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1. Introduction

Additive manufacturing is a set of production technologies that allows attain a final product
through the generation and consequent accumulation of layers of material. Additive manufacturing
moves in the contradictory direction compared to conventional production systems that proceed by
subtraction. Unlike processes such as milling or turning, additive manufacturing adds the material
desirable to create products. As a result, it creates less waste and cuts the resources waste. It includes
cost reduction, resource-saving, sustainability, prototype testing, and acceleration of new innovations
[1-2]. The development of elegant organizations and developed process will make use of these
technologies. The intention of this collaboration is to raise product quality while optimizing
production procedures to reduce costs and enhance output [3]. 3D printing, also known as additive
manufacturing, is a technology that enables the formation of three-dimensional objects by building
them layer by layer using a digital design even though the fourth industrial revolution has allowed its
maximum promise to be achieved. The fourth industrial revolution's important technology is AM,
which enables the rapid, precise, and customized conception of complicated products [4-5]. AM is
extensively used in rapid prototyping, enabling designers and engineers to quickly manufacture and
test product designs. AM has also enabled the development of new design and product optimization
strategies that were not previously possible. AM is progressively more being used to produce
customized tooling for manufacturing processes [6]. Conventional tooling is expensive and protracted
to produce, but with AM, tooling can be produced rapidly and at a lower cost. This allows

manufacturers to be more agile and flexible in their production processes [7]. 3D printing offers
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manufacturers with the opportunity to test the functionality of a design, without having to wait
weeks for it to be produced using conventional methods. In the past, long lead times have largely
held manufacturers back from investing in innovation. With 3D printing that is no longer the case.
Most printers are capable of printing parts within just hours or days, rather than weeks or months.
This allows manufacturers to efficiently test new products and make changes where they are needed
prior to committing to one design, enabling greater flexibility and innovation in production [8-10]. It
supports automation, interoperability, actionable insights and information transparency. There are
different components imperative to realize industry requirements. In this upcoming industrial
rebellion, AM is a vital technology which has become the main component of product modernism
and development. This disruptive technology can fulfill diverse challenges in the future
manufacturing system and help the industry to produce inventive products[11-12].

2. Role in automotive industry

Several automakers have been working to develop advanced technologies for automobiles
that will allow for improved fuel economy. One such development is the emergence of Additive
Manufacturing (AM) or 3D printing, which presents a series of benefits for the manufacture of a
single automobile component or an entire vehicle while ensuring strong, suitable physical properties.

Additive manufacturing is a disruptive and rapidly-growing technology that allows
designers to prepare quick or rapid prototypes as well as complex designs, which otherwise would
not have been possible through legacy subtractive manufacturing processes. The novel technology
provides the automotive industry with innovative designs, innovation freedom, and proficiency in
the supply chain. This technology is also used for testing, manufacturing, and assembling automotive
parts and components with higher efficiency, optimization, and cost-efficiency [13-14].

Additive manufacturing technology is not new to the automotive industry, considering the
past couple of years with immense activities in this field. BMW claims that the company had
recognized the technology 28 years ago. The automaker has an Additive Manufacturing Center in
Munich, where over 100,000 precision components are developed and manufactured each year. These
components range from prototypes to small plastic mountings and highly-complex metal chassis
parts [15-16].

Fig.1 Models for automotive parts [17]

On a similar note, the tool making unit of Volkswagen (VW) established an additive
manufacturing center in 2018. VW is looking at the potential of binder jet 3D printing for prototypes
and tool production, with a target of introducing additive manufacturing over the next few years for

end-use production of parts [18-19]. VW is also looking at a production output of over 100,000 3D
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printed parts per year. The company has already demonstrated savings in the cost of tooling through
its “Automotive Application of the Year” award in 2018. VW has also applied 3D printing to the light-
weighting of components in production vehicles, including water connectors for the inside of the
Audi W12 engine. When talking about additive manufacturing, there is no “one size fits all” scenario.
There are different additive manufacturing technologies that are developed according to specific
components / areas / production requirements of the automotive industry. In this respect, it can also
be seen that, based on the component that needs to be printed, there are suitable additive
manufacturing technologies and processes present. Despite the advantages of additive manufacturing
and the level of activity of major automakers, this technology has still not been adopted at a large-
scale. Major players in the automotive industry are interested in this technology and have produced
components/parts, such as Porsche manufacturing spare parts for rare and classic cars, Mercedes-
Benz Trucks and VW manufacturing components for specific vehicles, and the manufacture of a
complete car, i.e., the Divergent Blade by Divergent Manufacturing System. However, this is still too
little as compared to the vast potential present in the automotive industry [20-21].

One of the main reasons for the low adoption rate is the high initial cost associated with
additive manufacturing technology. Further, the cost of materials used for 3D printing is also very
high (approximately 70% of the components cost tends to be the material cost). Although there have
been immense technological developments and improvements in all additive manufacturing
techniques, scaling the manufacturing system and increasing the production rate have not been
successfully demonstrated or implemented for the production of very large-scale physical
components and parts for the automotive industry [22-23].

Another reason is the material composition of the modern automobile. Traditional
automotive manufacturing processes used a wide range of raw materials; some of the additive
manufacturing processes may not support materials that are currently being used for manufacturing.
Presently, 3D printers can support only up to a few materials at a time for a build. Most additive
manufacturing techniques cannot support different materials for printing one single component.
Another key area of concern is that additive manufacturing requires technical expertise from the stage
of designing the product to the stage wherein the end component is removed for post-curing. Lack of
skilled labor is a challenge hindering the adoption of this technology, especially among tier
manufacturers across the globe [24-26].

Benefits associated with additive manufacturing, specifically for the automotive industry, are
quite evident. Complex components can be manufactured with no wastage of material and quick
turnaround time. However, the only challenge encountered is the lack of ability of this technology to
produce automobile parts in mass numbers. Mass production of automobile parts has always been
the topmost priority, and thus, additive manufacturing will have to wait for a couple of years before
the technology is fully adopted by players in the automotive industry [27]. The additive
manufacturing technology will be instrumental in developing new designs that previously did not
cross the drawing board, owing to several manufacturing challenges. Research and development

wings of automakers will experiment with this technology to develop new designs and materials [28].

3. Role in electronics industry

This article is aimed at providing insights into 3D printing of mechanical components for
electronics and explaining how additive manufacturing enables faster design and production
processes. Just like in any other field, additive manufacturing (AM) offers unique opportunities in

electronics too. Its ability to combine multiple materials in single print jobs is very helpful in this
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industry. 3D printing technologies are much more accessible and simpler than they previously were.
This enables significantly faster prototyping, which could reduce lead times, costs and mistakes that
disrupt the production process.

3D printing allows the on-demand production of an electronic part with fixed lead time and a
confined cost structure, which significantly reduces the time to design and launch a product. It also
allows new and old devices to be easily produced with multiple 3D printing materials and low
volume directly from a manufacturer’s digital inventory or a customer’s CAD model. This is the main
advantage and will transform the supply chain for electronics and allow manufacturers to instantly
cater to the customer demand. For example, using 3D printing for solar panels helps designers to
break conventional design rules. This is not only means the external structure but also the internal
circuitry which might help improve the performance of components, minimize size, optimize weight
and achieve complex and precise geometries [29-30].

The speed and ease of operation associated with additive manufacturing make it ideal for
creating quick prototypes. Printing parts with Multi jet fusion (MJF) is a relatively budget-friendly
option often chosen for prototyping. Fused deposition modeling, the most accessible form of additive
manufacturing, is another viable alternative. FDM is the cheapest and best technology for prototyping
due to its simplicity in usage and the cheaper build material. Since the whole process is a lot cheaper
compared to the conventional processes, there is a better chance for redesigning, analysis within a
short time span [31-34]. Electronic products like PCBs mainly depend on two types of materials: an
insulating dielectric substrate and conductive elements. Newer polymer materials with low dielectric
constant and semiconducting polymer materials, both with adjustable electronic properties, are being
adapted for use in recent times. These advanced materials coupled with 3D printing can open new

doors in terms of design and modern developments [35].

Fig.2 Electronics components[23]

In a traditional process, the circuit is added to the complete part in the later stage but in the
additive process, the built circuit is printed along with the part which makes the circuit encapsulate
within it which safeguards the circuit from any external damage. For example, the small antenna in a
mobile phone can be printed directly into a phone. Electronics like PCBs can be simply 3D printed on
non-flat surfaces, whereas conventional methods don’t allow this process [36]. In the same way,
electronics can be easily embedded into sensors on flexible surfaces, sugar testing strips, prosthetics
and customizable batteries. Customized devices and 3D printed batteries can outperform the normal

ones as their shapes and sizes are customized to fit a particular product and function thus optimizing
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the performance. One of the significant features of 3D printing is its production of lesser waste than
the conventional subtractive processes and it holds the same even for electronics. 3D printing
eliminates the need for extra wiring and additional circuits. Furthermore, the printed electronics
eliminates the steps involved while conventional production into a single step thus also facilitating a

simpler assembly[37].

4. Role in aerospace industry

In aerospace engineering, technological innovation is the key to soaring new heights. One
such innovation that has revolutionized traditional manufacturing processes within this industry is
additive manufacturing, commonly known as 3D printing. This transformative technology has
catalyzed a paradigm shift in aerospace, offering unprecedented advantages encompassing design,
performance, and materials.

Let’s examine the pivotal role of additive manufacturing processes, materials, and designs in
crafting lightweight structures that redefine the boundaries of what is possible in aerospace
engineering. Additive manufacturing (AM), often called 3D printing, has ushered in a new era of
possibilities within the aerospace industry, offering many advantages that have reshaped how aircraft
and spacecraft are designed and produced. Furthermore, AM enhances supply chain efficiency. The
capacity for on-demand production and localized manufacturing reduces the need for extensive
warehousing and long lead times, enabling aerospace companies to respond more swiftly to market
demands and changes in design specifications [38].

Additive manufacturing has been integrated across a broad spectrum of aerospace
applications. Among its most pivotal roles is producing engine components, where performance and
weight savings are paramount. 3D printing has redefined the production of critical parts like fuel
nozzles and turbine blades. By utilizing complex geometries and high-strength materials, additive
manufacturing has led to significant advancements in engine efficiency. The technology enables the
creation of intricate internal cooling channels within components, enhancing heat dissipation and
overall performance [39].

Additionally, 3D-printed engine parts are often lighter than their traditionally manufactured
counterparts, contributing to reduced fuel consumption and emissions — a vital consideration in the
quest for more sustainable aviation. In this way, additive manufacturing has become the driving force
behind developing cutting-edge propulsion systems, propelling the aerospace industry toward
greater efficiency and environmental responsibility. Beyond engine components, additive
manufacturing plays a multifaceted role in aerospace. It offers unparalleled versatility in producing
structural parts, tooling, and prototypes. Structural components, such as aircraft brackets and interior
fittings, benefit from the ability to design and print complex shapes that optimize strength-to-weight
ratios [40-41].

Tooling, which is essential for manufacturing and repair processes, can be rapidly and cost-
effectively produced through 3D printing. This can include fixtures that hold components during
traditional manufacturing methods or tooling to assemble or disassemble parts of a commercial jet
engine [42].

Furthermore, in repair and maintenance, 3D printing has proven invaluable. It enables the
efficient creation of replacement parts on-site, reducing downtime and costs associated with sourcing
hard-to-find components. This versatility across diverse aerospace applications showcases the
transformative potential of additive manufacturing, making it an indispensable tool in the arsenal of

aerospace manufacturers and maintenance teams. At the same time, polymer composites have carved
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out their own niche within additive manufacturing systems. These materials, which combine the
strength of fibers like carbon or glass with the versatility of polymers, offer an exceptional
combination of lightweight characteristics and structural integrity.

In aerospace, where every ounce matters, polymer composites have been instrumental in
reducing the overall weight of aircraft and spacecraft, leading to enhanced fuel efficiency and payload

capacities. Moreover, the ability to tailor the composition of these composites allows engineers to fine-

tune material properties to meet the specific requirements of a given application [43].

i

Fig.3 Aerospace components [38]

One of the paramount concerns is the certification and qualification of 3D-printed
components. Ensuring the reliability and safety of these parts is non-negotiable in aviation and
aerospace, where lives are at stake. Establishing rigorous standards and procedures for certifying
additive manufacturing processes and materials is imperative. Additive manufacturing is poised to
reshape the aerospace industry profoundly, ushering in an era of innovation, efficiency, and
unprecedented possibilities. However, the road ahead is not without its hurdles. Certification and
qualification processes, stringent quality control measures, scalability challenges, and industry-wide
collaboration are paramount to ensuring the safe and reliable integration of 3D printing into the
manufacturing landscape of the aerospace industry. The aerospace industry must continue to invest
in research, development, and cooperation to overcome these challenges. Doing so can unlock the full
potential of additive manufacturing, where complex, lightweight, and highly customized components
become the norm, paving the way for a future where aerospace systems are not just advanced but

also safer and more sustainable [44].

5. Role in medical industry

Currently implants are the most extensively produced 3D printed parts in the medical
industry. They offer a whole range of advantages, particularly when it comes to the replacement of
bone material. These parts are printed using CAD files, often generated using medical imaging
techniques.

Since implants are usually custom-made products for a well-defined purpose, additive
manufacturing is ideal, due to its ability to produce unique items quickly and cost effectively. Until
recently these types of implants would usually have been mass-produced and then adapted for the
patient, often by the surgeon. It can make simple parts such as femur implants or hip bones tailored
to the individual patient, figure joints, zygomatic bones and jawbones, as well as complex implants
such as orbital implants, cranial bones and thoracic implants. And implanting/attachment of artificial

teeth is now a standard application for 3D printing [45].
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Due to 3D printing's comparatively fast manufacturing times and the possibility of on-
demand production (i.e. implants as and when they are needed), the medical sector is increasingly
recognizing the benefits of this technology and is using it for both standard implants, such as
individual vertebrae in the spine as well as more customized options. Surgical aids often need
specifically designing for the individual patient and the respective operation e.g. templates help with
drilling the cranial bone to millimeter precision. Due to the high-level of accuracy using processes
such as DMLS (individual features of less than one millimeter can be achieved - depending on
material biocompatibility and intended application), there are huge benefits to using 3D printing for
this. Accurate CT scans of a drill section can create precise files that allow the production of parts
quickly. The resulting needs-based drilling templates allow for more accurate work and help avoid

dangerous errors during the operation [46-47].

Fig.4 Medical applications [44]

Another additive manufacturing material used in the production of medical devices and
custom-made products is the relatively new Micro Fine Green. Using this bright green material to
create microscopic structures, opens a whole range of possible applications which were previously
not feasible in medical 3D printing. Single parts for pacemakers, only a fraction of a millimeter in size,
are just as conceivable as miniaturized catheters or liquid and gas injectors [48].

By using processes such as DMLS and stereo lithography to print complex geometries, there
are almost no limits to what additive manufacturing can produce for the medical industry. Besides
providing templates for specific operations, which differ from patient to patient, the new
manufacturing methods also allow innovations in medical instruments for the operating theatre. 3D
printing makes it easier to produce instruments that were previously not economically viable or, in
some cases, even impossible [49].

For example, DMLS can produce surgical devices that allow special drilling or incisions,
which can crop up repeatedly in medicine. Additive manufacturing applications also include other
specialized medical instruments to better suture surgical wounds or used as tools during the surgery
itself. Instruments precisely adapted to an individual surgeon, such as handles for scalpels, are an
example. Parts manufactured from special plastics using additive production can also be used, for
example as highly specialized brackets or spacers. Such extensive use of 3D printed parts in the

medical industry is possible because the materials and methods combine a whole range of benefits
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including; mechanical strength, cleanliness and ease of cleaning and sterilisability. It is also cheaper to
produce parts designed for a single task or purpose than by traditional production methods [50].

For a long time, 3D printing has been a useful manufacturing process for specially adapted
prostheses and orthoses. Compared with other manufacturing processes, 3D printing allows you to
produce individual parts that are specially tailored to an individual patient, inexpensively, quickly
and easily. Parts have to be specially adapted in the production of both orthoses and prostheses.
However, whilst in prosthetics missing limbs or body parts are replaced, in orthoses the goal is
usually more the support or immobilisation of individual limbs or joints. In both cases, additive
manufacturing helps enormously in bringing innovative ideas to market faster and more cost-
effectively. This way, people who urgently need the assistance of these medical aids can get assistance
more quickly. An example of this is the faster product development of exoskeletons - i.e. orthoses that
allow users a better functioning musculoskeletal system. Manufacturing processes such as injection
moulding often take a long time, while the waiting period for 3D printed parts is far less. 3D printing
has similar advantages in the production of innovative prostheses, which need to be specially
adapted to the respective wearer, or in prototypes of entire new generations of prostheses which, like

exoskeletons, have yet to go through a product development cycle [51-53].

6. Conclusion

Additive Manufacturing and 3D printing technologies have revolutionized engineering
processes, especially in complex and specialized industries such as aerospace and automotive.
Evolving from a technology merely used for prototyping to a technology utilized in every aspect of
the industry, AM can be employed to fabricate parts, components, tools and for repair and
restoration. AM has the advantage of creating lightweight parts with flexible design and minimum
waste. Moreover, the parts are quickly printed on demand which allows for a cost effective and
environmentally friendly manufacturing process. AM also positively affects the affordable and clean
energy and contribute to the decent work and economic growth. It is evident that 3D printing, and
additive manufacturing are quickly becoming the favorites manufacturing techniques, especially for
industries with forward thinking decision makers. Weighing the advantages of AM technologies
prove that they will be the manufacturing pillars in upcoming industrial revolutions. The presented
article was used to explain the various role and applications of AM in aerospace, automotive, medical

and electronics industries.

Acknowledgement

Nill

Funding

No funding was received to carry out this study.

References

1. Caiazzo, F.; Alfieri, V.; Corrado, G.; Argenio, P. Laser powder-bed fusion of Inconel 718 to
manufacture turbine blades. Int. J. Adv. Manuf. Technol. 2017, 93, 4023-4031. [Google Scholar]

2. (Citarella, R.; de Castro, P.M.S.T.; Maligno, A. Editorial on Special Issue “Fatigue and Fracture
Behaviour of Additive Manufacturing Mechanical Components”. Appl. Sci. 2020, 10, 1652.

16



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

S. Marichamy & K.Anandavelu (2024)

Sepe, R.; Franchitti, S.; Borrelli, R.; Di Caprio, F.; Armentani, E.; Caputo, F. Correlation between
real geometry and tensile mechanical behaviour for Ti6Al4V electron beam melted thin
specimens. Theor. Appl. Fract. Mech. 2020, 107, 102519.

Borrelli, A.; D’Errico, G.; Borrelli, C.; Citarella, R. Assessment of Crash Performance of an
Automotive Component Made through Additive Manufacturing. Appl. Sci. 2020, 10, 9106.
Sathujoda, P.; Batchu, A.; Obalareddy, B.; Canale, G.; Maligno, A.; Citarella, R. Free Vibration
Analysis of a Thermally Loaded Porous Functionally Graded Rotor-Bearing System. Appl. Sci.
2020, 10, 8197.

Mehditabar, A.; Ansari Sadrabadi, S.; Sepe, R.; Armentani, E.; Walker, J.; Citarella, R. Influences of
Material Variations of Functionally Graded Pipe on the Bree Diagram. Appl. Sci. 2020, 10, 2936.
Fischer, T.; Kuhn, B.; Rieck, D.; Schulz, A.; Trieglaff, R.; Wilms, M.B. Fatigue Cracking of
Additively Manufactured Materials —Process and Material Perspectives. Appl. Sci. 2020, 10, 5556.
Carrozza, A.; Aversa, A.; Mazzucato, F.; Lombardi, M.; Biamino, S.; Valente, A.; Fino, P. An
Innovative Approach on Directed Energy Deposition Optimization: A Study of the Process
Environment’s Influence on the Quality of Ti-6Al-4V Samples. Appl. Sci. 2020, 10, 4212.
Armentani, E.; Greco, A.; De Luca, A.; Sepe, R. Probabilistic Analysis of Fatigue Behavior of
Single Lap Riveted Joints. Appl. Sci. 2020, 10, 3379.

Xie, B.; Xue, J.; Ren, X.;; Wu, W,; Lin, Z. A Comparative Study of the CMT+P Process on 316L
Stainless Steel Additive Manufacturing. Appl. Sci. 2020, 10, 3284.

Li, C; Gu, H; Wang, W.; Wang, S.; Ren, L.; Wang, Z.; Ming, Z.; Zhai, Y. Effect of Heat Input on
Formability, Microstructure, and Properties of Al-75i-0.6Mg Alloys Deposited by CMT-WAAM
Process. Appl. Sci. 2020, 10, 70.

Jin, W,; Zhang, C;; Jin, S; Tian, Y.; Wellmann, D.; Liu, W. Wire Arc Additive Manufacturing of
Stainless Steels: A Review. Appl. Sci. 2020, 10, 1563.

Ji, M., Li, F, Lj, ], Li, J.,, Zhang, C., Sun, K., Guo, Z.: Enhanced mechanical properties, water
resistance, thermal stability, and biodegradation of the starch-sisal fibre composites with various
fillers. Mater. Des. 198, 109373 (2021)

Murr, L.E., Gaytan, S.M., Medina, F., Lopez, H., Martinez, E., Machado, B.I,, Hernandez, D.H,,
Martinez, L., Lopez, M.I, Wicker, R.B.: Next-generation biomedical implants using additive
manufacturing of complex, cellular and functional mesh arrays. Philos. Trans. R. Soc. A Math.
Phys. Eng. Sci. 368, 1999-2032 (2010)

Vaezi, M., Seitz, H., Yang, S.: A review on 3D micro-additive manufacturing technologies. Int. J.
Adv. Manuf. Technol. 67, 1721-1754 (2013). https://doi.org/10.1007/500170-012-4605-2

Singh, R.P., Pandey, P.M.: Comparison of conventional and ultrasonic drilling on cutting force in
porcine and human femur. In: Proceedings of the ASME 2020 15th international manufacturing
science and engineering conference MSEC2020. American Society of Mechanical Engineers, pp 1-
8 (2020)

Singh, R.P., Pandey, P.M., Mridha, A.R.: Thermal changes during drilling in human femur by
rotary ultrasonic bone drilling machine: A histologic and ultrastructural study. J. Biomed. Res.
Part B Appl. Biomater. 110, 1023-1033 (2021)

Tack, P., Victor, J.,, Gemmel, P, Annemans, L.: 3D-printing techniques in a medical setting: a
systematic literature review. Biomed. Eng. Online 15, 1-21 (2016)

Kessler, A., Hickel, R., Reymus, M.: 3D printing in dentistry —state of the art. Oper. Dent. 45, 30—
40 (2020)

17



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

S. Marichamy & K.Anandavelu (2024)

da Silva, L.R.R,, Sales, W.F., Campos, F.D.A.R., de Sousa, ].A.G., Davis, R., Singh, A., Coelho, R.T.,
Borgohain, B.: A comprehensive review on additive manufacturing of medical devices. Prog.
Addit. Manuf. 6, 517-553 (2021)

Kang, H.-W,, Lee, S.J., Ko, LK., Kengla, C., Yoo, ].]., Atala, A.: A 3D bioprinting system to produce
human-scale tissue constructs with structural integrity. Nat. Biotechnol. 34, 312-319 (2016)
Agarwal, R., Singh, RP., Gupta, V., Singh, ].: Influence of cutting force on temperature,
microcracks and chip morphology during rotary ultrasonic bone drilling: an in-vitro study. ]J.
Braz. Soc. Mech. Sci. Eng. (2022). https://doi.org/10.1007/s40430-022-03608-6

Kumar, A., Singh, G., Singh, R.P., Pandey, P.M.: Role of additive manufacturing in industry 4.0
for maintenance engineering. In: Applications and challenges of maintenance and safety
engineering in industry 4.0. pp 235-254 (2020). https://doi.org/10.4018/978-1-7998-3904-0.ch013.
Liaw, C.-Y., Guvendiren, M.: Current and emerging applications of 3D printing in medicine.
Biofabrication 9, 24102 (2017)

Bose, S., Vahabzadeh, S., Bandyopadhyay, A.: Bone tissue engineering using 3D printing. Mater.
Today 16, 496-504 (2013)

Chimene, D., Lennox, K.K., Kaunas, R.R., Gaharwar, A.K.: Advanced bioinks for 3D printing: a
materials science perspective. Ann. Biomed. Eng. 44, 20902102 (2016)

Haleem, A., Javaid, M.: Polyether ether ketone (PEEK) and its manufacturing of customised 3D
printed dentistry parts using additive manufacturing. Clin. Epidemiol. Glob. Health 7, 654-660
(2019)

Ayyildiz, S., Dursun, A.M., Yildirim, V., Ince, M.E., Giilgelik, M.A., Erdol, C.: 3D-printed splitter
for use of a single ventilator on multiple patients during COVID-19. 3D Print. Addit. Manuf. 7,
181-185 (2020)

Goole, J., Amighi, K.: 3D printing in pharmaceutics: a new tool for designing customized drug
delivery systems. Int. J. Pharm. 499, 376-394 (2016)

Ventola, C.L.: Medical applications for 3D printing: current and projected uses. Pharm. Ther. 39,
704 (2014)

Singh, R.P., Mohan, P., Ranjan, A.: An in-vitro study of temperature rise during rotary ultrasonic
bone  drilling of human bone. Med. Eng. Phys. 79, 3343 @ (2020).
https://doi.org/10.1016/j.medengphy.2020.03.002

Gupta, V., Singh, R.P,, Pandey, P.M., Gupta, R.: In vitro comparison of conventional surgical and
rotary ultrasonic bone drilling techniques. Proc. Inst Mech. Eng. Part H ]. Eng. Med. 234, 398—411
(2020). https://doi.org/10.1177/0954411919898301

Ali, M.A., Rajabi, M., Sali, S.S.: Additive manufacturing potential for medical devices and
technology. Curr. Opin. Chem. Eng. 28, 127-133 (2020)

Francis, M.P.,, Kemper, N., Maghdouri-White, Y., Thayer, N.: Additive manufacturing for
biofabricated medical device applications. In: Additive manufacturing. pp 311-344. Elsevier
(2018)

Gibson, I, Rosen, D., Stucker, B.: Additive manufacturing technologies additive manufacturing
technologies: 3D printing, rapid prototyping, and direct digital manufacturing. Springer, New
York (2015)

Ngo, T.D., Kashani, A., Imbalzano, G., Nguyen, K.T.Q., Hui, D.: Additive manufacturing (3D
printing): a review of materials, methods, applications and challenges. Compos. Part B Eng. 143,
172-196 (2018). https://doi.org/10.1016/]. COMPOSITESB.2018.02.012

18



37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

S. Marichamy & K.Anandavelu (2024)

Zeltmann, S.E., Gupta, N., Tsoutsos, N.G., Maniatakos, M., Rajendran, J., Karri, R.: Manufacturing
and security challenges in 3D printing. JOM 68, 1872-1881 (2016)

Rengier, F., Mehndiratta, A., Von Tengg-Kobligk, H., Zechmann, C.M., Unterhinninghofen, R.,
Kauczor, H.-U,, Giesel, F.L.: 3D printing based on imaging data: review of medical applications.
Int. J. Comput. Assist. Radiol. Surg. 5, 335-341 (2010)

Durakovic, B.: Design for additive manufacturing: benefits, trends and challenges. Period. Eng.
Nat. Sci. 6, 179-191 (2018)

Higgins, J.P.T., Thomas, J., Chandler, J., Cumpston, M., Li, T., Page, M.]., Welch, V.A.: Cochrane
handbook for systematic reviews of interventions. John Wiley & Sons, Hoboken (2019)

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G.: PRISMA Group*, the: Preferred reporting items
for systematic reviews and meta-analyses: the PRISMA statement. Ann. Intern. Med. 151, 264-269
(2009)

Dos Santos, W.M., Secoli, S.R., de AratjoPiischel, V.A.: The Joanna Briggs Institute approach for
systematic reviews. Rev. Lat. Am. Enfermagem (2018). https://doi.org/10.1590/1518-
8345.2885.3074

[43] Grant, M.]., Booth, A.: A typology of reviews: an analysis of 14 review types and associated
methodologies. Heal. Inf. Libr. ]. 26, 91-108 (2009)

Zennifer, A., Manivannan, S., Sethuraman, S., Kumbar, S.G., Sundaramurthi, D.: 3D bioprinting
and photocrosslinking: emerging strategies & future perspectives. Biomater. Adv. 134, 112576
(2022)

Wang, Y., Cui, H., Esworthy, T., Mei, D., Wang, Y., Zhang, L.G.: Emerging 4D printing strategies
for next-generation tissue regeneration and medical devices. Adv. Mater. 34, 2109198 (2022)
Jamieson, C., Keenan, P., Kirkwood, D., Oji, S., Webster, C., Russell, K.A., Koch, T.G.: A review of
recent advances in 3D bioprinting with an eye on future regenerative therapies in veterinary
medicine. Front. Vet. Sci. 7, 584193 (2021)

Alcala-Orozco, C.R., Cui, X., Hooper, G.J., Lim, K.S., Woodfield, T.B.F.: Converging functionality:
Strategies for 3D hybrid-construct biofabrication and the role of composite biomaterials for
skeletal regeneration. Acta Biomater. 132, 188-216 (2021)

Giubilini, A., Bondioli, F., Messori, M., Nystrom, G., Siqueira, G.: Advantages of additive
manufacturing for biomedical applications of polyhydroxyalkanoates. Bioengineering 8, 29 (2021)
Ahmed, W.,, Siraj, S., Al-Marzougqi, A.H.: Embracing additive manufacturing technology through
fused filament fabrication for antimicrobial with enhanced formulated materials. Polymers (Basel)
13, 1523 (2021)

Liu, Y., Wang, W., Zhang, L.-C.: Additive manufacturing techniques and their biomedical
applications. Fam. Med. Community Heal. 5, 286-298 (2017)

Ali, M.A,, Hu, C,, Yttri, E.A., Panat, R.: Recent advances in 3D printing of biomedical sensing
devices. Adv. Funct. Mater. 32, 2107671 (2022)

Jain, K., Shukla, R, Yadav, A. Ujwal, RR., Flora, S.J.S.: 3D printing in development of
nanomedicines. Nanomaterials 11, 420 (2021)

Dziaduszewska, M., Zielinski, A.: Structural and material determinants influencing the behavior
of porous Ti and its alloys made by additive manufacturing techniques for biomedical
applications. Materials (Basel) 14, 712 (2021)

19



