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Abstract - Industry 5.0, the most recent industrial revolution, provides the potential to change the medical device implant 

production industry. Industry 5.0 offers a highly automated and networked production environment by merging cyber-

physical systems, artificial intelligence (AI), machine learning, and the Internet of Things. This environment enables real-

time data collection and analysis, enhancing manufacturing processes, cost savings, and product quality. The use of AI and 

machine learning improves decision-making capacities by detecting patterns in data and forecasting future trends. 

Incorporating Business 5.0 into the medical device implant manufacturing business can alter the industry by allowing 

manufacturers to develop a fully automated and linked production environment. Utilizing sophisticated technologies like AI, 

machine learning, the Internet of Things, and robots allows for the collection and analysis of real-time data to optimize 

production, cut costs, and improve product quality. The relevance of Business 5.0 in transforming the medical device implant 

manufacturing business is highlighted in this study, as is the transformational impact of AI and machine learning in 

decision-making processes. 

Keywords - Additive manufacturing, Artificial intelligence, Cyber-physical systems, Data analytics, Emerging technologies, 

Human-machine collaboration, Industry 4.0, Industry 5.0, Medical device implant manufacturing. 

1. Introduction  
Industry 5.0 is the quintessential industrial revolution, 

where physical and digital worlds meld together in 

manufacturing. This latest step in industrial evolution 

involves integrating cyber-physical systems, AI, and the 

Internet of Things, all of which have the potential to 

revolutionize medical device implant production. This 

advanced technology has augmented production efficacy 

and accuracy, diminished costs, and optimized product 

quality [3]. In medical device implant manufacturing, 

Industry 5.0 employs AI, machine learning, the Internet of 

Things, and robotics to create a highly automated and 

interconnected manufacturing atmosphere. This atmosphere 

permits the gathering and examination of real-time data for 

improved production, cost savings, and product excellence. 

The import of Industry 5.0 to the medical device 

implant manufacturing sector is the aptitude to fabricate a 

thoroughly mechanized and interconnected manufacturing 

milieu. This habitat allows for the assemblage and scrutiny 

of real-time data to refine the production system, curtail 

expenses, and improve the quality of the product [4]. 

Moreover, the application of artificial intelligence and 

machine learning can be used to discover designs in the data 

and forecast potential prospects, granting producers the 

ability to make more sound decisions concerning 

production. 

The amalgamation of Industry 5.0 into the medical 

device implant fabrication sector may have the capacity to 

transform the industry. Manufacturers can construct a highly 

mechanized and connected manufacturing atmosphere by 

leveraging sophisticated technologies such as AI, machine 

learning, the Internet of Things, and robotics. This 

atmosphere permits the aggregation and assessment of real-

time information to refine the production procedure, reduce 

expenditures, and enhance product quality [5]. Additionally, 

AI and machine learning can detect patterns in the data and 

forecast prospective tendencies, allowing manufacturers to 

make sounder decisions regarding production.  

2. Objective 
The aim is to construct a blueprint for amalgamating 

Industry 5.0 into the medical device implant manufacturing 

sector. This assessment will be centered around discerning 

the repercussions of Industry 5.0 on the medical device 

implant manufacturing industry, pinpointing potential 

advantages and obstacles, and suggesting tactics to 

guarantee a successful integration. The review will 

commence by examining the existing condition of the 

medical device implant manufacturing industry and its 

requirements for amalgamation of Industry 5.0. This 

exploration will investigate the prevailing technological 

milieu, sectorial tendencies, and market rivalries. It will also 

comprise an analysis of the likely openings and hindrances 
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that Industry 5.0 presents for the medical device implant 

manufacturing industry [6]. 

The subsequent scrutiny will traverse the potential 

avails of Industry 5.0 for the medical device implant 

manufacturing sector. This will include an inspection of the 

possible cost reductions, heightened efficacy, augmented 

product excellence, and better consumer experience that 

Industry 5.0 can offer. The evaluation will then contemplate 

the possible perils affiliated with the amalgamation of 

Industry 5.0 into the medical device implant manufacturing 

industry. This will comprise a breakdown of the potential 

security vulnerabilities, data confidentiality worries, and 

cultural obstruction to alteration that could be encountered. 

3. Literature Review  
In recent years, Industry 5.0 has emerged as a 

transformative concept in the realm of industrial technology 

and manufacturing, as shown in Figure 1. Building upon the 

foundations laid by Industry 4.0, this paradigm shift 

promises not only to revolutionize production processes but 

also to redefine the relationship between humans and 

machines. As businesses contemplate the transition from 

Industry 4.0 to Industry 5.0, critically examining the 

existing literature is essential to comprehend the evolving 

landscape, identify key trends, and pinpoint areas where 

further research is warranted.  

 
Fig. 1 Industry evolution [42] 

The current research gaps in Industry 5.0 technologies can be categorized into four main aspects: Technological 

advancements, Human-centric solutions, Challenges and barriers, and Sustainability and environmental impact. 
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Category 1: Technological Advancement shown in Table 1. 
Table 5. Research gap in technological advancement  

Research Gap Description 

Adoption of 

Industry 5.0 

The transition from Industry 4.0 to Industry 5.0 poses a challenge as companies need to adapt to 

new technologies like big data, IoT, and digital twins while integrating a human-centric approach 

[1]. 

Enabling 

Technologies 

Investigate the role of key technologies such as big data, IoT, cloud computing, 6G networks, and 

Blockchain in enabling Industry 5.0 and how these technologies can be effectively implemented 

[31]. 

Integration 

Challenges 

Explore the challenges manufacturers face when integrating new Industry 5.0 technologies into 

their existing operations and supply chain [32]. 

Implementation 

Strategies 

Study how companies can effectively implement Industry 5.0 technologies, given the complexity 

of introducing these innovations into manufacturing processes [1]. 

 

Category 2: Human-centric Solutions shown in Table 2. 
Table 2. Research gap in human-centric solutions  

Research Gap Description 

Human-Machine 

Collaboration 

Investigate methods to enhance human-machine collaboration, emphasizing robots as 

collaborators rather than competitors in Industry 5.0 settings [33]. 

Workforce 

Realignment 

Explore how the Industry 5.0 workforce combines human and digital resources, leveraging AI, 

big data, machine learning, cloud computing, and IoT to create smart factories [34]. 

Standardization and 

Legalization 

Research the need for standardized regulations to prevent potential conflicts between 

technology, society, and businesses as Industry 5.0 evolves [33]. 

Societal Impact 
Analyze the societal implications of Industry 5.0, addressing concerns related to technological 

unemployment and ensuring technology alignment with societal values [35]. 

 

Category 3: Challenges and Barriers shown in Table 3. 
Table 3. Research gap in challenges & barriers for Industry 5.0  

Research Gap Description 

Human-Centric Processes 
Explore ways to make Industry 5.0 processes more human-centric and address 

resistance to automation from labor unions and policymakers [1]. 

Investment and Training 

Investigate the financial challenges of adopting Industry 5.0, including the costs 

associated with upgrading production lines and training the workforce for new 

roles [36]. 

Pace of Adoption 

Study the pace of technological change in Industry 5.0 and how it may lead to 

disparities, leaving some companies behind due to their inability to afford or 

adapt to new technologies [34]. 

Security Challenges 
Examine the stringent security requirements posed by Industry 5.0 applications, 

ensuring the protection of critical systems and data from potential threats [37]. 

 

Category 4: Sustainability and Environmental Impact shown in Table 4. 
Table 4. Research Gap in Sustainability & Environmental Impact  

Research Gap Description 

Circular Economy Integration 

Investigate how Industry 5.0 can promote a circular economy by preserving 

ecological and resource integrity through sustainable manufacturing processes 

and waste reduction strategies [38]. 

Social and Environmental 

Prioritization 

Study integrating social and environmental concerns alongside technological 

innovation in Industry 5.0 to ensure sustainability remains a central goal [39]. 

Sustainable Development 

Explore strategies for achieving sustainable development within the context of 

Industry 5.0, considering environmental, economic, and social dimensions [40, 

41]. 
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4. Industry 4.0 and Medical Device 

Manufacturing 
Industry 4.0 is the fourth industrial revolution, 

otherwise dubbed the "smart factory" revolution. This 

industrial transformation amalgamates the physical 

production process with the digital world, allowing 

machinery and systems to be linked, governed, and tracked 

through the web. It incorporates innovative technologies 

such as the Internet of Things (IoT), Artificial Intelligence 

(AI), Big Data, and cloud computing to mechanize and 

refine production procedures [3]. Industry 4.0 is a thorough 

idea encompassing the digital metamorphosis of all aspects 

of the production process, from product conception to 

production and service. It is a comprehensive system that 

permits data-driven production processes, providing real-

time information on production performance and enabling 

more efficient decision-making. 

 
Fig. 2 Industry 4.0 v/s Industry 5.0 

The manifold advantages of Industry 4.0 are apparent. 

It augments productivity and efficacy, minimizes waste and 

idle time, and bolsters quality control. It also furnishes 

access to data-driven intelligence, which can help producers 

optimize their production operations. The adoption of 

Industry 4.0 in medical device implant fabrication is 

becoming progressively popular due to its capability to 

streamline production and refine quality control [6]. It can 

assist in shortening the time and cost of production by 

automating processes, abating manual labor, and 

intensifying efficiency. It can also assist in reducing the 

hazard of human mistakes and enhancing the accuracy of 

medical implants. Furthermore, Industry 4.0 can help to 

improve traceability and furnish data-driven intelligence, 

which can help to recognize and resolve problems quickly.  

Industry 4.0 has the potential to transform the medical 

device implant fabrication industry. Real-time data and 

intelligence can help augment efficiency, cut costs, and 

ensure quality control. As more producers adopt Industry 

4.0, it will likely become integral to the medical device 

implant fabrication process. Take a look at Figure 2. 

Industry 4.0 is a name given to the fourth industrial 

revolution, where daily manufacturing operations are 

mechanized and connected through the Internet of Things 

(IoT). The primary aim of Industry 4.0 is to assemble a 

unified system of production in which machines, 

procedures, and personnel are interconnected through the 

web and utilize big data analytics to amplify production 

proficiency and item excellence. In the medical device 

implant fabrication sector, Industry 4.0 has the potential to 

upend the production process [7]. It can aid manufacturers 

in boosting the accuracy, efficiency, and quality of their 

goods. Implementing Industry 4.0 in this industry can also 

reduce the cost of production, better customer gratification, 

and shorten the time to market. 

To begin the introduction of Industry 4.0 into the 

manufacturing of medical device implants, the primary 

objective is to identify those regions that require betterment. 

This can be accomplished by conducting a survey of the 

current production process and finding the locations where 

automation can be utilized to increase productivity. After 

the deficient areas have been identified, it is necessary to 

construct a cohesive system of production where machines, 

procedures, and personnel are linked via the Internet. This 

arrangement permits companies to observe and govern 

production from one platform. The subsequent action is to 

deploy big data analytics, which allows businesses to collect 

information from various sources, such as production 

machines, sensors, and consumer reviews, and apply this 

data to refine the production procedure. Through analysis of 

this information, companies can discover patterns, detect 

flaws, and make judgments based on current data. 
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Manufacturers must finally resort to sophisticated 

technologies such as 3D printing, robotics, and AI to 

increase their output's exactitude, efficiency, and excellence. 

These mechanisms can be utilized to automate activities, 

lower the cost of production, and better customer 

contentment. Introducing Industry 4.0 in the medical device 

implant manufacturing sector can potentially revolutionize 

the manufacturing procedure [7]. By incorporating these 

state-of-the-art technologies into their production process, 

manufacturers can augment their output's accuracy, 

effectiveness, and quality, lessen production costs, and 

heighten customer gratification. 

The medical device implant manufacturing industry 

benefits from adopting Industry 4.0, which facilitates 

enhanced traceability and quality control through real-time 

data tracking. Additionally, it enables swifter and more 

efficient production cycles with automated processes, 

leading to more incredible velocity and cost savings. 

Despite the clear advantages, there are drawbacks to be 

reckoned with, such as the hefty capital outlay for 

implementing new technologies and systems and the 

potential for human job displacement and security issues 

due to cyber-attacks [8]. However, with prudent strategies 

and investments, these constraints can be mitigated, and the 

perks of Industry 4.0 can be thoroughly enjoyed. 

5. Evolution of Industry 4.0 to Industry 5.0  
Industry 5.0 denotes the fifth industrial revolution, a 

fusion of the physical and virtual realms of production. 

Figure 3 shows this is an advancement in Industry 4.0, 

which concentrates on digitalization and automation of 

production. Industry 5.0 takes this to a higher level by 

assimilating Artificial Intelligence (AI) and robotics into the 

fabrication system, producing a "smart factory" that is more 

effective and cost-efficient. The basis of Industry 5.0 is 

digitalization, automation, and intelligence. Digitalization 

involves transforming tangible items into digital data [9]. 

Automation is the application of machines and robots to 

complete tasks with limited human involvement. 

Intelligence involves employing AI to refine processes and 

identify issues before their emergence. 

 

 
Fig. 3 Opportunities, Limitations, & Future Research [1] 
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Table 5. Technologies used in Industry 4.0 & Industry 5.0  

Industry 4.0 Industry 5.0 

Smart Manufacturing 
Autonomous 

Manufacturing 

Data-driven Automation 
Autonomous Systems and 

Process 

Cyber-physical System 
Artificial Intelligence (AI) 

and Robotics 

Internet of Things (IoT) 
Augmented Reality (AR) 

and Virtual Reality (VR) 

Cloud Computing 
Autonomous Supply 

Chains 

Predictive Maintenance Cognitive Maintenance 

 

Industry 5.0 is projected to bring countless advantages 

to producers, such as enhanced output, financial savings, 

and enhanced quality control. Manufacturers can boost 

effectiveness and minimize mistakes by capitalizing on AI 

and robotics. Additionally, data analytics can help uncover 

latent issues and optimize operations. The objective of 

Industry 5.0 is to build a "smart factory" where machines 

and robots can collaborate to create an effortless and 

efficient production process. By integrating digitalization, 

automation, and intellect, manufacturers can reach higher 

efficacy and cost savings [10]. Ultimately, Industry 5.0 will 

help bring forth a more sustainable and profitable 

manufacturing landscape. 

The mutation of Industry 4.0 to Industry 5.0 is 

metamorphosing the medical device implant fabrication 

method. With the advent of Industry 5.0, producers can now 

generate more effective, dependable, and inexpensive items, 

resulting in a surge in demand for these products and 

empowering medical device implant manufacturers to be 

more aggressive in the global market. Incorporating 

Industry 5.0 into medical device implant production has 

perils and prospects. One of the primary difficulties is the 

expenditure related to the amalgamation of new 

technologies and operations [11]. The technology is 

relatively novel, so the requisite hardware and software 

expenses can be excessive. Additionally, educating 

personnel to work with the new technology and processes 

can be costly and laborious. 

6. Relevance of Industry 5.0 with Medical 

Device Implant Manufacturing 
6.1.  Human-Machine Collaboration  

Medical device implant manufacturing in Industry 5.0 

requires close collaboration between humans and machines, 

which is vital to this concept. Optimization of the 

manufacturing process and compliance with rigorous 

industry regulations is achievable through the human-

machine partnership for medical device implant 

manufacturers [12]. The production process may benefit 

from integrating robotic automation to enhance efficiency 

while assuring accuracy and quality through human 

oversight. 

 

6.2. Cyber-Physical Systems 

Cyber-physical technology is a fundamental requirement for 

medical device implant manufacturing within the 

framework of Industry 5.0. By incorporating cyber-physical 

systems in their operations, medical device implant 

manufacturers can improve their ability to supervise the 

entire production cycle, which includes identifying potential 

concerns early while enhancing productivity. 

 

6.3. Data Analytics and Artificial Intelligence 

Industry 5.0 strongly emphasises data analytics and 

artificial intelligence, critical medical device implant 

manufacturing concepts. Data analytics and artificial 

intelligence can aid medical device implant manufacturers 

identify improvement opportunities within the production 

process [13]. Additionally, forecasting potential issues with 

the help of predictive analytics can assist in refining 

manufacturing procedures. 

 

6.4. Additive Manufacturing and Emerging Technologies 

Medical device implant manufacturers must leverage 

the benefits offered by additive manufacturing and other 

emerging technologies under Industry 5.0. Optimizing the 

production process while maintaining high-quality standards 

is possible for medical device implant manufacturers 

through emerging technologies like additive manufacturing 

[14]. Incorporating 3D printing for fast, complex part 

production and using augmented reality to offer immediate 

feedback to employees could be beneficial. 

 

6.5. Personalization and Customization 

Personalization and customization play a critical role in 

medical device implant manufacturing as they align with 

fundamental concepts of Industry 5.0. Personalization and 

customization allow medical device implant manufacturers 

to create products that better align with the unique 

requirements of each patient [15]. Custom-made implants 

can be produced using advanced techniques such as 3D 

printing, and utilizing AI algorithms is also an option. 

 

7. Conclusion Framework for Industry 5.0 

Integration in Medical Device Implant 

Manufacturing 
Adel (2022) illuminates the prospects of Industry 5.0 to 

overhaul society and offers an appraisal of its current state 

and foreseeable future. The author perceives several 

difficulties that could impede the effective execution of 

Industry 5.0, including a need for more public cognizance, 

proper infrastructure, and the demand for new technical 

solutions [1]. In addition, the article reflects on the 

possibility of Industry 5.0 to refine the quality of life for 

citizens by offering enhanced access to healthcare, 
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education, and transportation services. Additionally, the 

article alludes to the requirement for new research and 

development to ensure the effective implementation of 

Industry 5.0 in medical device implant fabrication.  

 

 
Fig. 4  Industry 5.0 applications [38] 

Expressly, Adel intimates that research should be 

directed towards establishing technologies that can deliver 

exact and dependable data, as well as technologies that can 

improve the efficacy and safety of the manufacturing process 

[1]. Moreover, Adel proposes that research be conducted to 

pinpoint the most productive methods for combining 

Industry 5.0 into existing manufacturing processes. In 

summation, this article provides a perspicacious synopsis of 

the potential of Industry 5.0 to revolutionize medical device 

implant fabrication and the potential challenges and research 

opportunities associated with its successful implementation. 

 

I. Santos' paper deliberates on the significance of 

product development protocols in the medical device 

industry. The writer investigates the prevailing methods 

employed in the industry and how they can be adjusted to 

assimilate Industry 5.0 inclusion. Moreover, the paper 

examines the influence of Industry 5.0 on the product 

development course, from pattern to fabrication and 

distribution [2]. It reveals that Industry 5.0 has brought the 

notion of 'intelligent' production and digital transformation, 

which has revolutionized how products are formulated and 

produced. It also insinuates that medical device producers 

must include the new technology to remain competitive. The 

paper further explores the likely problems related to 

amalgamating Industry 5.0 in medical device implant 

production, such as the requirement for high-grade data, high 

degrees of mechanization, and a transition from manual to 

automated operations. All in all, I. Santos' paper thoroughly 

overviews the current product development procedures used 

in the medical device industry and how they can be adjusted 

to embrace Industry 5.0 inclusion. It likewise provides a 

valuable system for medical device producers to ponder 

when forming their Industry 5.0 strategies. 

 

8. Case Studies of Industry 5.0 Integration in 

Medical Device Implant Manufacturing 
The significance of Industry 5.0 is becoming more and 

more palpable in the realm of medical device implant 

fabrication. This is because of the necessity for more 

competent, thrifty, and quality-driven manufacturing 

systems. Industry 5.0 emphasizes the amalgamation of cyber-

physical systems, the Internet of Things (IoT), artificial 

intelligence (AI), and cloud computing. This coalescence 

helps producers to elevate the exactitude and expediency of 

production procedures [16]. Intelligence sensors are a 

specimen of triumphant Industry 5.0 integration in medical 
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device implant fabrication. Savvy sensors are utilized to 

monitor the temperature, pressure, and other parameters of 

the manufacturing system [30]. This assists manufacturers in 

detecting and tackling any issues that arise promptly and 

precisely. This permits enhanced quality control and faster 

production. 

Integrating Industry 5.0 in manufacturing medical device 

implants has yielded beneficial outcomes, including 

leveraging AI-driven analytics to enable manufacturers to 

survey the production process in real time and pre-empt 

prospective snags. This has contributed to decreased 

extraness and optimized the entire production procedure. 

Moreover, cloud computing is employed to aid in the 

integration of Industry 5.0 in medical device implant 

fabrication, allowing for more collaborative and shared data 

storage and enabling more effective decisions and planning 

of production. Ultimately, the combination of intelligent 

sensors, AI-driven analytics, and cloud computing has 

refined the precision, efficiency, and excellence of medical 

device implant fabrication production processes. 

Industry 5.0 is the apogee of industrial development, 

coalescing physical production with digital technologies to 

form an integrated and automated production system. 

Implementing Industry 5.0 into medical device fabrication 

may yield substantive enhancements in production 

proficiency, caliber, and personalization. In terms of 

efficacy, Industry 5.0 technologies such as AI, robotics, and 

3D printing may abet the streamlining of production via 

automation and the elimination of manual processes, 

consequently reducing both cost and time investment [17]. 

Moreover, these same technologies may be used to survey 

production systems and detect areas of inefficiency, 

providing producers with an enriched capacity for optimizing 

their processes. 

Through the integration of Industry 5.0, the production 

process can be monitored in real-time, enabling the detection 

of any potential defects before they become problematic. 

Moreover, areas for improvement can be pinpointed and 

optimized to guarantee that products are produced of the 

highest caliber. Finally, customizability is increased by way 

of 3D printing, granting a personalized approach to implants, 

which can result in superior outcomes [18]. By exploiting the 

power of Industry 5.0, medical device implant producers can 

reap the rewards of greater efficiency, quality, and 

customization - thereby decreasing costs and satisfying 

customers. 

 

9. Opportunities and Challenges 
The infusion of Industry 5.0 into medical device implant 

fabrication necessitates a multifaceted appraisal of regulatory 

and ethical problems. From the regulatory standpoint, the 

industry must ensure that the medical device implant 

complies with all safety and efficacy regulations prescribed 

by controlling authorities. In addition, manufacturers must 

ascertain that the device is produced in harmony with Good 

Manufacturing Practices (GMPs). Ethically, the industry 

must guarantee that the device is made to safeguard the 

patient's autonomy and secrecy [19]. Furthermore, producers 

must ensure the device is not employed for unscrupulous or 

illegal aims. All these deliberations must be pondered when 

integrating Industry 5.0 into medical device implant 

fabrication. 

 

Integrating Industry 5.0 into medical device implant 

fabrication offers potential benefits and perplexing problems. 

One of the significant benefits is the capacity to train and 

upgrade personnel more effectively. Automation and data-

driven processes of Industry 5.0 enable employees to be 

better equipped with the newest technologies and systems, 

which can ultimately improve the efficacy and excellence of 

medical device implant manufacturing [20]. On the other 

hand, some challenges are associated with integrating 

Industry 5.0 into medical device implant production. One of 

the fundamental difficulties is the requirement for vast 

expenditure in training and up-skilling the labor force. For 

employees to effectively operate the most modern 

technologies and systems, they must be given instruction and 

upgraded, a process that requires considerable time and 

money, which can be difficult for medical device implant 

producers to afford. 

 

The potential of Industry 5.0 to revolutionize medical 

device implant manufacturing is substantial. Manufacturers 

can gain efficiency, cost savings, and product quality 

enhancements by utilizing sophisticated technologies such as 

IoT, AI, Big Data, Robotics, and 3D printing. Furthermore, 

Industry 5.0 enables the production of customized implants 

suited to individual patient requirements and greater 

traceability and visibility in the manufacturing process. 

Despite the immense benefits of Industry 5.0 integration, 

challenges regarding technology adoption and integration 

still need to be addressed [21]. Medical device implant 

manufacturers must invest in the necessary equipment and 

develop the capabilities to use it proficiently. Furthermore, 

security and compliance measures must be put in place to 

protect data and integrate systems and databases to ensure 

smooth data exchange. 

 

Implementing Industry 5.0 into medical implant 

production entails perks and conundrums regarding data 

privacy and safety. On the plus side, digital tools such as AI 

can heighten the dependability and usefulness of medical 

implants by providing real-time tracking and responses. This 

can lessen inaccuracies and amplify patient well-being [29]. 

On the other hand, applying digital tools also elevates the 

peril of data infringement since vulnerable patient data must 

be securely saved and defended. To guarantee data privacy 

and safety, manufacturers should remove unauthorized 

access, like scrambling data and limiting admittance to 
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certified personnel [22]. Furthermore, manufacturers must 

create a comprehensive data security plan to protect against 

data violations and ensure that patient data is not misused. 

 

10. Future Direction for Research and Practice  
The quickly evolving nature of emerging technologies 

and trends is revolutionizing the medical device implant 

production sector. From 3D printing to laser cutting and 

CNC machining - advanced digital fabrication techniques are 

revolutionizing manufacturing. With technology 

advancements, we can now quickly produce exact and 

complex medical implants while also cutting costs. Metals 

and polymers are increasingly used to create medical 

implants [28]. Improved performance, longevity, and 

compatibility with biology are all advantages of these 

modern materials over their traditional counterparts. 

Additionally, it should be noted that these materials may be 

personalized to cater to individual patient needs. 

The utilization of automation and robotics in medical 

device implant fabrication is rapidly becoming ubiquitous. 

This allows for enhanced precision, expeditiousness, and 

cost-effectiveness during fabrication. Moreover, automation 

and robotics can decrease the likelihood of human error and 

guarantee quality control. Finally, data analytics and artificial 

intelligence (AI) are also increasingly employed in medical 

device implant manufacturing. Data analytics and AI can be 

leveraged to discern trends and refine production procedures 

[23]. This can aid in upgrading product quality, diminishing 

expenses, and ensuring patient safety. Generally speaking, 

the medical device implant manufacturing sector is quickly 

evolving due to new technologies and trends, such as the 

migration to digital fabrication techniques, utilization of 

biocompatible materials, automation and robotics, and data 

analytics and AI. As these trends keep developing, the 

industry will persistently become more efficient and cost-

effective. 

 

 

11. Conclusion  
To summarize, this exploration has appraised the chance 

of implementing Industry 5.0 in the medical device implant 

manufacturing sector. It has been determined that Industry 

5.0 is a revolutionary industrial transformation that will lead 

to considerable alterations in the production of medical 

device implants [24]. Characterized by the amalgamation of 

the Internet of Things (IoT), extensive data, artificial 

intelligence (AI), and modern robotics in the manufacturing 

process, it has been evidenced that these technologies 

possess the potential to revolutionize the medical device 

implant manufacturing industry, providing more proficient 

and economical fabrication [25]. 

The analysis has underscored the need for devising a 

structure for the amalgamation of Industry 5.0 into the 

medical device implant fabrication industry. Such a structure 

should ponder the potential advantages and impediments 

linked with implementing Industry 5.0 technologies, in 

addition to the regulatory stipulations for medical device 

implants [26]. Moreover, the structure should incorporate the 

formation of a roadmap for the amalgamation of Industry 5.0 

technologies and contemplate the potential effect on extant 

production processes and systems. 

This review has elucidated the feasibility of 

implementing Industry 5.0 into the medical device implant 

manufacturing sector. It has highlighted the necessity of 

constructing a paradigm to guide the integration of Industry 

5.0 technologies. It has granted cognizance of their 

deployment's potential rewards and impediments [27]. The 

outcomes of this review have ramifications for the medical 

device implant manufacturing industry. They can be 

employed to formulate a model for integrating Industry 5.0 

technologies. 

References 
[1] Amr Adel, “Future of Industry 5.0 in Society: Human-Centric Solutions, Challenges and Prospective Research Areas,” Journal of 

Cloud Computing, vol. 11, no. 1, 2022. [CrossRef] [Google Scholar] [Publisher Link]  

[2] Isa C.T. Santos, “Product Development Methodologies: The Case of Medical Devices,” Thesis, Universidade do Porto (Portugal), 

2013.  [Google Scholar] [Publisher Link] 

[3] Jiewu Leng et al., “Industry 5.0: Prospect and Retrospect,” Journal of Manufacturing Systems, vol. 65, pp. 279–295, 2022. [CrossRef] 

[Google Scholar] [Publisher Link] 

[4] Brenna Sniderman, Monika Mahto, and Mark J. Cotteleer, Industry 4.0 and Manufacturing Ecosystems, Exploring the World of 

Connected Enterprises, Deloitte University Press, 2016. [Google Scholar] [Publisher Link] 

[5] Alberto Galasso, and Hong Luo, “Risk Perception, Tort Liability, and Emerging Technologies,” Policy Commons, Brookings 

Institution, 2021. [Google Scholar] [Publisher Link] 

[6] Hardi Yash Rajesh, and Dsouza Erol Christopher, “Factors Affecting the Implementation of Additive Manufacturing Technology in 

Healthcare,” Independent Thesis Advanced level, Uppsala University, 2021.  [Google Scholar] [Publisher Link] 

[7] Neil Lunt et al., “Medical Tourism: Treatments, Markets and Health System Implications: A Scoping Review,” Directorate for 

Employment, Labour and Social Affairs, 2020. [Google Scholar] [Publisher Link] 

[8] Francisco Almada Lobo, “Industry 4.0 - Manufacturing and the Future of Medical Things,” Asian Hospital and Healthcare 

Management, 2020. [Google Scholar] [Publisher Link] 

https://doi.org/10.1186/s13677-022-00314-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Future+of+industry+5.0+in+society%3A+Human-Centric+Solutions%2C+challenges+and+prospective+research+areas%2C&btnG=
https://journalofcloudcomputing.springeropen.com/articles/10.1186/s13677-022-00314-5
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Product+development+methodologies%3A+The+case+of+medical+devices+-+core&btnG=
https://www.proquest.com/openview/bdd58407d88cc73faaefe342e0c82cb2/1?pq-origsite=gscholar&cbl=2026366
https://doi.org/10.1016/j.jmsy.2022.09.017
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0%3A+Prospect+and+retrospect%2C&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0278612522001662
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0+and+Manufacturing+Ecosystems%2C+Exploring+the+World+of+Connected+Enterprises&btnG=
https://www2.deloitte.com/content/dam/Deloitte/de/Documents/consumer-industrial-products/Deloitte-Industry-4-0-and-manufacturing-ecosystems.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Risk+perception%2C+tort+liability%2C+and+emerging+technologies&btnG=
https://policycommons.net/artifacts/4144069/risk-perception-tort-liability-and-emerging-technologies/4953018/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Factors+Affecting+the+Implementation+of+Additive+Manufacturing+Technology+in+Healthcare&btnG=
https://www.diva-portal.org/smash/record.jsf?dswid=-8269&pid=diva2%3A1601672
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Medical+Tourism%3A+Treatments%2C+Markets+and+Health+System+Implications%3A+A+scoping+review%2C%E2%80%9D+&btnG=
https://www.birmingham.ac.uk/documents/college-social-sciences/social-policy/hsmc/publications/2011/medical-tourism-scoping-review.pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0+-+Manufacturing+and+the+future+of+medical+things&btnG=
https://www.asianhhm.com/technology-equipment/industry-manufacturing-future-medical-things


Deep Manishkumar Dave / IJCTT, 71(10), 1-11, 2023 

 

10 

[9] Xiang Li, “Adoption of Additive Manufacturing in Hospitals - Multiple Case Study,” Independent Thesis Advanced level, Uppsala 

University, 2022. [Google Scholar] [Publisher Link]  

[10] Sean Reynolds, “Factors Influencing Surgeon Adoption of Technology in the Medical Device Industry,” Dissertation, Georgia State 

University, 2020. [CrossRef] [Google Scholar] [Publisher Link] 

[11] ELAC, Digital Technologies for a New Future, 2022. [Online]. Available: 

https://www.cepal.org/sites/default/files/publication/files/46817/S2000960_en.pdf 

[12] Razan Alkhazaleh, Konstantinos Mykoniatis, and Ali Alahmer, “The Success of Technology Transfer in the Industry 4.0 Era: A 

Systematic Literature Review,” Journal of Open Innovation: Technology, Market, and Complexity, vol. 8, no. 4, 2022. [CrossRef] 

[Google Scholar] [Publisher Link] 

[13] DesignTech, Benefits of Industry 4.0 and Medical Devices, 2020. [Online]. Available: 

https://www.designtechproducts.com/articles/medical-devices-industry-4  

[14] Francisco Betti, Mirko Meboldt, and Christian Seidel, “An Additive Manufacturing Breakthrough: A How-to Guide for Scaling and 

Overcoming Key Challenges,” World Economic Forum, 2022. [Google Scholar] [Publisher Link] 

[15] M. Scerri et al., “Impacts of Additive Manufacturing for the Surgical and Medical Device Supply Chain,” Association of Supply Chain 

Management (ASCM), pp. 1-46, 2022. [Google Scholar] [Publisher Link] 

[16] Jean-Pierre Boutrand, Biocompatibility and Performance of Medical Devices, San Diego: Elsevier Science & Technology, 2019. 

[Google Scholar] [Publisher Link] 

[17] Dennis Fitzpatrick, Implantable Electronic Medical Devices, Elsevier/Academic Press, 2014. [Google Scholar] [Publisher Link] 

[18] Selim Safali et al., “The Possibilities of Personalized 3D Printed Implants—A Case Series Study,” Medicina, vol. 59, no. 2, pp. 1-12, 

2023. [CrossRef] [Google Scholar] [Publisher Link] 

[19] Robert B. Heimann, “Silicon Nitride, a Close to Ideal Ceramic Material for Medical Application,” Ceramics, vol. 4, no. 2, pp. 208-223, 

2021. [CrossRef] [Google Scholar] [Publisher Link] 

[20] Jesus Hamilton Ortiz, Industry 4.0: Current Status and Future Trends, InTechOpen, 2020. [CrossRef] [Google Scholar] [Publisher 

Link] 

[21] Klaus Schwab, The Fourth Industrial Revolution, New York, Currency, 2017. [Google Scholar] [Publisher Link] 

[22] Akshi Kumar, and Anand Nayyar, “Si3-Industry: A Sustainable, Intelligent, Innovative, Internet-of-Things Industry,” A Roadmap to 

Industry 4.0: Smart Production, Sharp Business and Sustainable Development, pp. 1–21, 2019. [CrossRef] [Google Scholar] [Publisher 

Link] 

[23] Erwin Rauch, and Dominik T. Matt, Status of the Implementation of Industry 4.0 in SMEs and Framework for Smart Manufacturing, 

Implementing Industry 4.0 in SMEs, pp. 3–26, 2021. [CrossRef] [Google Scholar] [Publisher Link] 

[24] Leszek A. Dobrzański, and Anna D. Dobrzańska-Danikiewicz, “Why Are Carbon-Based Materials Important in Civilization Progress 

and Especially in the Industry 4.0 Stage of the Industrial Revolution,” Materials Performance and Characterization, vol. 8, no. 3, pp. 

337-370, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[25] Pandiaraj Manickam et al., “Artificial Intelligence (AI) and Internet of Medical Things (IOMT) Assisted Biomedical Systems for 

Intelligent Healthcare,” Biosensors, vol. 12, no. 8, pp. 1-29, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[26] Abid Haleem, and Mohd Javaid, “Industry 5.0 and its Applications in Orthopaedics,” Journal of Clinical Orthopaedics and Trauma, 

vol. 10, no. 4, pp. 807–808, 2019. [CrossRef] [Google Scholar] [Publisher Link] 

[27] Yeun-Ho Joung, “Development of Implantable Medical Devices: From an Engineering Perspective,” International Neurourology 

Journal, vol. 17, no. 3, pp. 98-106, 2013. [CrossRef] [Google Scholar] [Publisher Link] 

[28] Eric Schaeffer, Industry X.0 Realizing Digital Value in Industrial Sectors, Perlego, Kogan Page, 2017.  [Google Scholar] [Publisher 

Link] 

[29] Cuie Wen, Metallic Biomaterials Processing and Medical Device Manufacturing, Ghent University Library, Woodhead Publishing, 

2021. [Google Scholar] [Publisher Link] 

[30] Adam Bohr, and Kaveh Memarzadeh, “Artificial Intelligence in Healthcare, Academic Press, 2020. [Google Scholar] [Publisher Link] 

[31] Joaquín Ordieres-Meré, Miguel Gutierrez, and Javier Villalba-Díez, “Toward the Industry 5.0 Paradigm: Increasing Value Creation 

through the Robust Integration of Humans and Machines,” Computers in Industry, vol. 150, 2023. [CrossRef] [Google Scholar] 

[Publisher Link] 

[32] Attila Tóth et al., “The Human-Centric Industry 5.0 Collaboration Architecture,” MethodsX, vol. 11, 2023. [CrossRef] [Google 

Scholar] [Publisher Link] 

[33] Morteza Ghobakhloo et al., “Identifying Industry 5.0 Contributions to Sustainable Development: A Strategy Roadmap for Delivering 

Sustainability Values,” Sustainable Production and Consumption, vol. 33, pp. 716–737, 2022. [CrossRef] [Google Scholar] [Publisher 

Link] 

[34] P. Paramasivan et al., “Embracing Industry 5.0: Pioneering Next-Generation Technology for a Flourishing Human Experience and 

Societal Advancement,” FMDB Transaction on Sustainable Social Science Letters, vol. 1, no. 1, 43-55, 2023.  [Google Scholar]  

https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Adoption+of+Additive+Manufacturing+in+Hospitals+-+Multiple+Case+Study&btnG=
https://www.diva-portal.org/smash/record.jsf?dswid=-8269&pid=diva2%3A1676285
https://doi.org/10.57709/17702268
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Factors+Influencing+Surgeon+Adoption+of+Technology+in+the+Medical+Device+Industry.&btnG=
https://scholarworks.gsu.edu/bus_admin_diss/133/
https://doi.org/10.3390/joitmc8040202
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+success+of+technology+transfer+in+the+Industry+4.0+ERA%3A+A+Systematic+Literature+Review&btnG=
https://www.sciencedirect.com/science/article/pii/S2199853123000884
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=An+additive+manufacturing+breakthrough%3A+A+how-to+guide+for+scaling+and+overcoming+key+challenges%2C%E2%80%9D+.&btnG=
https://www.weforum.org/whitepapers/an-additive-manufacturing-breakthrough-a-how-to-guide-for-scaling-and-overcoming-key-challenges
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Impacts+of+Additive+Manufacturing+for+the+Surgical+and+Medical+Device+Supply+Chain&btnG=
https://opus.lib.uts.edu.au/handle/10453/148236
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%2C+Biocompatibility+and+Performance+of+Medical+Devices&btnG=
https://books.google.co.in/books?hl=en&lr=&id=kte_DwAAQBAJ&oi=fnd&pg=PP1&dq=,+Biocompatibility+and+Performance+of+Medical+Devices&ots=3gqeAOCXl6&sig=RlVCeUc-Nuq5UlMQU29XYM6k1cc&redir_esc=y#v=onepage&q=%2C%20Biocompatibility%20and%20Performance%20of%20Medical%20Devices&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Implantable+Electronic+Medical+Devices&btnG=
https://shop.elsevier.com/books/implantable-electronic-medical-devices/fitzpatrick/978-0-12-416556-4
https://doi.org/10.3390/medicina59020249
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+possibilities+of+personalized+3D+printed+implants%E2%80%94a+case+series+study&btnG=
https://www.mdpi.com/1648-9144/59/2/249
https://doi.org/10.3390/ceramics4020016
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Silicon+Nitride%2C+a+close+to+ideal+ceramic+material+for+medical+application&btnG=
https://www.mdpi.com/2571-6131/4/2/16
http://dx.doi.org/10.5772/intechopen.86000
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+4.0%3A+Current+status+and+future+trends%2C%E2%80%9D&btnG=
https://library.oapen.org/handle/20.500.12657/43836
https://library.oapen.org/handle/20.500.12657/43836
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+Fourth+Industrial+Revolution&btnG=
https://www.amazon.in/Fourth-Industrial-Revolution-Klaus-Schwab/dp/1524758868
https://doi.org/10.1007/978-3-030-14544-6_1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Si3-industry%3A+A+sustainable%2C+intelligent%2C+innovative%2C+internet-of-things+industry%2C%E2%80%9D&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-14544-6_1
https://link.springer.com/chapter/10.1007/978-3-030-14544-6_1
https://doi.org/10.1007/978-3-030-70516-9_1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Status+of+the+implementation+of+industry+4.0+in+smes+and+framework+for+Smart+Manufacturing&btnG=
https://link.springer.com/chapter/10.1007/978-3-030-70516-9_1
https://doi.org/10.1520/MPC20190145
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Why+are+carbon-based+materials+important+in+civilization+progress+and+especially+in+the+industry+4.0+stage+of+the+Industrial+Revolution&btnG=
https://www.astm.org/mpc20190145.html
https://doi.org/10.3390/bios12080562
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Artificial+Intelligence+%28AI%29+and+internet+of+medical+things+%28IOMT%29+assisted+biomedical+systems+for+Intelligent+Healthcare%2C%E2%80%9D+&btnG=
https://www.mdpi.com/2079-6374/12/8/562
https://doi.org/10.1016/j.jcot.2018.12.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0+and+its+applications+in+orthopaedics&btnG=
https://www.journal-cot.com/article/S0976-5662(18)30696-9/fulltext
https://doi.org/10.5213/inj.2013.17.3.98
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Development+of+implantable+medical+devices%3A+From+an+engineering+perspective&btnG=
https://einj.org/journal/view.php?id=10.5213/inj.2013.17.3.98
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+X.0+Realizing+Digital+Value+in+Industrial+Sectors&btnG=
https://www.perlego.com/book/1589408/industry-x0-realizing-digital-value-in-industrial-sectors-pdf
https://www.perlego.com/book/1589408/industry-x0-realizing-digital-value-in-industrial-sectors-pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Metallic+biomaterials+processing+and+medical+device+manufacturing&btnG=
https://books.google.co.in/books?hl=en&lr=&id=2dLVDwAAQBAJ&oi=fnd&pg=PP1&dq=Metallic+biomaterials+processing+and+medical+device+manufacturing&ots=o1EPdmRF2Y&sig=erew51T7CaAaUtvjmFGLpBr8lqA&redir_esc=y#v=onepage&q=Metallic%20biomaterials%20processing%20and%20medical%20device%20manufacturing&f=false
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=7.2+The+development+of+artificial+intelligence+in+medical+devices&btnG=
https://books.google.co.in/books?hl=en&lr=&id=FDLXDwAAQBAJ&oi=fnd&pg=PP1&dq=7.2+The+development+of+artificial+intelligence+in+medical+devices&ots=-SNPRyE8KA&sig=WEIHRtlMxFPOIhvR1Ic5yQvwhOw&redir_esc=y#v=onepage&q=7.2%20The%20development%20of%20artificial%20intelligence%20in%20medical%20devices&f=false
https://doi.org/10.1016/j.compind.2023.103947
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Toward+the+industry+5.0+paradigm%3A+Increasing+value+creation+through+the+robust+integration+of+humans+and+machines&btnG=
https://www.sciencedirect.com/science/article/pii/S0166361523000970
https://doi.org/10.1016/j.mex.2023.102260
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+human-centric+industry+5.0+collaboration+architecture&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=The+human-centric+industry+5.0+collaboration+architecture&btnG=
https://www.sciencedirect.com/science/article/pii/S2215016123002571
https://doi.org/10.1016/j.spc.2022.08.003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Identifying+industry+5.0+contributions+to+sustainable+development%3A+A+strategy+roadmap+for+delivering+sustainability+values&btnG=
https://www.sciencedirect.com/science/article/pii/S2352550922002093
https://www.sciencedirect.com/science/article/pii/S2352550922002093
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Embracing+Industry+5.0%3A+Pioneering+Next-Generation+Technology+for+a+Flourishing+Human+Experience+and+Societal+Advancement&btnG=


Deep Manishkumar Dave / IJCTT, 71(10), 1-11, 2023 

 

11 

[35] Sandra Grabowska, Sebastian Saniuk, and Bożena Gajdzik, “Industry 5.0: Improving Humanization and Sustainability of Industry 4.0,” 

Scientometrics, vol. 127, no. 6, pp. 3117–3144, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[36] Saeid Nahavandi, “Industry 5.0—A Human-Centric Solution,” Sustainability, vol. 11, no. 16, pp. 1-13, 2019. [CrossRef] [Google 

Scholar] [Publisher Link] 

[37] Chitra Lekha Karmaker et al., “Industry 5.0 Challenges for Post-Pandemic Supply Chain Sustainability in an Emerging Economy,” 

International Journal of Production Economics, vol. 258, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[38] Praveen Kumar Reddy Maddikunta et al., “Industry 5.0: A Survey on Enabling Technologies and Potential Applications,” Journal of 

Industrial Information Integration, vol. 26, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

[39] Joel Alves et al., “Is Industry 5.0 A Human-Centred Approach? A Systematic Review,” Processes, vol. 11, no. 1, pp. 1-15, 2023. 

[CrossRef] [Google Scholar] [Publisher Link] 

[40] Moin Khan, Abid Haleem, and Mohd Javaid, “Changes and Improvements in Industry 5.0: A Strategic Approach to Overcome the 

Challenges of Industry 4.0,” Green Technologies and Sustainability, vol. 1, no. 2, 2023. [CrossRef] [Google Scholar] [Publisher Link] 

[41] Nawal Bensassi et al., “Sustainable Manufacturing in Industry 4.0 Context: Theoretical Background and Multi-Agent 

Architecture,” International Journal of Engineering Trends and Technology, vol. 70, no. 12, pp. 179-193, 2022. [CrossRef] [Publisher 

Link] 

[42] Sihan Huang et al., “Industry 5.0 and Society 5.0—Comparison, Complementation and Co-Evolution,” Journal of Manufacturing 

Systems, vol. 64, pp. 424–428, 2022. [CrossRef] [Google Scholar] [Publisher Link] 

 

 

 

 

https://doi.org/10.1007/s11192-022-04370-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0%3A+Improving+humanization+and+Sustainability+of+Industry+4.0&btnG=
https://link.springer.com/article/10.1007/s11192-022-04370-1
https://doi.org/10.3390/su11164371
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0%E2%80%94a+human-centric+solution&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0%E2%80%94a+human-centric+solution&btnG=
https://www.mdpi.com/2071-1050/11/16/4371
https://doi.org/10.1016/j.ijpe.2023.108806
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0+Challenges+For+Post-Pandemic+Supply+Chain+Sustainability+In+An+Emerging+Economy&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0925527323000385
https://doi.org/10.1016/j.jii.2021.100257
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0%3A+A+survey+on+enabling+technologies+and+potential+applications&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S2452414X21000558
https://doi.org/10.3390/pr11010193
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Is+industry+5.0+a+human-centred+approach%3F+A+systematic+review&btnG=
https://www.mdpi.com/2227-9717/11/1/193
https://doi.org/10.1016/j.grets.2023.100020
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Changes+and+improvements+in+industry+5.0%3A+A+strategic+approach+to+overcome+the+challenges+of+industry+4.0%2C&btnG=
https://www.sciencedirect.com/science/article/pii/S2949736123000131
https://doi.org/10.14445/22315381/IJETT-V70I12P219
https://ijettjournal.org/archive/ijett-v70i12p219
https://ijettjournal.org/archive/ijett-v70i12p219
https://doi.org/10.1016/j.jmsy.2022.07.010
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Industry+5.0+and+society+5.0%E2%80%94comparison%2C+complementation+and+co-evolution%2C&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0278612522001224

