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ABSTRACT 

This abstract discusses the transformative impact of 3D printing on the healthcare industry. It introduces the 

concept of additive manufacturing through 3D printing, highlighting its utilization of computer-aided design to 

create three-dimensional objects using various materials. The narrative explores the intersection of technology 

and healthcare, focusing on how 3D printing has emerged as a ground-breaking instrument with the potential to 

revolutionize patient care, research, and treatment options. 

The study aims to investigate the diverse applications of 3D printing in healthcare, emphasizing its uses, 

advantages, and challenges. It addresses the rising demand for customized medical devices and the need to cut 

costs without compromising quality. The research delves into the current status of 3D printing in healthcare, its 

integration into clinical practice, and its future potential. Furthermore, it explores ethical, legal, and financial 

considerations surrounding 3D printing in healthcare, examining its impact on patient care and the broader 

healthcare ecosystem. 

The narrative underlines the significant improvements brought about by 3D printing in the medical industry, 

including the development of surgical guides, prosthetics, and patient-specific replicas of bones, organs, and 

blood vessels. It notes the advancements in product characteristics such as strength and safety, reduced lead times, 

and lower costs. 

Despite these advancements, challenges are acknowledged, such as the lack of clear regulations for ensuring the 

safety and effectiveness of 3D-printed medical devices. Issues with raw materials, cost implications, and 

limitations on printable materials are also discussed. The global market size for 3D printing in 2022 is mentioned, 

projecting significant growth with a compound annual growth rate (CAGR) of 23.3% from 2023 to 2030. 

In summary, the abstract provides a comprehensive overview of the evolving landscape of 3D printing in 

healthcare, addressing its potential benefits, challenges, and the need for further exploration in this dynamic 

intersection of technology and healthcare. 
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CHAPTER -1 

INTRODUCTION 

 

THE ROLE OF 3D PRINTING IN HEALTHCARE SECTORE 

Through a layering process known as additive manufacturing, 3D printing employs computer-aided design to 

produce three-dimensional items. In order to construct items of different forms, sizes, rigidities, and colours, 

layers of materials such as plastics, composites, or biomaterials are used. 

A new age of innovation has begun as a result of the fusion of technology and healthcare, changing how doctors 

approach patient care, research, and treatment options. Among the many new technologies that have appeared in 

recent years, 3D printing stands out as a ground-breaking instrument that has the potential to change the face of 

the healthcare sector. This game-changing technology, originally created for fast prototyping in industry, has 

found an amazing use in healthcare, providing previously unheard-of opportunities for customisation, efficiency, 

and patient-centric solutions. The healthcare industry is faced with a number of issues, including the rising 

demand for customized medical devices and implants and the pressing need to cut costs without sacrificing 

quality. The revolutionary technology of 3D printing, commonly referred to as additive manufacturing, has arisen 

as a solution to these problems. By depositing material layer by layer, it makes use of computer-aided design 

(CAD) software to build complex and highly personalized items. This translates into the capacity to develop, 

among other things, medications, anatomical models, implants, and prostheses tailored to individual patients in 

the healthcare industry. 

This study aims to investigate the varied functions of 3D printing in the healthcare industry, focusing on its uses, 

advantages, and difficulties. This research seeks to offer a thorough overview of this developing topic by 

investigating the present status of 3D printing in healthcare, its incorporation into clinical practice, and its 

potential for future developments. In addition, it aims to clarify the ethical, legal, and financial issues that surround 

3D printing in healthcare, as well as its effects on patient care and the larger healthcare ecosystem. We will 

discover how 3D printing is altering patient care, medical research, and the healthcare industry as a whole as we 

go on our trip across the intersections of technology and healthcare. We may better appreciate the disruptive 

technology's potential to improve patient outcomes, improve medical education, and drive innovation in the ever-

changing field of healthcare if we grasp its capabilities and limits. 

The medical industry is known to be most advanced in the way in which new treatments and methods have been 

developed. 

One of the ways in which the medical industry has been improved and enhanced is using 3D printers. 3D printing 

in healthcare makes it possible for medical professionals to provide patients with a new form of treatment in 

several ways. 3D printing is used for the development of new surgical cutting and drill guides, prosthetics as well 

as the creation of patient-specific replicas of bones, organs, and blood vessels. Recent advances of 3D printing in 

healthcare have led to lighter, stronger, and safer products, reduced lead times and lower costs. 
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The global 3D printing market size was valued at USD 16.75 billion in 2022 and is projected to grow at a 

compound annual growth rate (CAGR) of 23.3% from 2023 to 2030. 

However, there are several challenges associated with 3D printing in healthcare. One challenge is the lack of 

regulation. Because 3D printing is a relatively new technology, there are no clear guidelines on how to ensure 

that medical device created using 3D printers are safe and effective. (“Benefits & Challenges of 3D Printing in 

Healthcare | Healthie”) 

Issues with raw materials are also a limitation. Most, like the plastics used for a new set of teeth, need to be 

grounded into small particles for the printer. This is not cheap. "The printed product like the teeth may need 

additional smoothing out and polishing to deal with bumps and rough spots." (“3 Challenges to 3D Printing in 

Healthcare - Cybernet Blog”) 

There's a limited number of materials that can be used in 3D printing. Composite devices or devices that require 

special, non-printable materials or components may be difficult or impossible to 3D print without cutting some 

corners. 

 RESEARCH OBJECTIVES 

 To examine the current applications of 3D printing in the healthcare sector for sustainable practices in 

Jalandhar Hospitals. 

 Examine the usage of 3D printing in dentistry in selected hospitals in Jalandhar 

 Examine the usage of 3D printing in Cardiology in selected hospitals in Jalandhar 

 Examine the usage of 3D printing in artificial limbs in selected hospitals in Jalandhar 

 To explore the economic benefits of implementing 3D printing in the healthcare sector. 

 To identify challenges and barriers to the widespread adoption of 3D printing in the healthcare sector. 

SCOPE OF 3D PRINTING IN HEALTHCARE SECTOR 

3D printers can produce extremely accurate and detailed anatomical models to help surgeons prepare for complex 

procedures, resulting in improved outcomes and at a lower cost. 3D technology cuts time spent in surgery. 

 Bioprinting tissues and organoids 

 Surgery preparation assisted by the use of 3D printed models. 

 3D printing of surgical instruments 

 Custom-made prosthetics using 3D printing 
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CHAPTER -2 

REVIEW OF LITERATURE  

2.1 A global sustainability perspective on 3D printing technologies Energy Policy Netherlands 2014. (“A 

global sustainability perspective on 3D printing technologies”) 

Author- Malte Gebler, Anton J.M. Schoot Uiterkamp, and Cindy Visser 

This study is anticipated to help in the adoption and implementation of 3D printing technologies in a manner that 

optimizes their sustainability advantages. This study is anticipated to help in the adoption and implementation of 

3D printing technologies in a manner that optimizes their sustainability advantages. Recognize the impact of 3D 

printing on production in the industrial sector. Calculate how 3D printing has affected expenses, energy use, and 

CO2 emissions. Determining how 3D printing could improve sustainability risk factors for making decisions that 

are sustainable. This study is anticipated to help in the adoption and implementation of 3D printing technologies 

in a manner that optimizes their sustainability advantages. Development of environmentally friendly materials for 

3D printing devices energy efficiency Innovative, ecologically friendly 3D printing techniques are being 

developed. Development of environmentally friendly materials, enhancement of energy efficiency, and 

innovative ecologically friendly process development use of both quantitative and qualitative methodologies, 

Approach based on scenarios and comprehensive analysis. Employ sustainable materials. Enhance print settings. 

print after-processing Reuse prints. software applications for improving print settings, Hardware devices to cut 

energy usage Hardware for recycling prints, as well as hardware for decreasing material waste. 

2.2 .  Regulatory Considerations in the Design and Manufacturing of Implantable 3D‐Printed Medical 

Devices. 

Author- Morrison, R. J., Kashlan, K. N., Flanangan, C. L., Wright, J. K., Green, G. E., Hollister, S. J., & 

Weatherwax, K. J. (2015, August 3) 

Provided an overview of the regulatory considerations that need to be taken into account when designing and 

manufacturing implantable 3D-printed medical devices. Discuss the unique challenges and opportunities 

associated with 3D printing technology in the context of medical device regulation. Highlight the importance of 

design control, quality assurance, and post-market surveillance for implantable 3D-printed medical devices. To 

provide a comprehensive overview of the regulatory considerations that need to be taken into account when 

designing and manufacturing implantable 3D-printed medical devices. Discusses the unique challenges and 

opportunities associated with 3D printing technology in the context of medical device regulation. Provides 

valuable guidance to researchers, clinicians, and manufacturers who are working in the field of implantable 3D-

printed medical devices. Government regulations, Industry standards, Scientific papers, Literature review, Expert 

interviews, Case studies, Material selection, Design, Manufacturing process Computer-aided design (CAD) Finite 

element analysis (FEA) Selective laser sintering (SLS) 3D printing software 3D printing hardware 3D printing 

hardware Post-processing equipment Quality control equipment 3D scanners Computer-aided manufacturing 
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(CAM) software Metrology equipment Sterilization equipment Orthopaedics Dentistry Cardiovascular surgery 

Neurovascular surgery Tissue engineering The results obtained and expected from the design and manufacturing 

of implantable 3D-printed medical devices are very promising.3D printing has the potential to revolutionize the 

way that medical conditions are treated. However, it is important to note that this is still an emerging field, and 

more research is needed to develop and commercialize safe and effective implantable 3D-printed medical devices. 

Personalized medicine tissue engineering Regenerative medicine Technological advancements Regulatory 

hurdles, Cost Reimbursement ,Regulatory compliance Material selection Design Manufacturing process Cost 

Reimbursement. 

2.3 Three-Dimensional Printing of Medicinal Products and the Challenge of Personalized Therapy Journal 

of Pharmaceutical Sciences Italy 2017. 

Author- Lucia Zema, Alice Melocchi, Alessandra Maroni, Andrea Gazzaniga 

Analyzing the viability of 3D printing in the production of bespoke drugs, evaluating the administrative, health, 

and quality aspects of 3D-printed prescriptions, and describing the benefits and limitations of individualized care. 

Examining the impact of 3D imprinting on adherence and treatment outcomes The goal of Three-Layered Printing 

of Restorative Items and the Test of Customized Treatment is to examine the viability and implications of 

adopting 3D printing technology for bespoke medication assembly and treatment, with an emphasis on 

administrative, quality, and ethical considerations. The goal of three-layer printing of restorative items and the 

test of customized treatment is to advance knowledge of how 3D printing may alter medication manufacture and 

personalized treatment while addressing associated challenges and opening possibilities. experimental research 

on printing drugs in 3D Analytical testing and quality assurance for 3D-printed pharmaceuticals Pharmaceutical 

printing regulations: an analysis surveys or interviews with subject-matter experts Implications of tailored therapy 

from an ethical perspective repurpose prints assessment of the literature on pertinent research and writings 

experimental research on printing drugs in 3D Analytical testing and quality assurance for 3D-printed 

pharmaceuticals Pharmaceutical printing regulations: an analysis Implications of tailored therapy from an ethical 

perspective Redesigned medication programs are made to meet the needs of each unique patient. creation of 

bizarre drug mixtures in a single measurement framework Through the adoption of a tolerance-focused approach, 

medication adherence was strengthened. The resulting effects of three layers Experiences from printing reparative 

items and testing tailored treatments are incorporated into the potential of 3D printing to produce personalized 

medications. The effects of three-layered printing of restorative items and the trial of customized therapy provide 

insights into the potential of 3D printing for producing customized drugs, highlighting quality and administrative 

considerations as well as the dedication to patient-driven care. 
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2.4  A Review of 3D Printing Technology for Medical Applications Engineering China 2018. 

Author- Qian Yan a, Hanhua Dong b, Jin Su a, Jianhua Han c, Bo Song a, Qingsong Wei a, Yusheng Shi: 

A Survey of 3D Printing Innovation for Clinical Applications aims to provide an overview of the various 3D 

printing advances and strategies available for clinical applications, including prosthetics, inserts, physical models, 

and medication conveyance. The study also examines the materials used in clinical 3D printing, including 

biocompatible materials, and their suitability for different applications. The goal is to evaluate the current status 

and capability of 3D printing in meeting various clinical requirements and challenges. The study includes 

published research articles, clinical trial data, technical specifications, case studies, patient outcomes, material 

data, ethical and regulatory guidelines, and historical data. It also includes literature reviews, data collection, 

content analysis, comparative analysis, critical evaluation, synthesis and integration, and discussion and 

conclusion. 

The study covers various clinical applications, including customized prosthetics, patient-specific implants, 

personalized medications, anatomical models, dental restorations, medical training aids, and healthcare 

accessibility. The future direction of 3D printing innovation lies in enabling further customization, cost-

effectiveness, and research consideration in fields ranging from prosthetics to sedate conveyance. The audit 

analyses factors such as mechanical barriers, administrative considerations, material development, clinical 

adequacy, and the moral implications of 3D printing in clinical applications. Challenges include administrative 

obstacles, quality control, material biocompatibility, and the need for standardized processes in 3D printing for 

clinical purposes. 

2.5  Envisioning smart and sustainable healthcare: 3D Printing technologies for personalized medication 

Futures Italy 2018. 

Author- Rita Patrizia Aquino, Sergio Barile, Antonio Grasso, Marialuisa Saviano 

The use of 3D printing in sustainable healthcare with an emphasis on the ability to develop individualized 

medications with accurate dosages catered to the requirements of specific patients. In order to ensure that 

medicines are administered appropriately for maximum efficacy, it also covers the creation of medication 

discharge profiles. The article also covers the use of 3D printing to produce experimental medications and phony 

treatments with identical properties to support clinical preliminary studies. Additionally, the usage of workable 

materials, post-process prints, and reused prints are covered. The essay also covers the application of 3D printing 

in emergency circumstances, notably in rural or underdeveloped regions with little access to pharmacies. The 

article also touches on how 3D printing might be used in customized medicine to treat a larger spectrum of 

illnesses and enhance drug delivery techniques for better patient care. The piece also touches on ethical aspects, 

sustainability, and problems with intellectual property. 
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2.6  Multi-material 3D printing for percutaneous surgical drains Victoria University of Wellington New 

Zealand 2018. 

Author- Isabelle Hawkins 

This research aims to improve the efficiency of percutaneous drains in medical procedures by leveraging design 

research and multi-material 3D printing technology. The research process involves interdisciplinary collaboration, 

using tools like Autodesk Fusion 360 for 3D modelling and printing. The Double Diamond design process model 

is used to guide the exploration and investigation, with stages including discovery, definition, development, and 

delivery. Background research is crucial for understanding the benefits of RfD in design, which is integrated into 

the Double Diamond diagram. The research process involves a series of stages, including discovery, learning and 

understanding, definition, development, and refinement. Advanced 3D modelling software like Autodesk Fusion 

360, SolidWorks, or Blender is utilized for idea generation. The research process also emphasizes the importance 

of clinical input from scientists and medical professionals in developing designs. Interdisciplinary collaborations, 

such as 3D printing, provide a shared understanding of ideas through physical prototypes. The thesis has resulted 

in various design outcomes, including proposals that stretch 3D printing technology and can be manufactured 

with conventional techniques. Multi-material 3D printing is an invaluable tool for rapid prototyping and 

evaluation of design concepts. In conclusion, this research focuses on improving patient care and outcomes 

through innovative medical device design, materials development, interdisciplinary collaboration, and the 

integration of 3D printing technology into the healthcare industry. 

2.7  An Overview on 3D Printing Technology: Technological, Materials, and Applications Procedia 

Manufacturing Malaysia 2019. 

Author- N. Shahrubudin, T.C. Lee, R. Ramlan 

This summary provides an in-depth overview of 3D printing innovation, its various applications, and its potential 

challenges. The focus is on understanding the technical developments, materials, and diverse applications across 

various industries. The summary includes both qualitative and quantitative research methods, such as patent 

reviews, historical research, experimental research, surveys, questionnaires, literature reviews, and data analysis. 

The use of 3D printing is expected to increase as technology advances and becomes more widely available, 

particularly in the fight against COVID-19 and subsequent pandemics. For instance, 3D printing can be used to 

create personalized medical equipment and therapies tailored to individual patient needs. The summary also 

discusses advanced materials development, mass customization, Industry 4.0 integration, and space exploration. 

The summary also addresses material limitations, quality control, intellectual property concerns, and regulatory 

compliance. The summary concludes by addressing the potential difficulties and future possibilities of 3D 

printing, highlighting its potential in various industries and applications. 
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2.8    An Overview on 3D Printing Technology: Technological, Materials, and Applications Procedia 

Manufacturing Malaysia 2019. 

Author- N. Shahrubudin, T.C. Lee, R. Ramlan  

This summary provides an in-depth overview of 3D printing innovation, its various applications, and its potential 

challenges. The focus is on understanding the technical developments, materials, and diverse applications across 

various industries. The summary includes both qualitative and quantitative research methods, such as patent 

reviews, historical research, experimental research, surveys, questionnaires, literature reviews, and data analysis. 

The use of 3D printing is expected to increase as technology advances and becomes more widely available, 

particularly in the fight against COVID-19 and subsequent pandemics. For instance, 3D printing can be used to 

create personalized medical equipment and therapies tailored to individual patient needs. The summary also 

discusses advanced materials development, mass customization, Industry 4.0 integration, and space exploration. 

The summary also addresses material limitations, quality control, intellectual property concerns, and regulatory 

compliance. The summary concludes by addressing the potential difficulties and future possibilities of 3D 

printing. 

2.9  Current and emerging applications of 3D printing in medicine IOP Science US 2019. 

Author- Chya-Yan Liaw and Murat Guvendiren 

This comprehensive overview provides a detailed exploration of the current and emerging applications of 3D 

printing in medicine, highlighting its potential to revolutionize healthcare. The technology has been explored 

through various methods such as fused deposition modelling (FDM), vat polymerization (VP), stereolithography 

(SLA), selective laser sintering (SLS), bioprinting, 3D scanners, CAD software, slicing software, and post-

processing tools. The potential applications of 3D printing in medicine include prosthetics and implants, surgical 

planning and training, drug delivery, tissue engineering, and regenerative medicine. Despite the challenges such 

as high costs, lack of standardization, training requirements, regulatory hurdles, and ethical concerns, 3D printing 

is a rapidly evolving technology with the potential to revolutionize healthcare in numerous ways. The increasing 

demand for personalized medicine and growing awareness of the benefits of 3D printing are driving the 

development of this technology. However, challenges such as high costs, lack of standardization, training 

requirements, regulatory hurdles, and ethical concerns remain. 
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2.10 Antioxidant PLA Composites Containing Lignin for 3D Printing Applications: A Potential Material 

for Healthcare Applications MDPI, UK , 2019. 

Author- Mun Leon Fong 

The research aims to develop antioxidant PLA composites by combining poly(lactic acid) with lignin (LIG) and 

castor oil for 3D printing applications. The materials will be characterized by their mechanical properties, surface 

characteristics, fracture resistance, and wettability. The study will also assess the antioxidant properties of the 

PLA/LIG composites using tests like the DPPH method to measure their ability to reduce free radical 

concentration. The research explores potential healthcare applications, particularly in wound care, by designing 

meshes using PLA/LIG composites for wound dressing and studying the diffusion of a wound healing model 

compound (curcumin) through the meshes. The Next 1.0 filament extruder was used to prepare filaments, which 

were then fused to 3D print discs and squares using an Ultimaker 3 FFF system. Various techniques were used to 

characterize the materials, including microscopy, contact angle measurements, thermal properties, stability study, 

and mechanical properties. Different 3D printed meshes were prepared for curcumin release experiments, 

monitored using UV-visible spectrophotometry. The study combines LIG and PLA in a composite material, with 

LIG supplied in powder form and PLA in pellet form. The contact angle of water with the material surface is 

measured, and no significant differences are observed between PLA + castor oil and materials containing up to 

1% of LIG. FTIR spectra show no differences between pure PLA and LIG-containing materials due to low LIG 

loading. Differential Scanning Calorimetry (DSC) measurements show similar transitions to pure PLA. The 

composite materials show stability after 30 days in PBS. The research on PLA and LIG composite materials has 

promising future scopes in biomedical applications, including wound healing, tissue engineering scaffolds, drug 

delivery systems, and orthopaedic implants. The biocompatibility and antioxidant properties of PLA/LIG 

composites make them suitable for various medical purposes. Advanced 3D printing technology can enhance the 

printing process and precision, and other functional additives can be explored for incorporating additional 

properties. 

2.11 Improving Lives in Three Dimensions: The Feasibility of 3D Printing for Creating Personalized 

Medical Aids in a Rural Area of Sierra Leone American Journal of Tropical Medicine and Hygiene 

(AJTMH) Sierra Leone 2020. 

Author- E. H. H. van der Horst, P. F. M. A. M. Maas, A. A. van der Helm, J. J. B. van Loon , A. H. M. van 

de Ven, J. M. van der Hoeven, J. J. Vellinga, J. H. van der Werken, C. J. van der Horst 

The study explores the potential of a 3D printer in creating personalized medical aids for patients in resource-

limited healthcare settings. The research focuses on the feasibility of using a 3D printer to create prostheses, 

braces, and splints for patients with amputations, congenital abnormalities, or burns. The study also assesses the 

feasibility of using a 3D printer to create personalized medical aids in a rural area of Sierra Leone. The qualitative 

data collected from the study includes interviews with patients and healthcare providers about their experiences 

with 3D-printed medical aids. The quantitative data includes the number of patients who received 3D-printed 
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medical aids, the types of medical aids printed, and patient satisfaction scores. The study found that the 3D-printed 

medical aids were well-received by patients and healthcare providers, showing significant improvement in patient 

satisfaction scores. However, challenges such as the cost of 3D printers and filament, the need for trained 

personnel, and the lack of reliable access to electricity need to be addressed before 3D printing can be widely 

implemented in low-resource settings. In conclusion, the study highlights the potential of a 3D printer in creating 

personalized medical aids in resource-limited healthcare settings. The findings highlight the importance of 

collaboration between healthcare providers and patients in achieving this goal. 

2.12 3D Printing Role in Filling the Critical Gap in the Medical Supply Chain during COVID-19 

Pandemic American Journal of Industrial and Business Management US 2020.  

Author- Mohsen Attaran 

The COVID-19 pandemic has highlighted the critical gap in the medical supply chain, with 3D printing playing 

a significant role in filling this gap. The use of computer-aided design (CAD) software, medical imaging software, 

and slicing software has been utilized to produce medical supplies, including personalized medical devices, 

personal protective equipment, and surgical tools. The potential of 3D printing in healthcare is significant, as it 

enables decentralized production, custom-made devices, and reduced costs. This technology can improve access 

to high-quality medical care for patients worldwide. However, challenges such as lack of standardization, cost, 

regulatory hurdles, limited availability of medical-grade materials, lack of skilled personnel, and intellectual 

property rights pose challenges. Despite these challenges, 3D printing has the potential to revolutionize the 

medical supply chain by enabling decentralized production, custom-made devices, and reduced costs. The authors 

have conducted a thorough search of relevant literature and industry websites to extract and synthesize 

information on the use of 3D printing in medicine during the pandemic. 

2.13  Industrial applications of 3D printing to scale-up production of COVID-19-related medical equipment

 journal of 3D printing in medicine Australia 2021. 

Author- Muhammad Zaheer Abbas: 

The healthcare industry is leveraging 3D printing technology to address supply deficiencies during the pandemic 

by producing basic clinical supplies like face shields and ventilator parts. This technology has shown the ability 

to meet urgent demand for medical supplies and is being evaluated for future healthcare manufacturing needs. 

The data collected from this process includes production, supply chain, patient, design, and regulatory compliance 

data. The technology is being used in additive manufacturing techniques, supply chain analysis, prototyping and 

testing, regulatory compliance, and collaborative approaches. The data collected includes CAD software, 

simulation software, 3D scanners, project management software, and specialized medical devices. The increased 

production capacity enables rapid response to medical equipment shortages during the pandemic. The validation 

of 3D printing as a viable solution for agile and localized manufacturing of critical medical supplies during 

healthcare emergencies is crucial. The technology also offers benefits such as enhanced supply chain resilience, 
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medical equipment customization, regulatory adaptation, global collaborations, material selection, quality 

assurance, supply chain integration, digital infrastructure, and production scalability. 

2.14  Intervention of 3D printing in health care: transformation for sustainable development Current and 

emerging applications of 3D printing in medicine Expert Opinion on Drug Delivery, UK ,2021. 

Author- Souvik Kumar Debnath, Monica Debnath, Rachita Srivastava, Amel Omri Chya-Yan Liaw, and 

Murat Guvendiren 

The potential of 3D printing in healthcare is vast, with its potential to transform healthcare delivery and access, 

making it more affordable, sustainable, and accessible. However, challenges to its widespread adoption include 

standardization, material selection, cost, and regulation. The study explores various 3D printing techniques, such 

as fused deposition modelling (FDM), stereolithography (SLA), digital light processing (DLP), selective laser 

sintering (SLS), and electron beam melting (EBM), and their applications in prosthetics, implants, surgical guides, 

drug delivery devices, medical models, tissue engineering, and regenerative medicine. The intervention of 3D 

printing in healthcare has the potential to improve patient care, reduce costs, increase access to healthcare, and 

reduce the environmental impact of healthcare. However, challenges include lack of standardization, cost, 

regulation, education and training, intellectual property rights, public awareness, and reimbursement. The findings 

of this study provide valuable insights into the potential of 3D printing in healthcare and its potential for 

sustainable development. 

2.15  Industrial applications of 3D printing to scale-up production of COVID-19-related medical 

equipment journal of 3D printing in medicine, Australia, 2021. 

Author- Muhammad Zaheer Abbas 

The healthcare industry is leveraging 3D printing technology to address supply deficiencies during the pandemic 

by quickly producing basic clinical supplies, such as face shields and ventilator parts. This technology has shown 

the adequacy and adequacy of 3D imprinting in addressing medical care difficulties and exploring long-term 

applications in medical care production. The technology's agility and adaptability in addressing healthcare crises 

offer insights into its role in future emergency response and medical manufacturing. The use of additive 

manufacturing techniques, supply chain analysis, prototyping and testing, regulatory compliance, and 

collaborative approaches can enhance supply chain resilience and responsiveness in healthcare emergencies. The 

use of CAD software, simulation software, 3D scanners, project management software, and digital infrastructure 

can help ensure the rapid response to medical equipment shortages during the pandemic. This approach can lead 

to enhanced supply chain resilience, medical equipment customization, regulatory adaptation, and global 

collaborations. 
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2.16  A review on the role of 3D printing in the fight against COVID-19, safety and challenges Materials 

Today Proceedings, India 2021.  

Author- Ashish Ranjan, Shashikant Kumar, Ashish Kumar, Amit Kumar, Rajeev Kumar: 

This summary provides a comprehensive overview of the role of 3D printing in the fight against COVID-19, 

focusing on its safety and challenges. It emphasizes the importance of quality control in 3D printed medical 

devices and discusses the future of 3D printing in the fight against the virus. The research question identifies 

relevant studies and synthesizes findings on various 3D printing techniques, including fused filament fabrication, 

stereolithography, selective laser sintering, computer-aided design software, slicer software, and post-processing 

tools. As 3D printing technology continues to develop, it is expected to play a greater role in the fight against 

COVID-19 and other pandemics. It could be used to produce personalized medical devices and treatments tailored 

to individual patients. However, challenges include lack of standardization, limited material selection, cost, 

regulation, and education and training. 

2.17  Vat photopolymerization 3D printing for advanced drug delivery and medical device applications 

Journal of Controlled Release, UK, 2021. 

Author- Pamela Robles-Martinez 

This study explores the potential of vat photopolymerization 3D printing techniques in healthcare manufacturing, 

particularly in drug delivery systems and creating bespoke medical devices. The benefits of this technology 

include improved patient outcomes and cost-efficiency. Challenges include material limitations and regulatory 

considerations. The study also discusses the potential impact of widespread 3D printing adoption on personalized 

health systems and traditional treatment pathways. Future trends and trends in 3D printing technology are also 

discussed. The feasibility of integrating this technology into mainstream healthcare practices is assessed. Vat 

photopolymerization 3D printing is a rapidly developing technology with the potential to revolutionize the 

healthcare industry. By combining it with other tools such as medical imaging software, CAD software, and 3D 

printing post-processing equipment, we can create new and innovative ways to diagnose and treat patients. It has 

gained FDA approval in 2015, with Spritam® becoming the first 3D-printed medicine. Advanced resins, often 

based on multi-functional monomers, are used in vat photopolymerization. 3D printing offers flexible control 

over materials, enabling small batches of medicines with tailored dosage, shape, size, and release characteristics. 

However, safety concerns remain due to the use of (meth)acrylate-based monomers. The future scope of 3D 

printing in healthcare is promising and transformative, leading to more personalized and effective treatments for 

patients. However, challenges such as regulatory adaptation and material safety must be addressed as this 

technology continues to evolve. 
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2.18  Applications of additive manufacturing (AM) in sustainable energy generation and battle against 

COVID-19 pandemic, The knowledge evolution of 3D printing Journal of Manufacturing Systems 

China, 2021.   

Author- Yanen Wang, Ammar Ahmed: 

This research explores the use of 3D printing technology in addressing COVID-19 challenges, particularly in 

emergency supplies production, and its sustainability in relation to global energy consumption and CO2 

emissions. It also investigates 3D printing's role in developing sustainable and renewable energy harvesting 

mechanisms. The study uses a bibliometric analysis to identify influential keywords, categorize knowledge 

clusters, evaluate the state-of-the-art knowledge structure, and identify research frontiers and hotspots in 3D 

printing to guide future research efforts. The technical approach involves assessing the current state of 3D printing 

technology, its applications in healthcare, and its sustainability aspects, while also identifying research trends and 

addressing challenges. The approach emphasizes the importance of collaboration and innovation to harness the 

potential of 3D printing in both healthcare and sustainable energy sectors. 3D printing has played a crucial role 

in providing emergency supplies during the COVID-19 pandemic, with a 70% increase in market share price and 

investor interest. It has the potential to reduce total energy consumption and CO2 emissions in industrial 

manufacturing by up to 5% by 2025, and has applications in renewable energy generation systems. Future research 

domains include medium-to-large scale mechanisms for sustainable energy harvesting using 3D printing. 

Combining medical professionals' expertise with additive manufacturing technology is essential for effective 

pandemic response. Public access to 3D printing facilities and affordable materials can encourage community 

involvement in addressing emergencies. Engineers and scientists are urged to develop cost-effective and 

accessible rapid prototyping technologies, materials, and open-source CAD designs for emergency situations.  

2.19   The Unprecedented Role of 3D Printing Technology in Fighting the COVID-19 Pandemic: A 

Comprehensive Review Materials, India, 2022. 

Author- Y. C. Niranjan, S. G. Channabasavanna, Shankar Krishnapillai, R. Velmurugan, A. Rajesh 

Kannan, Dhanesh G. Mohan, and Sasan Sattarpanah Karganroudi 

The "Uncommon Job of 3D Printing Innovation in Battling the Coronavirus Pandemic: An Exhaustive Survey" 

aims to provide an extensive overview of how 3D printing technology has been utilized during the pandemic, 

evaluating its viability and exploring suggestions for future medical service emergencies. The survey includes 

both quantitative and qualitative data, including clinical trial data, 3D printing process parameters and techniques, 

data on the production and distribution of 3D-printed medical supplies, interviews and surveys of healthcare 

professionals and experts, regulatory documents and guidelines related to 3D printing during the pandemic, case 

studies and reports on specific applications of 3D printing technology, and online survey platforms for collecting 

expert opinions. The results of the survey highlight the versatility and basic job of 3D printing in quickly 

answering medical care difficulties during the pandemic, demonstrating its true capacity for future emergencies. 

The future focus lies in further upgrading 3D printing technology for medical service emergency response, 

improving coordination, and addressing network weaknesses, planning for future pandemics and crises. Factors 
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identified in the survey include mechanical development, administrative considerations, production network 

flexibility, worldwide coordinated effort, and the cultural effect of 3D printing during the pandemic. Factors 

highlighted in the survey include ensuring the quality and wellbeing of 3D-printed clinical devices, exploring 

administrative pathways for fast endorsements, defending production network disruptions for 3D printing 

materials, adjusting production speed with quality control, addressing value issues in access to 3D-printed 

arrangements, and organizing global efforts and information sharing. 

2.20   3D printing surgical phantoms and their role in the visualization of medical procedures Annals of 3D 

Printed Medicine UK, 2022. 

Author- Monica Higgins, Steve Leung, Norbert Radacsi 

The study explores the current state of 3D printing surgical phantoms, identifying key challenges and 

opportunities in clinical practice. It discusses the potential impact of 3D printing on surgical training, planning, 

and communication. The research includes peer-reviewed journal articles, conference proceedings, book chapters, 

technical reports, and patents. The study also discusses the use of various technologies such as fused deposition 

modelling (FDM), stereolithography (SLA), digital light processing (DLP), and polyjet printing. The study also 

discusses the use of medical imaging software, computer-aided design (CAD) software, slicing software, and 

post-processing tools. 3D printed phantoms can help surgeons develop and improve their skills in a safe and 

controlled environment, leading to better patient outcomes. They can help surgeons better understand the patient's 

anatomy and identify potential risks and challenges, leading to more effective surgical planning and better patient 

outcomes. The study also highlights the need for more accurate and realistic phantoms, personalized phantoms, 

interactive phantoms, and new applications. The study also highlights the cost, expertise, standardization, clinical 

evidence, training, software tools, and affordability of 3D printers. 

2.21  Antibacterial effect of 3D printed mesoporous bioactive glass scaffolds doped with metallic silver 

nanoparticles,2023. 

Author- Sandra Sánchez-Salcedo 

The exploration portrayed dives into the mind boggling domain of biomaterial improvement with a particular 

spotlight on bone tissue recovery, making progress toward materials that gloat high bioactivity and intense 

antibacterial properties. The inventive methodology includes the amalgamation of nanocomposites using 

mesoporous bioactive glasses (MBGs) joined with metallic silver nanoparticles (AgNPs). These nanocomposites 

act as the structure blocks for the production of three-layered (3D) frameworks through sol-gel strategies and fast 

prototyping procedures. This state of the art strategy not just highlights the significance of 3D frameworks in 

bone tissue designing yet additionally investigates the capability of MBGs as medication conveyance frameworks 

and anchors for antibacterial specialists 
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2.22  High-resolution 3D printing for healthcare,2023. 

Author- Wenqing Chen , Carmen Salvadores Fernandez , Lulu Xu , Eirini Velliou , Shervanthi Homer-

Vanniasinkam , Manish K Tiwari: 

The investigation into "High-goal 3D Printing for Medical care" fills in as a spearheading drive pointed toward 

propelling the capacities of high-goal 3D printing innovation to change medical care results and designer clinical 

applications to individual patients. The point of convergence of this attempt is to exhibit the way in which high-

goal 3D printing can raise clinical applications, giving accuracy, customization, and creative arrangements that 

hold the possibility to reshape medical services practices and improve patient-explicit treatments. 

2.23  Analyzing the Barriers to Building a 3-D Printing Enabled Local Medical Supply Chain 

Ecosystem,2023. 

Author- Sachin Kamble, Amnie Belhadi, Shivam Gupta, Najmul Islam, Virendra Kumar Verma, Ludovico 

Solima: 

The investigation into the difficulties and open doors related with creating 3D printing-empowered nearby clinical 

inventory network environments discloses a diverse scene set apart by the two obstructions and promising roads 

for headway. The creators recognize a range of obstacles that should be conquered to cultivate the development 

of these environments, including administrative consistence, rigid quality principles, deficiency of plan skill, the 

monetary weight of 3D printing innovations, restricted mindfulness and reception of these innovations, and an 

obvious absence of coordinated effort between partners. 

2.24  Technological Advancements and Elucidation Gadgets for Healthcare Applications: An Exhaustive 

Methodological Review-Part-II (Robotics, Drones, 3D-Printing, Internet of Things, 

Virtual/Augmented and Mixed Reality),2023. 

Author- Sridhar Siripurapu: 

The review left on a thorough investigation to survey the impacts and difficulties presented by arising innovations, 

including mechanical technology, drones, 3D printing, IoT, and VR, on the medical services area. With a double 

spotlight on subjective and quantitative information, the exploration strategy utilized a multidisciplinary approach 

that amalgamated writing survey, subjective examination, strategy investigation, administrative consistence 

assessment, and innovation reception examination. By diving into the domains of clinical mechanical technology, 

drones for medical services conveyance, administrative structures, and vivid advancements, the review planned 

to uncover open doors for development and proposition direction for the powerful arrangement of these 

groundbreaking innovations in medical services. 
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2.25  Analyzing the Barriers to Building a 3-D Printing Enabled Local Medical Supply Chain 

Ecosystem,2023. 

Author- Sachin Kamble: 

The review leaves on a thorough investigation of the difficulties and potential open doors inborn in laying out 3D 

printing-empowered confined store network environments, with a particular spotlight on clinical parts creation. 

Trying to rise above hindrances like administrative consistence, rigid quality norms, and a shortage of plan 

mastery, the exploration adopts a subjective information driven strategy, utilizing a philosophy that amalgamates 

writing survey, reasonable investigation, and hypothetical outlining. Diving into the complexities of the job of 

3D imprinting in limited clinical stock chains, the review examines the diverse scene from the perspectives of 

store network limitation, Industry 4.0, hierarchical ability, roundabout economy plans of action, and the 

difficulties presented by the execution of 3D printing, including online protection contemplations and asset 

sharing. Systemically, the examination use instruments, for example, SWOT investigation, esteem stream 

planning, money saving advantage investigation, production network risk evaluation, quality administration 

apparatuses, reenactment demonstrating, cooperation and environment planning, administrative consistence 

structures, information examination, IoT, and change the board techniques. 

2.26  Healthcare 3D printing service innovation: Resources and capabilities for value Co-creation,2023. 

Author- Atanu Chaudhuri: 

The examination set out on a complete examination concerning the offer, creation, catch, and conveyance by 

medical care 3D printing specialist organizations inside the emergency clinic setting. The subjective examination 

utilized a fastidious different contextual investigation approach, diving into painstakingly chosen medical care 

3D printing specialist organizations. A rich exhibit of information, including interviews, optional sources, and 

content examination, worked with a top to bottom investigation of plans of action, zeroing in on vital components, 

for example, offer, esteem creation, esteem catch, and the fundamental assets and capacities required for co-

making esteem with clinical groups. 

2.27  Design and 3D printing of a modular phantom of a uterus for medical device validation,2023. 

Author- Sara Candidori, Serena Graziosi: 

The examination unfurls a convincing investigation into the extraordinary capability of 3D-printed ghosts, 

explicitly with regards to working on the turn of events and testing of gynecological clinical gadgets, with a 

substantial application intending to the basic medical care issue of post pregnancy discharge (PPH) in low-and 

center pay nations (LMICs). The ramifications of this exploration stretch out a long ways past the lab, with 

suggestions venturing into careful preparation, schooling, correspondence, and the fastidious testing of clinical 

gadgets. By tending to the restrictions of existing test systems, the 3D-printed ghosts offer more exact portrayals 

of physical designs, introducing an aid for both clinical experts and patients the same. The improvement of 

upgraded uterine ghosts stands apart as a critical commitment, especially in the approval of gynecological gadgets, 

consequently straightforwardly impacting and working on persistent consideration in this particular clinical space. 
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2.28  Specificity of 3D Printing and AI-Based Optimization of Medical Devices Using the Example of a 

Group of Exoskeletons,2023. 

Author- Izabela Rojek 

The essential goal of this examination is to overcome any barrier between designing hypothesis and functional 

execution, explicitly zeroing in on the joining of exoskeletons and three-correspondingly printed clinical hardware 

into clinical medical services frameworks. This aggressive objective includes handling basic issues like material 

choice, plan improvement, man-made brainpower joining, creation systems, and guaranteeing consistence with 

clinical gadget regulations and principles, including MDR, ISO 13485, and ISO 10993. Also, the undertaking 

plans to spearhead state of the art plans of action that guarantee cost-adequacy, working with the quick and 

mindful combination of demonstrated 3D printing arrangements into clinical practice. Through these 

undertakings, the exploration tries to develop clinical ability and prompt hierarchical and key changes that line 

up with the advancing requirements of patients and clinicians in the time of customized medication. 

2.29  Implementation of 3D Printing in Various Healthcare Settings: A Scoping Review,2023. 

Author- Mansoor Ali BAIG1, Albedah Norah: 

The exploration looks to unwind the extraordinary capability of consolidating computerized reasoning (simulated 

intelligence) with 3D printing innovation in the medical services industry, with a specific spotlight on applications 

in human inserts, drugs, tissue designing/regenerative medication, schooling, and proof-based choice emotionally 

supportive networks. By planning to grasp how this collaboration can change medical services rehearses, the 

examination dives into the customization of clinical items empowered by 3D printing, underlining its part in 

raising medical services conveyance. The utilizations of 3D imprinting in medical care, spreading over careful 

preparation, inserts, prosthetics, drugs, patient training, and regenerative medication, are framed, displaying the 

innovation's flexible effect. Recognizing the difficulties related with 3D imprinting in medical care, the 

exploration underlines innovation related issues, material constraints, goal concerns, security contemplations, and 

administrative viewpoints. 

2.30  Emergence of 3D Printing Technology in the Intelligent Healthcare Systems: A Brief Drug Delivery 

Approach,2023. 

Author- Pratik Chatterjee, Chinmay Chakraborty 

 The writing on the mix of 3D printing innovation into wise medical services frameworks, especially zeroing in 

on drug conveyance, uncovers a dynamic and quickly developing space at the combination of drug sciences and 

high-level assembling. Analysts have attempted thorough examinations concerning different aspects of this 

innovation, planning to appreciate its abilities, defy its difficulties, and unwind its applications in refining drug 

conveyance methodologies. Key subjects rise out of this assemblage of work: The flexibility of 3D printing stands 

apart unmistakably, offering phenomenal customization in drug conveyance frameworks. Analysts have 

investigated fitting measurements structures to the particular requirements of individual patients, refining drug 

discharge profiles, and in any event, creating customized inserts or gadgets. 



TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org 

TIJERTHE3028 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 267 
 

CHAPTER -3 

Research Methodology and Data collections 

Research Design 

The questions the researcher will pose are outlined in the research design. It lays forth the measurement protocols, 

sample plan, analytical framework, and time frame in a logical order. Three categories of study designs exist 

The data collection methods for this study include  

 Questionnaires,  

 document analysis, and  

 observation.  

Questionnaires will be conducted within hospitals across Jalandhar related to the field of 3D printing and 

sustainable healthcare. Document analysis will be used to collect information from relevant reports, articles, and 

websites. Observation will be used to collect data on the use of 3D printing in healthcare settings. 

The theoretical framework for this study is the sustainable development framework. This framework provides a 

holistic approach to understanding the relationship between economic development, environmental protection, 

and social justice. 

Data collection Method 

There are two methods of gathering data: primary and secondary. We used the Google Forms platform, a free 

web-based survey tool, to administer surveys and gather the core data. We looked through other research papers 

on related themes and spoke with other people about their purchasing decisions to gather secondary data. 

Exploratory research is defined as an analysis conducted to investigate a challenging problem that isn't clearly 

defined. It leads to a better understanding of the existing problem, but it won't produce results that are compelling. 

Usually, this kind of analysis is conducted when the problem is still in its early stages. 

Sampling Design 

Sample universe: - The sample universe includes patients and doctors in Jalandhar.. 

Sample size: - The sample size will be 30. 

Questionnaire Design 

The type of question used in questionnaire are structured multiple choice question. This is done so that we can 

find, is the doctors and patients acknowledgement to 3D printing. 
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Scope of Research 

Considering the goals of the research, it would be reliable to conduct the study from the mindset of the doctors 

and patients. We conduct this study to assist doctors and scientists in identifying the importance of 3d printing. 

The research also aims to assist potential readers in understanding the significance of 3d printing  in the 

sustainable healthcare sector. The research focuses on end-user behaviours. 

RESEARCH QUESTIONS 

 Examine the usage of 3D printing in dentistry in selected hospitals in Jalandhar. 

 Examine the usage of 3D printing in Cardiology in selected hospitals in Jalandhar. 

 Examine the usage of 3D printing in artificial limbs in selected hospitals in Jalandhar. 

 To explore the economic benefits of implementing 3D printing in the healthcare sector. 

 To identify challenges and barriers to the widespread adoption of 3D printing in the healthcare sector. 

Data Analysis: 

Radiologist, Jalandhar. 

Past conventional imaging of interior organs and directing biopsies, the notes dive into ultrasound's special assets 

in picturing blood stream utilizing Doppler strategies. This settles on it a favoured decision over CT and X-ray 

for evaluating vascular wellbeing, especially in sensitive circumstances like pregnancy. Strikingly, ultrasound's 

harmless nature makes it ok for the two moms and children, a huge benefit in pre-birth care. The conversation 

then moves to the progressive capability of 3D ultrasound in pregnancy checks. Contrasted with standard 2D 

pictures, 3D innovation offers a noteworthy jump in perception. Mind boggling fatal life systems, including 

organs, bones, and facial elements, turns out to be promptly obvious, empowering the discovery of unobtrusive 

mutations that could somehow slip by everyone's notice. Profundity discernment is another key advantage, taking 

into account nitty gritty assessment of perplexing designs like the heart and cerebrum, significant for diagnosing 

intrinsic abnormalities. Besides, 3D ultrasound works with exact estimations of fatal designs like head periphery, 

appendage lengths, and organ volumes. This information, when contrasted with development outlines, 

distinguishes potential development limitations or abnormalities right off the bat, preparing for informed 

mediations. The capacity to create reasonable 3D renderings cultivates further developed correspondence between 

medical services experts and guardians, supporting grasping likely inconsistencies and facilitating tensions. While 

3D ultrasound is a useful tool on its own, it should be kept in mind that it is not a replacement for other well-

established diagnostic procedures like amniocentesis or genetic testing. Nonetheless, its joining into pre-birth care 

adds a strong aspect, offering priceless bits of knowledge into fatal wellbeing and improvement that can at last 

guide vital choices and guarantee ideal results for both mother and kid. 

Neurologist, Jalandhar. 

Upsetting Neurosurgery: 3D Demonstrating Takes Accuracy Higher than ever 

Gone are the times of depending entirely on two-layered pictures for complex neurological strategies. 3D 

displaying is quickly changing the field of neurosurgery, offering specialists unmatched perception and careful 

arranging apparatuses for sensitive activities like mind and craniovertebral intersection medical procedures. By 

making exact 3D models of individual patients' skull life structures and pathology, specialists can expect 
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difficulties, pre-plan entry points and approaches, and even practice the system essentially. This careful arranging 

means decreased careful times, limited blood misfortune, and at last, an essentially more modest gamble of 

inconveniences. Critically, the requirement for metal inserts utilized in remaking medical procedures can likewise 

be limited because of the exact pre-careful figuring out, further improving patient results. This cutting-edge 

technology is changing the way neurosurgery is done and giving people hope for better, safer, and more effective 

neurological care. 

Based on the specialist’s information the advantages of 3D displaying in neurosurgery, including: 

Further developed perception and careful preparation 

Diminished careful times and blood misfortune 

Limited hazard of intricacies, Diminished need for metal inserts. 

Urologist, Jalandhar. 

In the domain of urology, 3D innovation is ending up a distinct advantage. As of now not bound to level CT 

checks, 3D displaying is upsetting finding and treatment. Envision looking into a virtual imitation of a patient's 

kidney, investigating its unpredictable life structures with newly discovered clearness. Exact estimations are 

promptly accessible, supporting careful preparation and guaranteeing the most secure, best methodology. 

Pointless vessels, when hidden inside the two-layered domain, are currently featured, limiting the gamble of 

confusions during techniques. Urologists are able to provide their patients with superior care thanks to this 

revolutionary technology, which also enables them to navigate intricate surgeries with unprecedented confidence 

and pinpoint accuracy when detecting kidney stones. 

This passage stresses the central issues you gave: 

Shift from 2D to 3D: Centre’s around the progress from customary CT outputs to 3D demonstrating. 

Improved diagnostics: Specifies the better capacity to identify kidney stones and survey kidney life structures. 

Careful accuracy: Features the job of 3D models in exact estimations and careful preparation. 

Limited entanglements: Accentuates the advantage of distinguishing and staying away from pointless vessels 

during strategies. 

Improved care for patients: Finishes up with the general effect on quiet results. 

Orthopaedic, Jalandhar. 

Revolutionizing Orthopaedics: 3D Technology and Robotic Assistance at the Forefront 

The world of orthopaedics is undergoing a transformative shift, powered by the precision and versatility of 3D 

technology. Gone are the days of relying solely on X-rays and intuition; CT scans and MRIs now provide 

incredibly detailed 3D representations of bones and joints, allowing surgeons to map out procedures with 

unparalleled accuracy. This level of detail has paved the way for the integration of robotic assistance, specifically 

in needle-based implantations. These robots, guided by the 3D data, perform surgery with pinpoint precision, 

ensuring perfect placements that promote optimal bone structure and rapid healing. For both surgeon and patient, 

the benefits are multifield. The surgeon enjoys a clear visualization of the surgical field, enhancing decision-

making and minimizing the risk of complications. For the patient, this translates into faster recovery times, 

reduced pain, and a superior long-term outcome. Moreover, the ability to visualize the exact shape and structure 
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of the affected area empowers both doctor and patient to make informed decisions about treatment options. This 

clear communication builds trust and confidence, paving the way for a more collaborative and successful 

treatment journey. It's important to note that while the integration of 3D technology and robotic assistance in 

orthopaedics is still a relatively young field, it has encountered limited challenges thus far. The continued 

development of technology and its accessibility across medical institutions are likely to be the key drivers in the 

future. Nonetheless, the advancements witnessed so far offer a glimpse into a future where personalized, 

minimally invasive, and highly accurate orthopaedic care becomes the norm. This transformative technology 

holds immense promise for revolutionizing the way we treat musculoskeletal conditions, ultimately improving 

the lives of millions of patients worldwide. the key points from the doctor's data while elaborating on the 

significance and potential of 3D technology and robotic assistance in orthopaedics. It also addresses the lack of 

significant challenges, emphasizing the promising future of this technology in the field. 

Dentist, Jalandhar. 

Changing Dentistry with 3D Innovation: From Exact Impressions to Zirconia Crowns 

Dental specialists are embracing the groundbreaking force of 3D innovation, carrying unrivalled exactness and 

effectiveness to dental consideration. Gone are the times of muddled, awkward customary impressions. High-

resolution digital models created by 3D scanners now include intricate details of teeth and jaws, giving dentists a 

better understanding of each patient's individual dental landscape. This in-depth data makes it possible to 

meticulously plan and carry out procedures, thereby minimizing mistakes and maximizing success. One 

interesting application is the utilization of zirconia, a biocompatible, non-metal material, for crown and scaffold 

development. Computerized impressions guarantee an ideal fit for these reclamations, wiping out the requirement 

for different changes and improving patient solace. Also, zirconia's normal looking clarity carefully looks like 

tooth polish, making tastefully satisfying outcomes. 

The advantages of 3D innovation stretch out past quiet consideration. By further developing correspondence and 

cooperation with dental labs, dental specialists can smooth out work processes and assist methodology. Advanced 

models dispose of the requirement for actual projects, diminishing completion times and limiting blunders during 

creation. At last, this cultivates a more proficient and useful research centre climate. 

All in all, the joining of 3D innovation in dentistry addresses a change in perspective, conveying accuracy, solace, 

and effectiveness to the two patients and experts. From gaining precise impressions to creating delightful, 

utilitarian rebuilding efforts, this inventive methodology is moulding the fate of dental consideration, each 

fastidiously examined tooth in turn. 

RESEARCH GAP 

The research is needed to determine the clinical and practical implications of the nanocomposites. The article on 

the application of exoskeletons and 3D-printed medical equipment in personalised medicine underscores the need 

for more research to close the knowledge gap between bench and bedside. The study on the portable, 3D-printed 

multispectral spectrophotometer for enzyme molecular activity monitoring might be developed to detect the 

amounts of other biomolecules, such as antibiotics, for therapeutic medication monitoring. The capabilities and 

resources needed to co-create value between healthcare 3D printing service providers and surgeons advises that 

more study be conducted on alternative business models and the co-creation process involving service providers 

and surgeons. Further research on the usefulness and applicability of the technology and business strategy for 



TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org 

TIJERTHE3028 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 271 
 

people with missing or injured body parts might enhance the study introducing the 3D printing  as an business 

idea.  

CHAPTER -4 

ANALYSIS AND INTERPRETATION 

 

DENTAL 

 

Survey says: More than 80% of patients truly or kinda happy with 3D printed dental   work. 

Possible reasons: Exceptionally fit, exact apparatuses, cool new tech. 

Keep in mind: Little example, no really great explanations, cost might be an element. 

Bottom line: Looks promising, however more exploration required. 

  

Survey says: More than 80% of patients happy with the fit and precision of their 3D-printed dental work.  

Possible reasons: Exclusively fit, exact devices, and perhaps a bit of tech coolness. 

Keep in mind: Little example, no really great explanations, and cost may be a component. 
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Bottom line: Looks promising, yet more examination required before 3D printing assumes control over all grins. 

 

With fancy 3D printers, some people were able to get their teeth fixed faster and for less money than usual.  

Not every person cherished it however - some felt it was equivalent to previously, and a couple of even paid 

more.  

More tests expected to check whether 3D enchantment is appropriate for everybody's grin. 

 

Around 50% of the group: I adored it! Quicker and less expensive than common dental work.  

One out of five: Somewhat equivalent to previously.  

Few and far between: Took more time and cost more. 
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A portion of the grin: Adored the speedy and financial plan well-disposed 3D-printed false teeth and companions. 

One out of four: Meh, it was very much like the former way.  

Few and far between: A piece longer and pricier than expected. 

 

CARDIOLOGY 

 

60.7% of respondents were exceptionally happy with their 3D printing experience for cardiovascular techniques. 

The excess 39.3% of respondents were either fulfilled, unbiased, or disappointed with their experience. 

This recommends that 3D printing is a promising innovation for working on quiet results in cardiovascular 

consideration, however further examination is expected to grasp the full scope of patient encounters. 
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3D printing shows potential for working on quiet schooling and correspondence in cardiovascular consideration. 

To validate findings and investigate factors influencing patient experiences, additional research is required. 

 

59.3% altogether less restless in the wake of involving 3D printing for cardiovascular systems. 

29.6% decently less restless, showing some advantage. 

11.1% experienced no change in anxiety, highlighting differences between individuals. 

 3D printing shows guarantee for diminishing preoperative tension in cardiovascular patients. 

Further examination expected to figure out individual effect and enhance its us 
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60.7% extremely certain effect: For the majority, 3D printing significantly increased confidence and informed 

decision-making. 

10.7% positive effect: 3D printing gave a degree good for extra patients. 

46.4% impartial: Almost half encountered no adjustment of certainty or decision-production because of 3D 

printing. 

0% adverse consequence: No respondents felt their certainty or independent direction was adversely impacted. 

3D printing shows guarantee in enabling patients for informed decisions about their cardiovascular consideration. 

Further exploration is expected to comprehend factors impacting individual reactions and streamline how 3D 

printing is utilized. 

 

48.1% emphatically concur: For nearly half of patients, 3D printing significantly improved their readiness for the 

procedure. 

33.3% agree: Extra third encountered a positive effect on readiness. 

14.8% unbiased: The use of 3D printing did not, according to some, alter readiness. 

3.8% are opposed: Hardly any felt 3D printing didn't assist with readiness. 

3D printing shows guarantee in upgrading patient readiness for cardiovascular methods. 

Further exploration is expected to figure out changing individual reactions and streamline its utilization. 
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Artificial Limb 

 

92% fulfilled: Predominantly sure criticism from clients. 

There is no discontent: Promising innovation with high endorsement rating. 

Little example: More exploration required for more extensive ends. 

No justifiable reason: Need to comprehend the reason why clients love/don't cherish them. 

Tech challenges: Solidness and fix could require improvement. 

 

 

65.4% love it: Predominantly sure client experience with 3D printed appendages. 

No sceptic’s: No disappointment revealed, recommending a promising innovation. 

Little example: More exploration required for more extensive ends. 

No justifiable reason: Need to comprehend the reason why clients are so cheerful. 

Tech challenges: Solidness and fix could require improvement. 
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Versatility support: 50% reported significant improvements in their ability to move about and complete tasks. 

For the most part sure: 88.5% experienced some certain effect at any rate. 

Little example: More exploration required for more extensive ends. 

Individual encounters: Not every person benefits similarly, further examinations required. 

Effects over time are unknown: More examination required on long haul use. 

 

Extremely fulfilled: 65.4% love their 3D-printed appendages. 

Predominantly certain: 92% content with the innovation, no bad things to say. 

Possible remedy: 3D printing offers further developed solace and usefulness. 

Little example: Research required on bigger gatherings for more extensive ends. 

Unknown reason: Why explicit clients love/disdain the tech needs investigating. 

Sturdiness an inquiry: Improvement required contrasted with customary strategies. 
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92% happy: Predominantly certain criticism on client experience. 

No enemies: Zero disappointment found, promising innovation viewpoint. 

A small number: More exploration required for more extensive ends. 

Unknown reason: Need to comprehend the reason why clients love/detest them. 

Tech challenges: Sturdiness and fix could require improvement. 

 

LIMITATIONS 

The use of 3D printing in healthcare is still in its early stages, and there are a number of limitations that need to 

be addressed before it can be widely adopted. These limitations include: 

 Cost: 3D printing is currently a relatively expensive technology. However, as the technology matures and 

the cost of 3D printers decreases, it is likely that the cost of 3D printed medical devices and implants will 

also decrease. 

 Regulation: 3D printing is not currently regulated by the FDA or other regulatory agencies. This means 

that there is a risk that 3D printed medical devices and implants may not be safe or effective. 

 Quality control: 3D printing is a complex process, and it can be difficult to ensure the quality of 3D printed 

medical devices and implants. This is a major challenge that needs to be addressed before 3D printing can 

be widely adopted in the healthcare sector. 

 Awareness level: In Indian healthcare, 3D printing has become an important technology, notably in 

prosthetics and orthopaedics. It has been employed in the development of individualized implants, medical 

models, and dental equipment. It has also been utilized in medical teaching and training, giving students 

and professionals with hands-on experience. Non-profit groups are also utilizing 3D printing to 

manufacture low-cost prosthetic limbs for amputees. Indian researchers are investigating the possibilities 

of 3D printing for medicine delivery systems, tissue engineering, and bioprinting. However, more 

significant knowledge and training are still required to effectively exploit the technology. 
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 Implementation: 3D printing is being used in various healthcare sectors in India, including creating 

patient-specific implants, prosthetics and orthotics, medical models and simulation, customized medical 

devices, drug delivery systems, tissue and organ printing, dental applications, patient education, cost-

efficiency, research and development, and COVID-19 response. It allows surgeons to design and 

manufacture implants that match a patient's anatomy, reducing complications and improving patient 

outcomes. 3D printing also allows for the creation of anatomical models of specific patient cases, aiding 

in preoperative planning, medical education, and training. It is also being used in dental applications to 

create crowns, bridges, dentures, and orthodontic devices. However, 3D printing faces regulatory 

challenges and quality control issues, and government bodies, healthcare organizations, and manufacturers 

are working together to establish guidelines and standards for its use in healthcare. 

Conclusion: 

The research employs a comprehensive approach to investigating the applications and impacts of 3D printing in 

various medical fields. By adopting a sustainable development framework, the study aims to bridge the gap 

between economic development, environmental protection, and social justice in the healthcare sector. 

The data collection methods, including questionnaires, document analysis, and observation, contribute to a 

holistic understanding of 3D printing in healthcare. The study explores the experiences and perceptions of 

professionals in different medical specialties, highlighting the transformative impact of 3D technology. 

In dental care, the research reveals promising results with over 80% of patients expressing satisfaction with 3D-

printed dental work. However, the study acknowledges the need for more research to understand the factors 

influencing patient experiences and the potential impact on the broader dental industry. 

Cardiology experiences a positive trend, with 60.7% of respondents extremely satisfied with their 3D printing 

experiences for cardiovascular procedures. The technology shows promise in reducing preoperative anxiety and 

positively impacting patient confidence and decision-making. Nevertheless, further research is needed to explore 

individual responses and optimize the application of 3D printing in cardiovascular care. 

Artificial limb users demonstrate a high level of satisfaction (92%) with 3D-printed limbs, showcasing the 

promising nature of this technology. While mobility improvements are reported by 50% of users, challenges such 

as durability and repair need further exploration to enhance the technology's effectiveness. 

Suggestions for Future Research: 

1. Dental Care: Conduct more extensive research to delve deeper into patient experiences and the cost-

effectiveness of 3D-printed dental work. Explore the potential of 3D technology in other dental procedures and 

its impact on overall oral healthcare. 

2. Cardiology: Investigate individual factors influencing patient responses to 3D printing in cardiovascular care. 

Explore the long-term effects and sustainability of 3D technology in improving patient outcomes and reducing 

anxiety in the context of cardiovascular procedures. 

3. Artificial Limbs: Expand the sample size to obtain a broader understanding of user satisfaction and challenges. 

Investigate the reasons behind user preferences and dislikes, focusing on improving durability and repair aspects 

of 3D-printed limbs. 
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4. General: Explore the potential ethical considerations and regulatory frameworks associated with the widespread 

adoption of 3D printing in various medical applications. Investigate the economic implications and feasibility of 

integrating 3D printing technology into mainstream healthcare practices. 

In conclusion, while the research provides valuable insights into the current state of 3D printing in healthcare, 

continuous exploration and analysis are essential to unlock its full potential, address challenges, and ensure its 

responsible and effective integration into diverse medical specialties. 

 

CHAPTER -5 

REFERENCE 

 

Gebler, M., Schoot Uiterkamp, A. J., & Visser, C. (2014, November). A global sustainability perspective on 3D 

printing technologies. Energy Policy, 74, 158–167. https://doi.org/10.1016/j.enpol.2014.08.033 

Morrison, R. J., Kashlan, K. N., Flanangan, C. L., Wright, J. K., Green, G. E., Hollister, S. J., & Weatherwax, K. 

J. (2015, August 3). "Regulatory Considerations in the Design and Manufacturing of Implantable 3D‐Printed 

Medical Devices." (“Regulatory Considerations in the Design and Manufacturing of ...”) Clinical and 

Translational Science, 8(5), 594–600. https://doi.org/10.1111/cts.12315 

Liaw, C. Y., & Guvendiren, M. (2017, June 7). Current and emerging applications of 3D printing in medicine. 

Biofabrication, 9(2), 024102. https://doi.org/10.1088/1758-5090/aa7279 

Zema, L., Melocchi, A., Maroni, A., & Gazzaniga, A. (2017, July). Three-Dimensional Printing of Medicinal 

Products and the Challenge of Personalized Therapy. Journal of Pharmaceutical Sciences, 106(7), 1697–1705. 

https://doi.org/10.1016/j.xphs.2017.03.021 

Gupta, B. M., & Dhawan, S. M. (2018, June 27). 3D Printing: A Scientometric Assessment of Global Publications 

Output during 2007-16. (“[PDF] 3D Printing: A Scientometric Assessment of Global Publications ...”) DESIDOC 

Journal of Library & Information Technology, 38(4), 238. https://doi.org/10.14429/djlit.38.4.12300 

hawkins. (2018). Multi-material 3D printing for percutaneous surgical drains. Victoria University of Wellington. 

Yan, Q., Dong, H., Su, J., Han, J., Song, B., Wei, Q., & Shi, Y. (2018, October). A Review of 3D Printing 

Technology for Medical Applications. Engineering, 4(5), 729–742. https://doi.org/10.1016/j.eng.2018.07.021 

Aquino, R. P., Barile, S., Grasso, A., & Saviano, M. (2018, October). Envisioning smart and sustainable 

healthcare: 3D Printing technologies for personalized medication. Futures, 103, 35–50. 

https://doi.org/10.1016/j.futures.2018.03.002 

Domínguez-Robles, J., Martin, N., Fong, M., Stewart, S., Irwin, N., Rial-Hermida, M., Donnelly, R., & Larrañeta, 

E. (2019, April 4). Antioxidant PLA Composites Containing Lignin for 3D Printing Applications: A Potential 

Material for Healthcare Applications. Pharmaceutics, 11(4), 165. 

https://doi.org/10.3390/pharmaceutics11040165 

Shahrubudin, N., Lee, T., & Ramlan, R. (2019). An Overview on 3D Printing Technology: Technological, 

Materials, and Applications. (“An Overview on 3D Printing Technology: Technological ... - ScienceDirect”) 

Procedia Manufacturing, 35, 1286–1296. https://doi.org/10.1016/j.promfg.2019.06.089 



TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org 

TIJERTHE3028 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 281 
 

van der Stelt, M., Verhulst, A. C., Vas Nunes, J. H., Koroma, T. A. R., Nolet, W. W. E., Slump, C. H., Grobusch, 

M. P., Maal, T. J. J., & Brouwers, L. (2020, April 1). Improving Lives in Three Dimensions: The Feasibility of 

3D Printing for Creating Personalized Medical Aids in a Rural Area of Sierra Leone. The American Journal of 

Tropical Medicine and Hygiene, 102(4), 905–909. https://doi.org/10.4269/ajtmh.19-0359 

Attaran, M. (2020). "3D Printing Role in Filling the Critical Gap in the Medical Supply Chain during COVID-19 

Pandemic." (“3D Printing Role in Filling the Critical Gap in the Medical Supply Chain during COVID-19 

Pandemic”) American Journal of Industrial and Business Management, 10(05), 988–1001. 

https://doi.org/10.4236/ajibm.2020.105066 

Xu, X., Awad, A., Robles-Martinez, P., Gaisford, S., Goyanes, A., & Basit, A. W. (2021, January). Vat 

photopolymerization 3D printing for advanced drug delivery and medical device applications. Journal of 

Controlled Release, 329, 743–757. https://doi.org/10.1016/j.jconrel.2020.10.008 

Abbas, M. Z. (2021, June). Industrial applications of 3D printing to scale-up production of COVID-19-related 

medical equipment. (“[PDF] Industrial applications of 3D printing to scale-up production of ...”) (“[PDF] 

Industrial applications of 3D printing to scale-up production of ...”) (“[PDF] Industrial applications of 3D printing 

to scale-up production of ...”) Journal of 3D Printing in Medicine, 5(2), 97–110. https://doi.org/10.2217/3dp-

2021-0003 

Wang, Y., Ahmed, A., Azam, A., Bing, D., Shan, Z., Zhang, Z., Tariq, M. K., Sultana, J., Mushtaq, R. T., 

Mehboob, A., Xiaohu, C., & Rehman, M. (2021, July). Applications of additive manufacturing (AM) in 

sustainable energy generation and battle against COVID-19 pandemic: The knowledge evolution of 3D printing. 

Journal of Manufacturing Systems, 60, 709–733. https://doi.org/10.1016/j.jmsy.2021.07.023 

Debnath, S. K., Debnath, M., Srivastava, R., & Omri, A. (2021, September 21). Intervention of 3D printing in 

health care: transformation for sustainable development. Expert Opinion on Drug Delivery, 18(11), 1659–1672. 

https://doi.org/10.1080/17425247.2021.1981287 

Higgins, M., Leung, S., & Radacsi, N. (2022, June). "3D printing surgical phantoms and their role in the 

visualization of medical procedures." (“Annals of 3D Printed Medicine | Vol 6, June 2022 - ScienceDirect”) 

Annals of 3D Printed Medicine, 6, 100057. https://doi.org/10.1016/j.stlm.2022.100057 

Niranjan, Y. C., Channabasavanna, S. G., Krishnapillai, S., Velmurugan, R., Kannan, A. R., G. Mohan, D., & 

Karganroudi, S. S. (2022, October 1). "The Unprecedented Role of 3D Printing Technology in Fighting the 

COVID-19 Pandemic: A Comprehensive Review." (“Dhanesh G. MOHAN | Professor (Associate) | ME, PhD, 

MBA ... - ResearchGate”) Materials, 15(19), 6827. https://doi.org/10.3390/ma15196827 

Aabith, S., Caulfield, R., Akhlaghi, O., Papadopoulou, A., Homer-Vanniasinkam, S., & Tiwari, M. K. (2022, 

October). "3D direct-write printing of water soluble micromoulds for high-resolution rapid prototyping." (“3D 

direct-write printing of water soluble micro moulds for high ...”) Additive Manufacturing, 58, 103019. 

https://doi.org/10.1016/j.addma.2022.103019 

Candidori, S., Graziosi, S., Russo, P., Osouli, K., De Gaetano, F., Zanini, A. A., & Costantino, M. L. (2023, 

January 2). Design and 3D printing of a modular phantom of a uterus for medical device validation. Rapid 

Prototyping Journal, 29(11), 7–20. https://doi.org/10.1108/rpj-01-2022-0032 

Sánchez-Salcedo, S., García, A., González-Jiménez, A., & Vallet-Regí, M. (2023, January). "Antibacterial effect 

of 3D printed mesoporous bioactive glass scaffolds doped with metallic silver nanoparticles." (“[PDF] 



TIJER || ISSN 2349-9249 || © February 2024, Volume 11, Issue 2 || www.tijer.org 

TIJERTHE3028 TIJER - INTERNATIONAL RESEARCH JOURNAL  www.tijer.org 282 
 

Antibacterial effect of 3D printed mesoporous bioactive glass ...”) Acta Biomaterialia, 155, 654–666. 

https://doi.org/10.1016/j.actbio.2022.10.045 

Rojek, I., Mikołajewski, D., Dostatni, E., & Kopowski, J. (2023, January 12). "Specificity of 3D Printing and AI-

Based Optimization of Medical Devices Using the Example of a Group of Exoskeletons." (“Applied Sciences | 

Free Full-Text | Specificity of 3D Printing ... - MDPI”) Applied Sciences, 13(2), 1060. 

https://doi.org/10.3390/app13021060 

Siripurapu, S., Darimireddy, N. K., Chehri, A., B., S., & A.V., P. (2023, January 20). Technological 

Advancements and Elucidation Gadgets for Healthcare Applications: An Exhaustive Methodological Review-

Part-II (Robotics, Drones, 3D-Printing, Internet of Things, Virtual/Augmented and Mixed Reality). Electronics, 

12(3), 548. https://doi.org/10.3390/electronics12030548 

Chaudhuri, A., Naseraldin, H., & Narayanamurthy, G. (2023, March). Healthcare 3D printing service innovation: 

Resources and capabilities for value Co-creation. Technovation, 121, 102596. 

https://doi.org/10.1016/j.technovation.2022.102596 

Kamble, S., Belhadi, A., Gupta, S., Islam, N., Verma, V. K., & Solima, L. (2023). Analyzing the Barriers to 

Building a 3-D Printing Enabled Local Medical Supply Chain Ecosystem. IEEE Transactions on Engineering 

Management, 1–18. https://doi.org/10.1109/tem.2022.3226658 

Baig, Mansoor & Norah, Albedah & Haifa, AlDakhil & Nouf, AlTuraiki & Baig, Saniyah. (2023). 

Implementation of 3D Printing in Various Healthcare Settings: A Scoping Review. Studies in health technology 

and informatics. 305. 410-413. 10.3233/SHTI230518. 

 


