 
learning to enable student progression. The choice of most appropriate teaching and learning 
methods is left up to the teacher. In others, such as problem-based learning curricula, the 
learning method is explicit in the curriculum design and guidelines will probably need to be 
produced to support teachers and students during the learning process. Points to keep in mind 
are: students learn to place propositional knowledge into ‘real world’ contexts, an approach that 
improves the retention and application of knowledge. In practice a combination of models and 
methods is often most appropriate and most modern health-care curricula synthesize different 
approaches. Clinical medicine at all levels tends to take a competency-based approach to the 
‘training’ element of the curriculum although some critics note the reductionist approach to 
learning and assessment (e.g. Talbot, 2004). Competences are found in many areas of vocational 
training, where trainees are assessed against clearly stated competences (skills and procedures) 
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to determine whether they are ‘competent’ or ‘not yet competent’. Decisions should be made on 
how ‘threshold competence’ will be determined and whether there are degrees of competence. 
For example, there would be wide-spread agreement that all medical graduates should be able 
to take blood or interpret an X-ray but there might be different expectations as to exactly what 
might be expected both from students at different stages of the course and as to the contexts 
and definitions of such competences. Assessments such as objective structured clinical 
examinations, mini clinical evaluation exercises or multisource feedback are widely used to 
gather evidence on which to make judgements about competence in clinical skills. 

The European Credit Transfer System (ECTS) is a points system used by universities and 
agreed by governments, that makes international education more easily comparable across 
borders. 

The European Credit Transfer System - or, more precisely, the European Credit Transfer 
and Accumulation System - makes studying across the European Higher Education Area much 
more comparable. A system of credits means one course or module is worth the same at any 
university. 

Credits for lectures from different institutions can be accumulated (or added up) towards 
one degree or qualification, allowing for much more flexibility. 

The ECTS system has been adopted by countries across the European Higher Education 
Area (EHEA). There are 48 nations signed up to the EHEA, from Portugal in the West to Russia 
and Kazakhstan in the East. 

ECTS points, or ECTS credits, indicate the required workload to complete a study 
programme, or a module within a study programme. ECTS points only indicate workload; they 
do not indicate a grade. 

Generally, each year of full-time study (or work, where applicable) is worth 60 ECTS 
credits. Usually this is divided by modules. So, for example, you might have 4 modules in a year 
with a similar workload, each of them worth 15 ECTS credits and thus adding up to 60 ECTS for 
the whole year. 

The grading scheme is another important part of ECTS10. As well as credits, which are 
awarded based on completed modules and courses, the system allows for grade conversion 
between universities, based on the students’ relative performance in their class. 

Up until 2009, the framework included the ECTS grading scale that went from A to F, where 
A to E were passing grades. The table below shows which grade was awarded based on the 
performance percentile compared to the whole class: 

Grade (old system) Pass? % of students 

A pass top 10% 

B pass next 25% 

C pass next 30% 

                                                             
10 https://www.study.eu/article/what-is-the-ects-european-credit-transfer-and-accumulation-

system 

https://bmcmededuc.biomedcentral.com/articles/10.1186/s12909-018-1333-9 

 

https://www.study.eu/article/what-is-the-ects-european-credit-transfer-and-accumulation-system
https://www.study.eu/article/what-is-the-ects-european-credit-transfer-and-accumulation-system
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Grade (old system) Pass? % of students 

D pass next 25% 

E pass next 10% 

FX fail - some further work required   

F fail - considerable further work required   

 
The ECTS grading scale was relative; this meant that the same performance could 

theoretically result in different ECTS grades in different years or classes. Because most grading 
systems at universities in Europe follow a fixed scale, grades had to be converted at the end of a 
class or study programme. However, ECTS grades were never widely adopted and had some 
practical issues, which is why a new system was designed: 

In 2009, the new ECTS grading table was introduced to replace the previous ECTS grading 
scale. This new approach still relies on relative performance measures, but allows for more 
flexibility and a better comparison of grades between institutions. 

Here’s how it works: Universities track what percentage of students receive each passing 
grade. Ideally, this is done at the subject level (based on the ISCED-F field definition). So for 
example, a university would track: 9% of all History students receive the best grade, another 8% 
the second-best grade, and so on11.  

3.9. Final evaluation. Trainees feedback on training quality 
management 

Finally, the curriculum or course needs to be monitored and evaluated to ensure that it is 
working as planned and to identify areas for improvement. Evaluation involves ongoing formal 
feedback activities aimed at gathering timely information about the quality of a programme. It is 
important to build in evaluation activities to identify successes and failures of the curriculum 
with a view to correcting deficiencies, to measure if stated objectives have been achieved, to 
assess if the curriculum is meeting the needs of learners and the community and to measure the 
cost effectiveness of the curriculum. Monitoring and evaluation methods include observation, 
feedback questionnaires, focus groups, interviews, student assessment results and reports 
which the institution has to provide for internal use (e.g. absence statistics) or external 
agencies12. 

Feedback in medical education is an integral and important constituent of teaching as it 
encourages and enhances the learners' knowledge, skills and professional performance. 
Feedback has to be delivered in an appropriate setting; it should focus on the performance and 
not on the individual; should be clear and specific; delivered in non-judgmental language; 
should emphasize positive aspects; be descriptive rather than evaluative; and should suggest 

                                                             
11 https://www.study.eu/article/what-is-the-ects-european-credit-transfer-and-accumulation-
system 
12 https://www.beds.ac.uk/jpd/volume-4-issue-1/effective-feedback-an-indispensible-tool-for-
improvement-in-quality-of-medical-education/ 
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measures for improvement. Constructive feedback is defined as the act of giving information to 
a trainee through the description of his/her performance in the observed situation. It 
emphasizes the strengths of the session and areas which require improvement. The processes of 
giving and receiving feedback are skills that can be acquired only with practice. To integrate the 
concept of feedback in medical education, training of the trainers pertaining to techniques of 
adult learning and how to give feedback to trainees are foremost requirements. Interactive 
feedback is indispensable in bringing about professional development and overall improvement 
in doctors. 

As the concept has proven difficult to define, it is not surprising that a consensus has not 
been reached for an ideal model for the delivery of feedback. Nonetheless, the importance of 
feedback remains unquestioned; as it can allow trainees to take a more critical evaluation of 
their performance, learn from previous mistakes and greatly improve their clinical skills in 
future practice.  

Various impediments to feedback are frequently cited. Lack of time for feedback delivery is 
often reported anecdotally, though direct evidence for this is difficult to find. Though there are 
many styles and methods of providing feedback (e.g., written, formal in-person feedback 
sessions, and informal feedback occurring in real-time that can be considered), feedback 
delivery can still be quite challenging for the person assigned the task of doing so. Some have 
suggested that the process may be inhibited due to fears of retaliation or a desire to preserve a 
good working relationship. However, recent evidence confirms that residents do want to receive 
feedback, particularly on higher-risk procedural skills. 

One of the less-studied challenges related to clinical feedback involves the identification of 
what forms or aspects of feedback residents believe are effective. For example, the faculty may 
provide feedback to residents during brief bedside encounters, yet, given the informal nature, 
this may not be fully appreciated as such by residents and other learners. Yarris and colleagues 
identified differences in resident versus attending perceptions of specific aspects of clinical 
feedback. The attendees in that study tended to report higher satisfaction with the quality of the 
feedback they gave than the residents did for the feedback they received. Along the same lines, it 
has also been observed that medical students and their teachers disagree on the frequency of 
feedback received or given, respectively. This suggests there may be disconnect in teacher-
learner perceptions of feedback within the field of medical education. 
Van de Ridder et al. reviewed the literature and identified 33 factors that affected feedback, yet 
very little was found that addressed the feedback provider’s and recipient’s perceptions of the 
quality of that feedback. Liberman et al. found significant differences in resident versus 
attending perceptions of the frequency and quality of feedback. The reasons for these 
differences in perception are unclear. This study begins to address this gap in knowledge by 
characterizing what encounters faculty and residents identify as feedback and which forms are 
felt to be the most clinically effective by emergency medicine attendees and residents13.  
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4. CASE STUDIES ON THE USE OF INDUSTRY 4.0 IN 
HEALTHCARE 

4.1. Internet of Things devices in analysis of human vital 
functions 

Application of Internet of Things devices in analysis of human vital functions  
 
Keywords: Internet of Things, human vital functions, Internet of Things devices, patient 
application, medical data  

 

The Internet of Things is used in the medical sector as a device for monitoring the health of 
patients. Based on sensors in the field of biomedical engineering and the use of selected 
platforms from the IoT industry, such as Arduino or Raspberry Pi, solutions are used that 
allow to detect specific symptoms and disease states. Applications in the field of IoT in the 
context of medicine are also used for everyday health. In this area, various solutions have 
been developed in the form of bands, smartphones and specialized devices that monitor 
selected aspects in the functioning of the human body. Information on this subject is most 
often presented in the form of statistics and allows the user to learn about health 
information and vital functions of a person. 

 
The problem of the analysis of human vital functions is a popular topic that is related to many 
fields of science. Devices with sensors that collect signals representing the work of human 
organs with a certain accuracy are important. The content of the medical data relates to the 
functioning of the body for comparison purposes. An example of the use of data collected 
from IoT sensors can be a system that collects data from mobile devices for storage purposes, 
divided into sleep process, heart rate, physical activity, etc. A complete system, including 
mobile devices, mobile, server and desktop applications enables the medical data processing 
process. In the form of tables and charts that illustrate specific relationships. It is also 
possible to collect data describing environmental conditions in order to study the influence of 
atmospheric factors on the course of life processes, e.g. the sleep process, in terms of its 
duration and quality in the context of organism regeneration.  

 

 
 

The ecgExtract module of the ARTiiFACT application (1- sampling rate, 2- raw data graph, 3- graphs with R 
refractions, 4- saved data). Source: T. Kaufmann, S. Sütterlin, S. Schulz, C. Vögele, ARTiiFACT: a tool for heart rate 

artifact processing and heart rate variability analysis Behav. Res. Methods, Vol. 43, 1161–1170, 2011  
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Application of Internet of Things devices in analysis of human vital functions 

 

 

Schema of the Sleep Profiler device with marked 
electrodes. Retrieved from https:// 

pubmed.ncbi.nlm.nih.gov/27252090/  

 

 

 

 

Comparison of total sleep time (A, D), sleep 
efficiency (B, E), and wake after sleep onset (C, 
F) from the single-channel EEG (SP1) and 
polysomnography (PSG1) scored by scorer 1. 
Retrieved from 
https://pubmed.ncbi.nlm.nih.gov/27252090/  
 

The Sleep Profiler is a device designed as a 
forehead band which is used to conduct 
polysomnographic examination. It enables 
measurements of the parameters of the 
human body during sleep, such as heart rate, 
EEG data on sleep, an electrooculogram 
recording eye movements and a thermistor 
measuring human body temperature. The 
picture on the left shows the described 
solution, which the patients place around 
their heads during the tests. 

The device is equipped with 3 electrodes: 

1. Fp2 and Fp2 electrodes test the eye 
movement (EEA) for the right and left 
eyes, respectively, 

2. Fz electrode is responsible for 
monitoring EEG brain waves in the 
frequency range 0.1-67 Hz. 

When polysomnography starts, EEG brain 
wave records are immediately recorded to 
record the different stages of sleep, including 
the process of falling asleep. Records of the 
REM phase are recorded from all the 
electrodes described based on the rapid eye 
movements and brain waves with low 
frequency EEG. The received data is saved on 
the device. In the case of further processing 
and analysis, it is transferred to the IBM 
SPSS Statistics program, which allows you to 
perform linear regression, perform 
statistical analyses along with the machine 
learning process and generate graphs. 

 

Application Target Audience: 

The results of the case-study are intended 
for use of patients, primary healthcare 
specialists, and specialists in cardiovascular 
diseases.  

 

Resources Used: 

https:// 
pubmed.ncbi.nlm.nih.gov/27252090/ 

 

Further Reading: 

IoT Healthcare: Design of Smart and Cost-
Effective Sleep Quality Monitoring System, 
Journal of Sensors, Sensors in Internet of 
Health Things Paradigm, Vol 2020 
https://www.mobihealthnews.com/news/ai
rehealth-acquires-breathresearch-flesh-out-
its-digital-respiratory-health-platform  

 

https://aire.health/
https://aire.health/
https://pubmed.ncbi.nlm.nih.gov/27252090/
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4.2. Machine learning methods in medical diagnosis of EEG 
signals 

Application of Machine learning methods in medical diagnosis of EEG signals  
 
Keywords: Machine learning methods, medical diagnosis, EEG signals, patient application, heart 
diseases  

 

Nowadays there is a rising number of the chronic diseases, which affect our society. One 
type of these diseases are heart diseases. One of the most common symptom of heart 
disease is so called cardiac arrhythmia. The most common and simplest diagnostic test 
for cardiac arrhythmia is the electrocardiogram (ECG/EKG), where the activity of heart is 
recorded over a period of time with use of electrodes placed over patient skin and an 
electrocardiograph. The procedure of ECG should be performed at rest of the patient. The 
untreated life-threatening cardiac arrhythmias can lead to a stroke, heart failure or even 
sudden cardiac arrest. It is essential to diagnose arrhythmia as soon as possible to start a 
proper treatment. It can be made with the use of chosen machine learning methods. 

 
After the study of the existing works, which revolves around machine learning and cardiac 
arrhythmia [1, 2, 3], the following three methods have the best results: Naïve Bayes, K-NN 
method and J48. 
Most of the papers used in their analysis the MIT/BIH arrhythmia database for the training and 
evaluation sets. In most of them the accuracy of the algorithms revolves around 80%-90% (as 
an accuracy we mean number the correctly diagnosed arrhythmias). 
Naïve Bayes method is quite popular within medical field as well as is used in spam filtering. In 
case of medicine, it is close to the way how the diagnosis is made, due to the fact that all the 
available information (features) are taken into account to make the final prediction. K-nearest 
neighbours is a non-parametric method used for classification. K-NN classification is based on 
the closest training examples in the feature space. J48 method is a decision tree, which is an 
implementation of ID3 (Iterative Dichtomister 3) developed by Weka project team [4]. 
 

 
 
10 seconds length 100m record from MIT-BIH Database. Source: MIT-BIH Database records and 
information:  

https://www.physionet.org/physiobank/database/mitdb/  
  

https://www.physionet.org/physiobank/database/mitdb/
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Application of Machine learning methods in medical diagnosis of EEG signals 

 

Heart rate monitoring band. 
Retrieved from 

https://www.mi.com/en/index.h
tml  

 

Weka workbench ready to start 
the work. Retrieved from [4]. 

There are some solutions which already combines the IoT 
and machine learning in means of cardiac arrhythmia 
diagnosis. One of examples of already existing solutions is 
convolutional neural network for arrhythmias detection and 
IoT device developed by Stanford University computer 
scientists. 

Project from the Stanford University is one of the most 
popular ones. As a device for collecting ECG they have 
collaborated with professional company called iRhytm [5]. 
The Stanford team trained a 34-layer convolutional neural 
network to detect arrhythmias. Furthermore, they 
constructed enormously large dataset (they used not only 
already existing datasets but also collected data from 
iRhytm’s device) to construct their predictive model [5]. 
They also collaborated with group of cardiologists for test – 
if their solution correctly diagnose the cardiac arrhythmia. 
According to their results of cardiac arrhythmia detection, 
they obtained high accuracy of arrhythmias diagnosis even 
better then cardiologist [5]. 

The tool used for the classification process was Weka. It is as 
machine learning software developed by Waikato University. 
It consists of wide variety of machine learning methods, data 
mining and pre-processing features, etc. 

 

Application Target Audience: 

The results of the case-study are intended for use of patients, 
primary healthcare specialists, and specialists in 
cardiovascular diseases.  

 

Resources Used: 

[1] M. A. Babikier, M. Izzeldin, I. M. Ishag, D. G. Lee, K. H. Ryu, 
Classification of Cardiac Arrhythmias using Machine learning 
techniques based on ECG Signal Matching 
[2] C. Lakshminarayan, T. Basil, Feature Extraction and 
Automated Classification of Heartbeats by Machine Learning 
[3] A. Hazra, S. K. Mandal, A. Gupta, A. Mukherjee, S. 
Mukherjee, Heart Disease Diagnosis and Prediction Using 
Machine Learning and Data Mining Techniques: A Review 
[4] J48 algorithm and WEKA information,  
http://weka.sourceforge.net/doc.dev/weka/classifiers/tree
s/J48.html 
[5] P. Rajpurkar, A. Y. Hannun, M. Haghpanahi, C. Bourn, 
Cardiologist-Level Arrhythmia Detection with Convolutional 
Neural Networks, 06.07.2017 Stanford 

 

Further Reading: 

Classification of Arrhythmia by Using Deep Learning with 2-
D ECG Spectral Image Representation. Remote Sens.2020,12, 
1685. www.mdpi.com/journal/remotesensing  

 

https://www.mi.com/en/index.html
https://www.mi.com/en/index.html
http://weka.sourceforge.net/doc.dev/weka/classifiers/trees/J48.html
http://weka.sourceforge.net/doc.dev/weka/classifiers/trees/J48.html
http://www.mdpi.com/journal/remotesensing
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4.3. Big Data in healthcare 

 Application of Big Data for COVID-19 mortality risk calculation 
 
Keywords: Big Data, healthcare, COVID-19, mortality risk calculation, public health 
 
The COVID-19 pandemic brought huge challenges and forced authorities to take 
unprecedented measures. Big Data analytics tools proved to be helpful for better 
understanding virus transmission, risk factors, origin, diagnostics, and other vital 
information. Such a tool is the mortality risk calculator created by a team from Johns 
Hopkins School of Public Health which leverages big data analytics to develop a COVID-19 
mortality risk calculator, which could inform public health policies around preventive 
resources, like N-95 masks. 
 
Big data is a collection of huge volume and wide variety of data, processed very fast. It can be 
analysed in order to detect patterns, drive decision-making, and optimise business processes.  
Big Data opportunities and potential are enormous for the healthcare system. The data 
collected from various sources, such as electronic healthcare records, social media, mobile apps, 
sensors, clinical trials, genomic and pharmaceutical data, etc., can provide insights into the 
causes and outcomes of disease, and enhanced disease prediction and prevention. 
During the pandemic, Big Data is more valuable than ever. It can be employed to predict 
hotspots and stop the spread of the virus by tracking people’s movements, based on the GPS 
coordinates obtained from cell phone records, or to obtain helpful information for designing 
appropriate health messaging for the public, through the mining of social media. 

 

 
 

Source: COVID-19 Risk Tools (2021). Retrieved from: 
https://covid19risktools.com:8443/riskcalculator  

 
 

 

https://covid19risktools.com:8443/riskcalculator
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 Application of Big Data for COVID-19 mortality risk calculation 
 
 
 

 
 

Retrieved from 
https://covid19risktools.com:84

43/ 
 
 
 

 
 

https://covid19risktools.com:84
43/riskcalculator  

 
 
 

 
Researchers at the Johns Hopkins Bloomberg School of 
Public Health have developed a data-driven tool that allows 
individuals to estimate their own risk of death if infected 
with COVID-19. It calculates the risk of death if infected and 
the absolute risk of infection and death over a given period. 
In addition, it can be useful for the authorities in order to 
prioritize vaccine and other crucial resources distribution, 
as well as for persons trying to understand their own level 
of risk. 
 
In July 2020, developed risk scores for various 
demographics and medical conditions based on data about 
10,926 COVID-19-related deaths in the UK. The Johns 
Hopkins researchers adapted the risk scores based on U.S. 
mortality rate data and combined them with projections of 
pandemic spread and mortality from epidemiological 
models. 
 
The model was validated across 54,444 deaths in the U.S. 
from June to October 2020 before tool being launched for 
the general public. Now, based on user’s information (age, 
height, weight, smoking or not, chronic conditions, 
ethnicity, gender and zip code), the calculator estimates the 
risk relative to the average U.S. population and an absolute 
risk of death. 
 
The calculator can be also used to define risk for a 
particular group, such as a specific community or 
organisation, based on the mix of relevant factors that 
define the group. 

 
Application Target Audience: 

The results of the case-study are intended for use by 
healthcare personnel, authorities, general public.  

 

Resources Used: https://healthitanalytics.com/news/big-data-analytics-
calculator-determines-covid-19-mortality-risk 
 
https://covid19risktools.com:8443/riskcalculator 

https://cedilprogramme.org/blog/big-data-in-the-time-of-
a-pandemic/ 

 
 

Further Reading: 

 
 Pastorino, R. et al. “Benefits and challenges of Big Data 

in healthcare: an overview of the European initiatives.”, 
European journal of public health, vol. 29, 
Supplement_3, 23-27 (2019) 

 Williamson, E.J. et al. “Factors associated with COVID-
19-related death using OpenSAFELY”, Nature, vol. 584, 
430–436 (2020) 

 Jin, J. et al. “Individual and community-level risk for 
COVID-19 mortality in the United States”, Nature 

https://covid19risktools.com:8443/riskcalculator
https://covid19risktools.com:8443/riskcalculator
https://healthitanalytics.com/news/big-data-analytics-calculator-determines-covid-19-mortality-risk
https://healthitanalytics.com/news/big-data-analytics-calculator-determines-covid-19-mortality-risk
https://covid19risktools.com:8443/riskcalculator
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Medicine, 1-6 (December 2020) 

4.4. 3D Printing in healthcare 

 Application of 3D Printing in Dentistry 
 
Keywords: 3D printing, healthcare, Dentistry, dental lab, dental prosthetics, dental models 
 
Over the last 10 years, 3D printing revolutionised the dentistry being used to create tools, 
prosthesis, dental implants, and so forth. It can provide brilliant solutions for dental labs 
and professionals, especially in combination with other technologies such as oral scanning 
and Computer Aid Design. Due to the many advantages offered to patients, dentists and 
dental technicians, 3D printing is the future of the dental industry. Actually, dentistry is the 
medical sector that makes the most of the 3D printing technology. 
 
Dental laboratories are increasingly using 3D printing to develop new working methods, and to 
create many tools and devices. Among these, we can mention drilling templates for dental 
implants, physical models, crowns and bridges, bite splints and aligners. 
3D printing is the perfect method to manufacture personalised items, allowing for solutions 
totally adapted to the patient. In addition, it is simpler than other conventional technologies, 
time-saving and cost-effective. 
Usually, 3D printers are a part of the digital flow implemented by the modern dental 
laboratories. The flow can also include a 3D scanner and CAD/CAM systems. There are many 
printers, software and printing materials specifically developed for dental applications. 
Nowadays, various desktop 3D printers are available on the market at affordable prices. The 
resin-based 3D printers are the most used in the dental community – over one fifth of the end 
market for professional polymer 3D printers (cost >5,000 USD) are used in dentistry. 
The adoption of 3D printing enables the printing of complex shapes and allows for flexibility, 
same-day implants and a complete solution that delivers reliable results. 
 

 
 

Source: Formlabs (2021) [Image] Retrieved 20 January 2021 from: 
https://dental.formlabs.com/blog/how-to-make-models-from-dental-3d-intraoral-scans/ 

 
 
 

https://dental.formlabs.com/blog/how-to-make-models-from-dental-3d-intraoral-scans/
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 Application of 3D printing in Dentistry 
 

 
ASIGA Freeform 3D printer. 

Retrieved from 
https://www.asiga.com/ 

 

 
Zirkonzahn S300 ARTI scanner. 

Retrieved from 
https://www.zirkonzahn.com/ 

 

 
Part made with Freeprint® cast. 

Retrieved from 
https://www.detax.de   

 
 

Aupperlen Dental Technik GmbH is a German dental 
laboratory established in 1989 that is producing dental 
prosthetics. Over the years, they implemented digital 
manufacturing of various dental appliances, such as: 

 Bite Splints 
 X-ray / drilling templates and navigated drilling 

templates 
 Trays and bases for bite registration 
 Duplicate prosthesis 
 Prototypes 
 Crowns, bridges and single-piece cast frameworks 
 Temporary crowns and bridges 
 Models and working/master models 

The lab’s equipment include the following: 

 3D printer (ASIGA Freeform PRO 2) 
 Curing unit (NK Optik Otoflash G 171) 
 3D scanners (3Shape, Zirkonzahn) 

The lab uses a wide range of 3D printing materials that 
meet the requirements of the German Medical Devices Act 
and, in the same time, are compatible with the 3D printer. 
ASIGA Freeform uses UV light to create objects from light-
curing resins. The materials used, provided by DETAX 
company, are as follows: 

 Freeprint® ortho, for fabrication of base parts for 
orthodontic apparatuses, drilling and X-ray templates, 
occlusal and fixation splints  

 Freeprint® tray, for fabrication of individual 
impression and functional trays and base resin plates  

 Freeprint® cast, for fabrication of cast objects 
 Freeprint® temp, for fabrication of temporary crowns 

and bridges 
 Freeprint® model, for fabrication of dental models 

 
Implementation of 3D printing, in addition to other digital 
tools, could be a very good idea for any dental laboratory. 

 
Application Target Audience: 

The results of the case-study are intended for use mainly by 
dentists and dental technicians.  

 
Resources Used: 

https://www.asiga.com/media/public/files/Asiga_Aupperl
en-EN-1803-low.pdf 

 
Further Reading: 

 2020 Dental 3D Printing Guide: All You Need to Know. 
Retrieved on January 2021 from 
https://all3dp.com/2/dental-3d-printing-guide/  

 Griffiths, L., Dental 3D printing: "We use it for pretty 
much every product in the lab”, 2020. Retrieved on 
January 2021 from 

https://www.asiga.com/
https://www.zirkonzahn.com/
https://www.detax.de/
https://www.asiga.com/media/public/files/Asiga_Aupperlen-EN-1803-low.pdf
https://www.asiga.com/media/public/files/Asiga_Aupperlen-EN-1803-low.pdf
https://all3dp.com/2/dental-3d-printing-guide/
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https://www.tctmagazine.com/additive-manufacturing-
3d-printing-news/3d-printing-in-dentistry-every-
product-in-lab/  

4.5. Artificial intelligence 

 Conversation games as a teaching-learning simulation method 
 
Keywords: AI, healthcare, gamification, simulation, public health 
 

Gamification is the application of game-design elements and game principles in non-game 
contexts. Using gamification and increasing competitiveness not only makes the teaching-
learning process more dynamic, it can also substantially increase learner engagement too. 
Gamification helps to change perceptions and attitudes and develops skills through a 
practical, applied and completely active approach to learning. Deterding, Dixon, Khaled & 
Nacke established this definition in 2011.  
Although the adoption of Artificial intelligence across the healthcare industry has occurred 
in recent times, AI in gaming is not a recent feat. However, conversational AI technologies 
are entering these applications and AI-based voice intelligence is changing the ways games 
are played by giving it a more realistic experience.  
 
 
Game design is not so easy, and it can be a very difficult area if it has to be related to a very 
serious aspect as health is. Gamification has to provide motivations, rewards and reinforce 
commitment.  
 
Mango Health for instance wants to inspire and empower 
patients with chronic conditions to lead healthier lives. It is 
a digital platform that helps patients manage complex 
conditions and the medications associated with their 
treatment.  
 
Didget Blood Glucose Meter is another app which can plug 
into a Nintendo DS gaming system to reward kids for 
consistent testing. Kids obtain awards points in order to 
unlock games or access levels. Moreover, it grows 
children’s ability to manage their diabetes. A similar 
gamified solution is mySugr which allows diabetes 
management in a fun way both for children and adults.  
 
 
Gamification is also applicable to Physical therapy and rehabilitation. These applications make 
rehabilitation funnier as people can stretch in a playful way and divert attention from pain. 
With U of M app, patients can create a customisable character and they go through a series of 
challenges. Another app related to rehabilitation is Reflexion Health which uses a video 
feedback system to correct the movements of patients who are practicing physical therapy 
based exercises. https://www.youtube.com/watch?v=mv3emE8gkOQ&feature=emb_title 
 
 
 
 

https://www.tctmagazine.com/additive-manufacturing-3d-printing-news/3d-printing-in-dentistry-every-product-in-lab/
https://www.tctmagazine.com/additive-manufacturing-3d-printing-news/3d-printing-in-dentistry-every-product-in-lab/
https://www.tctmagazine.com/additive-manufacturing-3d-printing-news/3d-printing-in-dentistry-every-product-in-lab/
mailto:https://www.mangohealth.com/
mailto:https://www.news-medical.net/DIDGET-Blood-Glucose-Meter-Plugs-into-Nintendo-DS-from-Bayer
mailto:https://www.mysugr.com/en/
mailto:https://www.imedicalapps.com/2016/05/sci-hard-gaming-spinal-cord-injuries/
mailto:http://reflexionhealth.com/
https://www.youtube.com/watch?v=mv3emE8gkOQ&feature=emb_title
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True conversational Artificial Intelligence is a voice assistant that can engage in human-like 
dialogue, capturing context and providing intelligent responses. These AI models can be highly 
complex.  
Chatbots are digital personal assistants that can help doctors, nurses, patients or their families 
in situations like better organisation of patient pathways, medication management, emergency 
situations, first aid… 
Health chatbots are thought to be the first contact point for primary care in the future. Patients 
will not get in touch with physicians or nurses with every one of their health questions but will 
turn to chatbots first. If the little medical helper cannot comfortably respond to the raised 
issues, it will transfer the case to a real-life doctor. There are many health chatbots which are 
already working: Florence is one example.  
https://www.youtube.com/watch?v=Y8xxglM083s&t=13s 
Florence can remind patients to take their pills, which might be a handy feature for older 
patients. It can track user’s health, as body weight, mood or period, thus helping them to reach 
their goals.  
 
Application Target Audience: 

The results of the case-study are intended for use by 
healthcare personnel, authorities, general public.  

 

Resources Used: 
https://arxiv.org/ftp/arxiv/papers/1902/1902.09022.pdf 

https://andhealth.com.au/wp-
content/uploads/2019/07/Gamification-for-health-and-
wellbeing-A-systematic-review-ofthe-literature.pdf 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6616181
/ 

 
 

Further Reading: 

 
 Artificial Intelligence in HealthCare, Adam Bohr, Kaveh 

Memarzadeh, Academic Press, June 2020 
 Gamification and Health Literacy, Badia Faddoul, The 

Johns Hopkins Hospital, USA, 2016 
 

 

mailto:https://www.getflorence.co.uk/
https://www.youtube.com/watch?v=Y8xxglM083s&t=13s
https://arxiv.org/ftp/arxiv/papers/1902/1902.09022.pdf
https://andhealth.com.au/wp-content/uploads/2019/07/Gamification-for-health-and-wellbeing-A-systematic-review-ofthe-literature.pdf
https://andhealth.com.au/wp-content/uploads/2019/07/Gamification-for-health-and-wellbeing-A-systematic-review-ofthe-literature.pdf
https://andhealth.com.au/wp-content/uploads/2019/07/Gamification-for-health-and-wellbeing-A-systematic-review-ofthe-literature.pdf
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4.6. Augmented Reality 

 
 Application of augmented reality in healthcare teaching-learning method 
 
Keywords: AR, healthcare, medical institutions, public health, simulation 

Augmented reality is the use of displays, cameras, and sensors to overlay digital information 
onto the real world. It allows us to bring the most useful and important information from the 
digital realm into our perception of the environment around us. In the recent years, the 
advances in camera and sensor technology and augmented reality-focused software research 
have made it able to be put into practice.  

Healthcare and medical fields will be among the first to embrace augmented reality. Moreover, 
nowadays, there are many nurses and doctors interacting with AR applications in their day to 
day lives at work.  

Education is an obvious and important application of augmented reality in the healthcare field. AR 
apps give learners the ability to visualise and interact with three-dimensional representation of 
bodies.  
 
Augmented Reality applications can enhance the care and relationship between doctors, nurses 
and patients. There are new opportunities appearing such as augmented surgery, augmented 
diagnosis and augmented practice.  
To start with augmented surgery, surgeons can get access to real-time, life-saving patient 
information by entering their MRI data, and CT scans into their AR headset, overlaying the patient 
anatomy on top of their body before going to surgery. There are already applications in charge of 
that. For example Echopixel , which enables to see patient specific anatomy in an open 3D space. It 
also enables physicians to help in complex surgical planning, medical education or diagnostics. 
Another example is Vipaar, which enables surgeons to remotely project their hands into the 
display of a surgeon on site wearing the AR technology and guide during the procedure. 
To continue with augmented diagnosis, it becomes easier for the patients to express their 
symptoms better to their doctors. Therefore, it is easier for the doctors to determine their 
patients’ symptoms and accurately diagnose them. One application in charge of that is Accuvein, 
which is a vein illumination device that allows healthcare professionals to see a map of peripheral 
veins on the skin’s surface with the goal of improving venipuncture. 
 
The last one relates to augmented practice, which allows medical institutions to implement AR 
into their curriculum to provide students with valuable hands-on learning experiences. Therefore, 
it is easier to simulate patients and surgical encounters for students and can allow medical 
students to visualize and practice theories during their training. There are already some 
applications that help achieving that such as Immersive touch, equipped with a suite of 
revolutionary features designed to enable clinicians to rapidly visualize and engage with patient-
specific anatomy in 3D virtual reality. 

 

https://echopixeltech.com/
https://helplightning.com/
https://www.accuvein.com/
https://www.immersivetouch.com/
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     Application Target Audience: 

The results of the case-study are intended for use by 
healthcare personnel, authorities and the general 
public. 

 

Resources Used: 

https://www.imaginovation.net/blog/ar-in-
healthcare-use-cases/ 

https://healthmanagement.org/c/healthmanagement
/issuearticle/the-future-of-augmented-reality-in-
healthcare 

https://medicalfuturist.com/top-9-augmented-
reality-companies-healthcare/ 

 

Further Reading: 
● Virtual, augmented reality and serious games for 

healthcare 1, Minhua Ma, Lakhmi C. Jain and Paul 
Anderson, Springer, April 2014 

● Emerging Technologies for Health and Medicine: 
Virtual Reality, Augmented Reality, Artificial 
Intelligence, Internet of Things, Robotics, Industry 4.0, 
Dac-Nhuong Le, Chung Van Le, Jolanda G. Tromp and 
Gia Nhu Nguyen 

 

  

https://www.imaginovation.net/blog/ar-in-healthcare-use-cases/
https://www.imaginovation.net/blog/ar-in-healthcare-use-cases/
https://healthmanagement.org/c/healthmanagement/issuearticle/the-future-of-augmented-reality-in-healthcare
https://healthmanagement.org/c/healthmanagement/issuearticle/the-future-of-augmented-reality-in-healthcare
https://healthmanagement.org/c/healthmanagement/issuearticle/the-future-of-augmented-reality-in-healthcare
https://medicalfuturist.com/top-9-augmented-reality-companies-healthcare/
https://medicalfuturist.com/top-9-augmented-reality-companies-healthcare/
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4.7. Artificial Intelligence in healthcare 

 Application of Artificial Intelligence in Infection Prevention 
 
Keywords: Artificial intelligence, Infection prevention and control, healthcare, Hand Hygiene, 
Epidemiology, Machine learning 
 
Hand hygiene is a fundamental component of an IPC program and AI applications for hand 
hygiene education and audit offer opportunities to improve compliance and streamline IPC 
processes. The SureWash system is a commercially available interactive kiosk that uses 
camera-based augmented reality and gamified learning to train and assess hand hygiene 
technique with resultant improvements in compliance. 
 
The kiosk is mobile and when left in one area can be used independently by healthcare staff at 
a time that suits them, to obtain immediate and individualized performance feedback. More 
recently the system has been developed into a smartphone app with similar functionality. A 
pilot of an integrated hand hygiene digital framework which included the SureWash system 
along with a hand hygiene auditing tool and an activity monitoring system demonstrated the 
feasibility of using AI without impairing clinical workflow. An integrated “risk status” metric 
based on live data was presented pictorially in a variety of formats to staff and included 
actions required to improve the score. Expansion of this dataset to include HAI surveillance 
data could potentially be incorporated into an AI application to predict future outbreaks and 
suggest IPC interventions. In an outpatient setting, while machine learning with feedback was 
associated with improvements in staff hand hygiene before first patient contact, concerns 
regarding accuracy, long-term sustainability, and user fatigue from repeated notifications 
were noted. 

 

 
SureWash system demonstration. Retrieved 1 April 2021 [video screenshot] from: 

https://youtu.be/Kn51AZ_Pjfc?t=78  

 
 
 
 
 

https://youtu.be/Kn51AZ_Pjfc?t=78
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 Application of Artificial Intelligence in Infection Prevention 
 

 
SureWash ELITE 

https://surewash.com/surew
ash-elite-hand-hygiene-

training/ 
 

 
SureWash GO 

https://surewash.com/surew
ash-go-hand-hygiene-

training/ 
 

 
SureWash Hand Hygiene APP 
https://surewash.com/surew

ash-app-practice-hand-
hygiene/ 

 

 
Learning process report 

https://surewash.com/sample

 
The company SureWash offers three products for AI-based 
hand hygiene training and reporting solution: 
 
SureWash ELITE 
A training kiosk that uses augmented reality to deliver 
competence based hand hygiene training and infection 
control. 
The ELITE kiosk is a compact training system that can be 
easily transferred within a facility. It offers hand hygiene 
training and follow up for all health care staff, patients and 
visitors. A live video camera is used to measure the hand 
motions and provides real-time feedback to ensure 
compliance in hand hygiene technique. As a result, this helps 
users learn the WHO 6-step technique and build muscle 
memory. Consequently, the SureWash system helps ensure 
staff safety, reducing the risk of infections and improving 
patient outcomes. 
 
SureWash GO 
A portable system delivering competence based hand hygiene 
and infection control training. 
The SureWash GO is a portable hand hygiene training system 
that encourages self-directed learning among employees. It 
uses a live video camera to measure the hand motions to the 
WHO 6-step technique and provides real-time feedback to 
support the user. SureWash hand hygiene training technology 
makes the technique easier to memorise by making learning 
fun, interactive and convenient. 
 
SureWash Hand Hygiene APP 
A mobile learning application (For Ios and Android) that helps 
you learn and memorise the WHO hand washing technique. 
The SureWash APP mobile learning system combines e-
learning, gamification and patented gesture recognition 
technology. Therefore, it helps to learn and memorise the 
WHO hand washing technique through short training sessions. 
It uses the phone camera to measure hand motions and 
provide real-time feedback to support the user in a 
“Deliberate Practice” learning framework. A study from 
Glasgow Caledonian University used the app to convey that 
short, daily hand hygiene practices helps achieve proficiency. 
It is highly suitable for training non-clinical staff along with 
patients and visitors. However, SureWash now enables 
Universities to integrate our hand hygiene training into your 
Canvas Learning Management System (LMS), perfect for 
training nursing students remotely. 
 
SureWash Reporting 
The Reporting Suite on SureWash.Net is a highly secure 
audited training record for internal use and regulatory bodies. 
It provides administrators the ability to: 

https://surewash.com/surewash-elite-hand-hygiene-training/
https://surewash.com/surewash-elite-hand-hygiene-training/
https://surewash.com/surewash-elite-hand-hygiene-training/
https://surewash.com/surewash-app-practice-hand-hygiene/
https://surewash.com/surewash-app-practice-hand-hygiene/
https://surewash.com/surewash-app-practice-hand-hygiene/
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-reports/ - Access and easily track staff’s training data 
- Identify the learning curve towards competency 
- Automate & aggregate data across organisations 
- Conduct Quizzes & Lessons to address gaps in learning 
- Audited reports down to individual level 

SureWash allow to collect data from different devices and 
create reports for each user individually. 
 

Application Target Audience: 
Healthcare students, nurses. 

 
Resources Used: 

https://www.mddionline.com/artificial-intelligence/ai-
based-solution-monitors-hand-hygiene-behavior 

https://aicare.stanford.edu/projects/hand_hygiene/ 

https://www.healtheuropa.eu/surewash-interactive-hand-
hygiene-training/100708/ 

https://www.medgadget.com/2017/11/surewash-uses-
computer-vision-teach-proper-hand-washing-
techniques.html 

https://surewash.com/ 

Fitzpatrick, F., Doherty, A. & Lacey, G. Using Artificial 
Intelligence in Infection Prevention. Curr Treat Options 
Infect Dis 12, 135–144 (2020). 
https://doi.org/10.1007/s40506-020-00216-7 

Amit Singh, Albert Haque, Alexandre Alahi, Serena Yeung, 
Michelle Guo, Jill R Glassman, William Beninati, Terry 
Platchek, Li Fei-Fei, Arnold Milstein, Automatic detection of 
hand hygiene using computer vision technology, Journal of 
the American Medical Informatics Association, Volume 27, 
Issue 8, August 2020, Pages 1316–1320, 
https://doi.org/10.1093/jamia/ocaa115 

 

https://www.mddionline.com/artificial-intelligence/ai-based-solution-monitors-hand-hygiene-behavior
https://www.mddionline.com/artificial-intelligence/ai-based-solution-monitors-hand-hygiene-behavior
https://www.healtheuropa.eu/surewash-interactive-hand-hygiene-training/100708/
https://www.healtheuropa.eu/surewash-interactive-hand-hygiene-training/100708/
https://surewash.com/
https://doi.org/10.1093/jamia/ocaa115
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4.8. Virtual Reality in Healthcare 

 Application of Virtual reality in medical care 
 
Keywords: Virtual reality, healthcare, pain control, symptom distress in chemotherapy,  
 
Psychologists have found Virtual reality (VR) to be good for treating post-traumatic stress 
disorder. And stroke doctors, pain specialists, surgeons, and other medical practitioners 
have found their own uses for VR. In some cases, medical VR involves the familiar headsets; 
in others, 3D glasses and special video screens give a VR-like experience. 
 
If doctors are donning VR gear, so are their patients. They’re using the headsets to immerse 
themselves in a peaceful virtual world that takes their focus off discomfort associated with 
medical problems and treatments. 
Because anesthesia and sedation can be risky for some patients, including those who are frail 
or very elderly, some hospitals are offering these patients VR headsets as a way to help control 
pain during minimally invasive procedures. It’s still experimental at this point, but the results 
so far have been successful. 
Similarly, VR has been shown to reduce anxiety in cancer patients undergoing chemotherapy 
infusions. VR is even making injections and other painful or potentially frightening procedures 
less distressing to children. 
 

 
A hospital patient uses virtual reality treatment for pain. Source: Formlabs (2021) [Image] Retrieved 1 

April 2021 from: https://gdb.voanews.com/4CDE95AF-6F31-4EF1-A7CB-
ACDAC5E9026E_w650_r0_s.jpg 

 
 
 
 
 
 
 

https://gdb.voanews.com/4CDE95AF-6F31-4EF1-A7CB-ACDAC5E9026E_w650_r0_s.jpg
https://gdb.voanews.com/4CDE95AF-6F31-4EF1-A7CB-ACDAC5E9026E_w650_r0_s.jpg
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 Application of Virtual reality in Medical care 
 

 
SnowWorld is used to distract a 

burn patient from pain. Retrieved 
from 

www.nbcnews.com/mach/scienc
e/3-ways-virtual-reality-

transforming-medical-care-
ncna794871 

 
A pediatric burn patient uses 
virtual reality to distract from 
pain during physical therapy 

exercises at Shriners Children 
Hospital in Galveston, Texas. 

Hunter Hoffman. Retrieved from 
www.nbcnews.com/mach/scienc

e/3-ways-virtual-reality-
transforming-medical-care-

ncna794871 

 
Sgt. Oscar Liberato, a 23-year-old 
tanker from Ferndale, Wash., uses 
the goggles and mouse as part of 
the SnowWorld interactive video 
game. The sergeant was injured 

two years ago while with his unit 
in Iraq when an improvised 

explosive device 
detonated.(Photo Credit: U.S. 

Army). Retrieved from 
www.army.mil/article/34030/vi
rtual_reality_helps_soldiers_deal_

with_real_world_burn_pain 

 
Burn patients may be some of the biggest beneficiaries of 
VR technology. From daily cleaning and bandaging of burns 
to skin grafts, severe burn patients experience “some of the 
most painful procedures in medicine,” said Dr. Hunter 
Hoffman, a University of Washington scientist with 
expertise in the use of VR for pain relief. “Pain medications 
help, but they’re often not strong enough.” 
For these patients, Hoffman helped create the VR game 
”SnowWorld,” which features imagery designed specifically 
to distract burn patients from pain. Patients who play the 
game during treatment report up to 50 percent less pain 
than similar patients not playing the game, according to 
preliminary research. Other research suggests that patients 
playing the game actually show changes in the brain that 
indicate they’re feeling less pain. 
SnowWorld is now being evaluated in clinical trials at four 
sites in the U.S. and at two international sites. 
VR shouldn’t be considered a replacement for pain-killing 
medication, Hoffman said, adding that combining drugs and 
VR could be especially effective. 
 
In a study of 244 children at Sansum Clinic locations in 
Santa Barbara and Lompoc, California, roughly half of the 
children were given virtual reality goggles to view ocean 
scenes while getting their seasonal flu shot. Parents and 
clinicians for both groups were surveyed after, and 
reported the VR group felt less pain and fear than those 
braving it without. 
 
Military members who have combat burn injuries can 
suffer through some of the most intense and prolonged 
types of pain imaginable. Patients need daily care to clean 
the wound and daily physical therapy to stretch the newly 
healed skin. 
Despite the use of strong painkillers, the majority of burn 
patients report severe to excruciating pain during wound 
care. Even knowing the pain from wound treatment is 
coming can bring on a high level of anxiety and stress for 
these patients, according to Maj. (Dr.) Peter DeSocio, an 
anaesthesiologist with the burn centre at Brooke Army 
Medical Centre. 

http://www.nbcnews.com/mach/science/3-ways-virtual-reality-transforming-medical-care-ncna794871
http://www.nbcnews.com/mach/science/3-ways-virtual-reality-transforming-medical-care-ncna794871
http://www.nbcnews.com/mach/science/3-ways-virtual-reality-transforming-medical-care-ncna794871
http://www.nbcnews.com/mach/science/3-ways-virtual-reality-transforming-medical-care-ncna794871
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Application Target Audience: 

The results of the case-study are intended for use mainly by 
health care specialists, also partly anaesthesia specialists 

 
Resources Used: 

https://www.nbcnews.com/mach/science/3-ways-virtual-
reality-transforming-medical-care-ncna794871 

https://www.northshore.org/healthy-you/from-googles-
to-giggles/ 

https://medicalfuturist.com/how-does-medical-virtual-
reality-make-healthcare-more-pleasant/ 

https://www.mobihealthnews.com/content/pilot-study-
shows-vr-goggles-reduce-fear-pain-children-during-
vaccination 

https://www.chla.org/virtual-reality-pediatrics 

https://www.army.mil/article/34030/virtual_reality_helps
_soldiers_deal_with_real_world_burn_pain 

https://www.practicalpainmanagement.com/patient/virtu
al-reality-for-pain-depression 

Hunter G. Hoffman, Walter J. MeyerIII, Maribel Ramirez, 
Linda Roberts, Eric J. Seibel, Barbara Atzori, Sam R. Sharar, 
and David R. Patterson.Cyberpsychology, Behavior, and 
Social Networking.Jun 2014.397-401. 
http://doi.org/10.1089/cyber.2014.0058 Published in 
Volume: 17 Issue 6: June 3, 2014 

Hoffman, Hunter G. PhD*; Patterson, David R. PhD†; Seibel, 

https://www.nbcnews.com/mach/science/3-ways-virtual-reality-transforming-medical-care-ncna794871
https://www.nbcnews.com/mach/science/3-ways-virtual-reality-transforming-medical-care-ncna794871
https://www.northshore.org/healthy-you/from-googles-to-giggles/
https://www.northshore.org/healthy-you/from-googles-to-giggles/
https://medicalfuturist.com/how-does-medical-virtual-reality-make-healthcare-more-pleasant/
https://medicalfuturist.com/how-does-medical-virtual-reality-make-healthcare-more-pleasant/
https://www.mobihealthnews.com/content/pilot-study-shows-vr-goggles-reduce-fear-pain-children-during-vaccination
https://www.mobihealthnews.com/content/pilot-study-shows-vr-goggles-reduce-fear-pain-children-during-vaccination
https://www.mobihealthnews.com/content/pilot-study-shows-vr-goggles-reduce-fear-pain-children-during-vaccination
https://www.chla.org/virtual-reality-pediatrics
https://www.army.mil/article/34030/virtual_reality_helps_soldiers_deal_with_real_world_burn_pain
https://www.army.mil/article/34030/virtual_reality_helps_soldiers_deal_with_real_world_burn_pain
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Eric PhD*; Soltani, Maryam MEd†; Jewett-Leahy, Laura 
BA†; Sharar, Sam R. MD‡ Virtual Reality Pain Control 
During Burn Wound Debridement in the Hydrotank, The 
Clinical Journal of Pain: May 2008 - Volume 24 - Issue 4 - p 
299-304 

doi: 10.1097/AJP.0b013e318164d2cc 

Morris, Linzette Deidré BSc, PT*; Louw, Quinette Abegail 
PhD*; Grimmer-Somers, Karen PhD† The Effectiveness of 
Virtual Reality on Reducing Pain and Anxiety in Burn Injury 
Patients, The Clinical Journal of Pain: November 2009 - 
Volume 25 - Issue 9 - p 815-826 

doi: 10.1097/AJP.0b013e3181aaa909 

Mahrer, N.E., Gold, J.I. The use of virtual reality for pain 
control: A review. Current Science Inc 13, 100–109 (2009). 
https://doi.org/10.1007/s11916-009-0019-8 

Hoffman, Hunter G. Ph.D.*; Patterson, David R. Ph.D.†; 
Carrougher, Gretchen J. M.N.†; Sharar, Sam R. M.D.‡ 
Effectiveness of Virtual Reality–Based Pain Control With 
Multiple Treatments, The Clinical Journal of Pain: 
September 2001 - Volume 17 - Issue 3 - p 229-235 

Hunter G. Hoffman, Jason N. Doctor, David R. Patterson, 
Gretchen J. Carrougher, Thomas A. Furness III, Virtual 
reality as an adjunctive pain control during burn wound 
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Mackey IG, Louis RG, Salmasi V, Maddox T, Darnall BD An 8-
Week Self-Administered At-Home Behavioral Skills-Based 
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Gold, J. I., & Mahrer, N. E. (2018). Is Virtual Reality Ready 
for Prime Time in the Medical Space? A Randomized 
Control Trial of Pediatric Virtual Reality for Acute 
Procedural Pain Management. Journal of pediatric 
psychology, 43(3), 266–275. 
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Further Reading: 

The company develops VR therapy products: 
https://appliedvr.io/ 

 

https://doi.org/10.1371/journal.pone.0219115
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4.9. Internet of Things in respiratory care 

 Application of Internet of Things in Respiratory Monitoring  
 
Keywords: Internet of Things, respiratory health, connected respiratory therapy, patient app, 
virtual care platform  

 

The Internet of Things (IoT) describes how technology is currently being embedded in 
multiple markets, including healthcare, and evolving the way in which business is 
conducted. IoT in healthcare facilitates important tasks to improve patient outcomes, and 
also takes some of the burden off health practitioners. Tasks such as remote patient 
monitoring, treatment progress observation, and the housing of vaccines are all 
capabilities of medical devices with integrated IoT. In the today COVID-19 context, IoT 
made a strategic move to revolutionize care for the more than 100 million patients with 
chronic respiratory diseases and deliver the industry’s first virtual care platform for 
respiratory illness. 

 
Respiratory illness is a big and growing problem all over the world. This including individuals 
with asthma, COPD, respiratory viruses such as COVID-19, pneumonia, and Cystic Fibrosis. 
These individuals have a staggering mortality rate of 50 deaths per 100,000. Most of this 
mortality rate is driven by delayed diagnosis, delayed treatment, poor adherence, and 
unnecessary hospitalization. These factors have also important yearly costs for most 
healthcare systems.  
The COVID-19 pandemic continues to affect those who are respiratory compromised, as they 
are a population considered at-risk. Having access to their medication and being able to treat 
their respiratory conditions at home, before they escalate, is crucial.  

 
 

 
 

Source: AireHealth (2021) [Image] Retrieved 25 February 2021 from: https://aire.health/ 

 
 
 

https://www.mobihealthnews.com/tag/connected-respiratory-therapy
https://aire.health/
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 Application of Internet of Things in Respiratory Monitoring 

 

New Portable Nebulizer for 
Asthma Inhaler. Retrieved from 

https://aire.health/ 

 

Portable Nebulizer and 
Respiratory Care Mobile App. 

Retrieved from 
https://aire.health/ 

 

 

How Portable Nebulizer Works. 
Retrieved from 

https://aire.health/ 

 

VitalBreath powered by AireHealth and Breath Research 
brings together connected devices for drug delivery and 
respiratory measurement, lung health scoring backed by 35 
clinically validated biomarkers, patient-centered apps, and 
therapy adherence tracking.  

By tracking symptoms, status, decline, interventions and 
outcomes, AireHealth can build data sets for clinical 
benchmarks, improve early detection of respiratory 
diseases and reduce high costs. 

With strong IP and clinically validated products, the 
company enables more proactive care and early 
interventions to a variety of patients. 

The result is that patients not only take a more proactive 
approach to managing their respiratory care, but a faster 
response to exacerbations, fewer emergencies and fewer 
hospitalizations, which helps achieve their goal of 
improving treatment outcomes and lowering costs 

The device can assist a patient at home in four different 
health statuses:  
 proactive lung care, helping a respiratory compromised 

person keep track of their current health situation, 

 needing a second look, providing the person with access 
to telehealth services through the platform,  

 an acute episode, where the person needs an 
intervention from a clinical perspective – maybe even a 
hospital visit 

 Post-acute care, where we increase the intensity of 
support for this patient after they have experienced an 
emergency.  

 
Successful implementation of VitalBreath is already 
implemented in COVID -19 conditions. 

 

Application Target Audience: 

The results of the case-study are intended for use of 
patients, primary healthcare specialists, and respiratory 
healthcare specialists.  

 

Resources Used: 

https://www.medgadget.com/2020/07/a-virtual-care-
platform-for-respiratory-illness-interview-with-stacie-
ruth-ceo-of-airehealth.html 

 

Further Reading: 

2020 AireHealth acquires BreathResearch to flesh out its 
digital respiratory health platform. Retrieved on February 
2021 
https://www.mobihealthnews.com/news/airehealth-

https://aire.health/
https://aire.health/
https://aire.health/
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acquires-breathresearch-flesh-out-its-digital-respiratory-
health-platform  

4.10. Robotic nursing 

Use of different type of robots for assisting nurses in providing healthcare  
 
Keywords: robotics, nursing care, telepresence, elderly support, chronic illness assistance  
 
By 2050 one in four people in the world will be over the age of 65. The NHS will be unable to 
cope with the likely increases in chronic illness. To meet these challenges, health and local 
authority services must reconfigure, placing greater emphasis on community care and the 
effective use of technology. One promising technology is robotics. Robotics is the engineering 
science and technology of robots, and their design, manufacture, application, and structural 
disposition. Robotics is related to electronics, mechanics and software. The term robotics 
was coined by Issac Asimov in his 1941. Compared with humans, robots are quicker to train, 
cheaper to maintain, easier to refuel and repair and less prone to be bored by repetitive 
tasks. They could help the elderly and chronically ill to remain independent, reducing the 
need for careers and the demand for care homes. 
 
A robot is a-reprogrammable, multifunctional, manipulator designed to make material, parts, 
tools or specialized devices through various programmed motion for the performance of a 
variety of tasks. They can be used for addressing cognitive decline: reminding patient to drink, 
take medicine or of an appointment, for enabling patients and caregivers to interact thereby 
reducing the frequency of personal visits, for collecting data and monitoring patients, 
(emergencies such as heart failure and high blood sugar level, could be avoided), for assisting 
people with domestic tasks (many give up independent living because of arthritis), for accuracy: 
robot once instructed can perform a task without fatigue and with accuracy, even after long hour 
of operation. 
 

 
 
Source: pri.org (2021) [Image] Retrieved 25 February 2021 from: https://www.pri.org/stories/2020-04-

08/tommy-robot-nurse-helps-italian-doctors-care-covid-19-patients 

 
 

https://www.pri.org/stories/2020-04-08/tommy-robot-nurse-helps-italian-doctors-care-covid-19-patients
https://www.pri.org/stories/2020-04-08/tommy-robot-nurse-helps-italian-doctors-care-covid-19-patients
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 Application of Internet of Things in Respiratory Monitoring 

 

 
 

RIBA. Retrieved from 
https://www.asiga.com/ 

 
Girrafplus. Retrieved from 

https://telepresencerobots.com/r
obots/giraff-telepresence 

 
RONA. Retrieved from 

https://ieeexplore.ieee.org/docum
ent/6869137 

 
Here are some of the nurse robots developed so far: 
 

 RIBA(robot for interactive body assistance) is a 
nursing care assistant robot. RIBA is the first robot 
that can lift up or set down a real human from or to 
bed or wheelchair. RIBA is using its very strong 
human like arm and by novel tactile guidance 
method is using high accuracy tactile sensors. 

 GIRAFFPLUS is a humanoid robot that serve as a 
vacuum cleaner, standing mirror a video chat 
android that stands in for family time and doctor 
visits and health metrics monitor that can measure 
a record key variables such as a blood pressure and 
temperature. Giraff is a telepresence robot that can 
move around the home while connecting online 
with a caregiver or family member. 

 CODY is a robotic nurse carrying out hygiene tasks, 
such as patient bath. Patient are given better 
privacy and independence and nurses and 
caregiver who find the bed baths embarrassing are 
provided relief. 

 RONA - Robotic Nursing Assistant System is a 
human-safe, heavy-lifting robotic system that is 
useful in any clinical environment. It is capable of 
helping healthcare providers manoeuvre and lift 
patients weighing up to 200 kg. It`s advantages are 
mobility and manoeuvrability, telepresence 
support, patient safety, employee injury, worker 
compensation, and premature retirement 
reduction. 

 Tommy is a robot used for coronavirus patients in 
Italy, that can measure blood pressure and the 
oxygen saturation for the patients in the ICU — 
including those who are hooked up to a ventilator. 
It allows the hospital to limit the number of direct 
contact staff have with patients, reducing the risk of 
infection. 

 
 

Application Target Audience: 
The results of the case-study are intended for use of 
patients, nurses, caregivers.  

 
Resources Used: 

https://onlinenursing.duq.edu/blog/robotics-in-nursing/ 

 
Further Reading: 

 Robotic in Nursing, 2020. Retrieved on February 2021 
https://onlinenursing.duq.edu/blog/robotics-in-
nursing/ 

 Robo Nurse of the Future, 2020. Retrieved on February 

https://www.asiga.com/
https://telepresencerobots.com/robots/giraff-telepresence
https://telepresencerobots.com/robots/giraff-telepresence
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2021 from 
https://eandt.theiet.org/content/articles/2020/04/robo
-nurse-of-the-future 

 

4.11. Wearable Sensors in Healthcare 

 24/7 remote monitoring of patients 
 
Keywords: telemedicine, remote patient monitoring, IoT, cloud based systems 
 
 
Nowadays most people are connected to the internet in some way or another either by 
phone, tablet or pc. Thus it makes sense that the healthcare sector takes advantage of this 
reality and uses technology to provide more efficient and safe service. Remote healthcare 
services and remote patient monitoring (RPM) devices are being used to monitor patients 
without coming into physical contact with them. 
 
 
Modern technologies and the ever increasing development of wearable devices, such as heart 
rate, blood pressure and motion sensors make it easier to monitor a patient without being 
physically present. These technologies are useful when patients live in remote locations and 
have to get regular check-ups. In the midst of the COVID-19 pandemic the usefulness of medical 
remote patient monitoring devices was appreciated as this meant that patients that do not have 
a severe conditions but need observation can be sent home and monitored via RPM technology. 
Using remote monitoring technologies hospital beds can be kept free for people with more 
sever conditions. By wearing clinical grade sensors in the form of armbands, rings or watches, 
key physiological features are recorded and uploaded to the cloud. The specially designed 
algorithms of the AI platform continuously run checks on the patient’s profile to predict 
decompensation. If the system notes any abnormal changes or predicts a medical emergency 
the clinicians are immediately notified on the procedures to be taken. As the program uses the 
specific patient’s medical profile the AI will also notify the clinician on the type of medication 
and dosage that need to be administered to the patient. 
 
 
 

 
 

Source: STAT (2020) [Image] Retrieved 23 February 2021 from: 
https://www.statnews.com/2020/03/25/coronavirus-hospitals-weigh-remote-patient-monitoring-

https://www.statnews.com/2020/03/25/coronavirus-hospitals-weigh-remote-patient-monitoring-tools/
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tools/ 

 
 
 
 
 Application of Smart monitoring devices in Healthcare 

 
RythmAnalytics® is a software used to 
detect cardiac arrhythmias. Retrieved 

from: 
https://www.biofourmis.com/solutions/ 

 

 
Wearable sensor from Biofourmis. 

Retrieved from: 
https://www.longevity.technology/biofou
rmis-creates-ai-digital-health-biomarkers-

that-can-prevent-heart-attacks/ 
 

 
Biofourmis wearable sensor transmits 
to mobile app and pc. Retrieved from 

https://www.biofourmis.com/ 
 
 

Biofourmis is a Singapore based company that uses 
intelligent AI technology for remote patient 
monitoring and care. The sensors worn by the patient 
constantly record vital parameters depending on the 
condition such as cardiac arrhythmias, cancer pain, 
post-surgery pain and oncology patients. The software 
is designed to record specific parameters for each 
particular condition by using the patient’s medical 
records thus being completely personalised. Medical 
solutions provided by Biofourmis include the 
following: 

 RythmAnalytics® - a cloud based software 
designed for people with cardiac conditions. The 
software used deep neural networks to achieve the 
highest possible detection. 

 BiovitalsHF® - a prescription software for patients 
suffering from heart problems that guides them on 
heart failure medications. 

 Biovitals® Sentinel – is a remote patient 
monitoring system that can be used to monitor the 
vital functions of a patient by wearing a specially 
designed armband. 

 Gaido™ - is a software designed for oncology 
patients, to detect any form of deterioration either 
pre or post treatment. 

The advantages that such technology brings with it are 
multiple, they are more cost effective for the patient as 
they reduce the number of visits to hospital and at the 
same time they reduce the strain on hospitals by 
freeing up beds from recovering patients. Another 
advantage is that they provide more independence, 
freedom and peace of mind to the patient. 

 
Application Target 

Audience: 

The results of the case-study are intended for use mainly by doctors and 
physicians.  

 
Resources Used: 

https://www.healthcareitnews.com/news/guide-connected-health-
device-and-remote-patient-monitoring-vendors 

https://www.biofourmis.com/ 

https://www.statnews.com/2020/03/25/coronavirus-hospitals-weigh-remote-patient-monitoring-tools/
https://www.biofourmis.com/solutions/
https://www.healthcareitnews.com/news/guide-connected-health-device-and-remote-patient-monitoring-vendors
https://www.healthcareitnews.com/news/guide-connected-health-device-and-remote-patient-monitoring-vendors
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Further Reading: 

 
 
 

 How is Industry 4.0 affecting healthcare.  
Retrieved on 15th February 2021 from 
https://medium.com/@Intetics/how-is-industry-4-0-affecting-
healthcare-aced9e2cb5a9 

 Hospitals turn to remote monitoring tools to free up beds for the 
sickest coronavirus patients. Retrieved on 24th February 2021 from 
https://www.statnews.com/2020/03/25/coronavirus-hospitals-
weigh-remote-patient-monitoring-tools/ 

 

https://medium.com/@Intetics/how-is-industry-4-0-affecting-healthcare-aced9e2cb5a9
https://medium.com/@Intetics/how-is-industry-4-0-affecting-healthcare-aced9e2cb5a9
https://www.statnews.com/2020/03/25/coronavirus-hospitals-weigh-remote-patient-monitoring-tools/
https://www.statnews.com/2020/03/25/coronavirus-hospitals-weigh-remote-patient-monitoring-tools/
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4.12. VR headsets for medical training 

 Using of VR headsets to train doctors and surgeons 
 
Keywords: Augmented Reality, Virtual Reality, immersive, simulation 
 
 
Virtual Reality headsets are being used to train doctors and surgeons on performing 
surgeries and medical procedures. Studies show a significant boost in performance when 
VR technology is used during training as the procedure becomes more comprehensive and 
the experience more immersive. 
 
 
Traditionally aspiring doctors and surgeons carry out observations during their training period. 
Trainee surgeons perform procedures on cadavers but this has its disadvantages as the cadaver 
does not react in the same way a live person would and also they are not always accessible. 
Using modern immersive VR technology medical student can now perform surgeries and 
operations by wearing VR headsets. This training approach is gaining popularity as it has 
continuously shown an increase in performance in medical students. Such software guides the 
student throughout the procedure and also provides in depth information about critical steps as 
well as reconstructing in high definition 360° CGI the human anatomy. Studies also show that 
students who use VR during training complete medical procedures in a faster and more 
accurate way. Some software also enables the exact reconstruction of a particular patient in 3D. 
This is done by first using a CT scanner or MRI, as these take layered images of the patient 
another software is used to merge them together and form a 3D image of the patient. This can 
be especially useful for taking particular measurements before surgery and better visualisation 
of the procedure. 
 
 

 
 

Source: Visualise (2021) [Image] Retrieved 23 February 2021 from: https://visualise.com/virtual-
reality/virtual-reality-healthcare 

 

 
 
 

https://visualise.com/virtual-reality/virtual-reality-healthcare
https://visualise.com/virtual-reality/virtual-reality-healthcare
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 Application of VR technology for medical training 

 

 
Using ImmersiveTouch® 

technology with headset and 
robotic arms. Retrieved from: 

https://www.immersivetouch.co
m/immersivesim-training 

 
 

 
ImmersiveTouch3™ AR headset 

and monitor. Retrieved from: 
https://www.immersivetouch.co

m/immersivesim-training 
 

 
The ImmersiveSim™ VR platform. 

Retrieved from 
https://www.immersivetouch.co

m/immersivesim-training 
 
 

ImmersiveTouch® is a company that creates VR and AR 
technologies specifically for medical training. The platform 
ImmersiveSim™ is a simulator for surgeons and doctors not 
only while in the training period but also while in the line 
of profession. The platform comes with a robotic stylus that 
the surgeon/trainee uses instead of the surgical tools, the 
robotic arm in turn provides tactile feedback to the user 
mimicking the feedback from a human body. There are two 
main products that can be used for training: 

 ImmersiveTouch3™ – this is an augmented reality (AR) 
system which is made up of a special glasses to be worn 
by the user, a stylus to perform the motions needed 
during surgery and a platform complete with 2 screens 
(one for the student and one overhead) and pedals to 
control angle and frequency of fluoroscopy shots and 
change surgical tools.  

 ImmersiveSim™ - is a virtual reality (VR) platform that 
is uses VR headset to provide a completely immersive 
experience as if the user is in the operating theatre. The 
user makes use of the physical robotic stylus which in 
turn is replicated on the VR software in the form of 
surgical tools and hand motions in real time. The 
robotic arms provide feedback to the user for a more 
immersive experience and better learning outcomes. 

These two digital platforms are a valuable asset both for 
trainee surgeons and doctors as well as those already in the 
line of work as they can be used to refresh one’s memory of 
particular procedures or go over a specific patient’s 
surgical procedure. Using such technology doctors and 
surgeons will be more prepared before attempting a 
medical procedure thus enhancing patient safety and 
surgery outcome.  

 
Application Target Audience: 

The results of the case-study are intended for use mainly by 
doctors and surgeons, both students and professionals.  

 
Resources Used: 

https://www.immersivetouch.com/immersivesim-training 

https://visualise.com/virtual-reality/virtual-reality-
healthcare 

 
Further Reading: 

 
 
 

 5 Ways Medical VR is already changing healthcare.  
Retrieved on 20th February 2021 from 
https://medicalfuturist.com/5-ways-medical-vr-is-
changing-healthcare/ 

 Augmented Reality in healthcare will be 
revolutionary: 9 examples. Retrieved on 24th 
February 2021 from 
https://medicalfuturist.com/augmented-reality-in-
healthcare-will-be-revolutionary/ 

https://www.immersivetouch.com/immersivesim-training
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