© 2021 JETIR May 2021, Volume 8, Issue 5 www.jetir.org (ISSN-2349-5162)

Biomaterials and 3D printing for sustainable
applications

Rohitash Sharma, Shishir Singhal, Bipin Kumar Madhesia,
Prince Gupta, Mohammad Asif
Department of Mechanical Engineering,
Lovely Professional University, Punjab, India

Abstract: 3 Dimensional bio printing is an emerging across the globe with better quality and high precision work of producing
biomaterials parts such as teeth, body parts etc. with high precision layer by layer plating of tissue with printing which work in
addition of layer on layer manner. As the printing evolved there are many new innovations which change things in medical field
and reduce difficulty to patients and industries as well as by providing their required part in less time with high precision. In this
paper reviewed about printing different printing technologies, about printing process, biomaterials, needs in printing and about
sustainable application with future trends.
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1. INTRODUCTION:

As the population of world increasing day by day accordingly requirements of humans is also increasing. To fulfill these
requirements humans are developing many things with lot of researches and compatibility. These researches are mainly raised
due to the human need and to fulfill these humans are developing a way or any machine to accomplish the task with ease. Across
the world many researches and projects are going on with the support of government, social groups and institution to develop the
world to next level with conservation of resources for future generation [1]. Nowadays, one of innovation is in demand with lot
of ease and better result with high precision is printing. There are many different printing technologies or printers are available
in the market as per requirement such as Stereo lithography, selective laser sintering, fused deposition modeling, Digital light
processing, Multi jet fusion, Poly jet etc. These printers are designed for different requirement and materials. For example if a
person need to want good surface with good quality with nylon based material then that person need Stereo lithography printing
technology or printer[2]. Mainly is using making small parts or functional prototypes which consist complex geometry and take
time on creation from traditional manufacturing. Printing complete work much faster than traditional manufacturing as well as
provide good quality with high durability [3-4]. In 1980s printing was new concept it was using for some application as aesthetic
or functional prototype because at that time printing not evolved so much and many did not know about this technology. As the
goes and many researches help by year by year this technology gets evolved and Humans stats this technology use for many
application as industry, medical, organ making, dental application etc. Biomaterials are one of common materials that is most
popular in printing. Biomaterial is that materials which make combination of two or more substances that originates naturally.
These materials can use heal the body parts by replacing that part with biomaterial part which engage body system. Main feature
of these material are their integrity with biological system comfortably which improve the working of individual. Many
companies working on researches on Biomaterials and trying to develop new products. Biomaterials with Printing now a day’s
using in organ producing, dental, forensic, prototyping and producing small parts [5].

2. 3D PRINITING OVERVIEW:

3DPrinting is also known as additive manufacturing technology. It is nowadays widely using for physical components, models
and functional prototype. For this technology mainly we work on CAD model. CAD model are develop with help of CAD
Software in laptop/desktop. For design a CAD model there are lot of software are available such AutoCAD, ZW-CAD, Catia,
Solid works etc. Software may vary company to company as per convenience. Other part of printing technology is printer
(technology) [6-8]. There are variety of printers (technology) is available in the market as per requirement of work such as:

2.1 Stereo lithography (SLA): These printers mainly known as industrial printers for printing. This printer parts contains high
smooth surfaces, very close tolerances, parts are look nice and also contains strength. This printer parts are mainly used for
medical purpose (application) as micro fluids, anatomical models.

2.2 Selective Laser sintering (SLS): These printers are used to make pure thermoplastic material parts. It melts nylon based
powders (together) into solid plastics. These printer parts are more durable and suits for functional testing but it consist rough
surface as compare to SL technology. These printers mainly used for making prototypes.

2.3 Fused Deposition Modeling (FDM): It is printing technology for plastic parts. It is also known as desktop printing
technology for parts of plastics and it works as extruding a plastic material onto platform layer by layer. It is used to produce
physical models but it’s having rough surfaces.

2.4 Digital light process (DLP): It cures liquid using light and all things are similar to SLA. These printers are consisting Light
projector screen and it’s having high building speed so it recommended for low volume production of plastic parts.

2.5 Multi jet Fusion (MJF): It also makes nylon powder functional parts. To sinter the powder uses inkjet array to act as fusing
agent to nylon powder (bed of nylon powder). To fuse each layer passes the heat element over the bed of nylon powder. This
method gives more improved mechanical properties and good surface finish as compare to SLS printers. It lowers the production
cost because its building speed is quite good.
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2.6 Polyjet: These printers consist ability print material with multiple properties as colour and materials. These are mainly
considered to print prototype of elastomeric or over molded or silicon rubber design.

2.7 Direct metal laser sintering (DMLYS): this printer technology is used to make metal parts. This method is applicable to both
production of parts and prototyping. Electron Beam melting (EBM)-: This is metal printing technology (printers). It is used
electron beam that is produced with help of electromagnetic coils to melt metal powder. On the bed parts produce must be heated
and also vacuum condition during printing [9-10].

These printer must contains various parts as printer frame; whole get stand with the help of these frames and gets align together
with the help of these frames, printer movements head related mechanics; movement of head in x, y and z direction movement as
per required command, Head of printer; it is a nozzle which deposits filament(processing material) or it can be colour and liquid
binders, Building bed; it is the platform at which whole object or part has to be processed, printer motor (stepper motor); motors
must not be less than 4 and theses are responsible for speed control with precise positioning, printer electronics, Firmware for
printer; software to control printer each aspects of printer, software; not part of printer but it needs fulfill printing process[11].

3D printers have their own language which known as standard tessellation language (STL) format file which consist triangle
collection known as facets which fit to each other in jig saw manner. In conversion of CAD file into STL format creates some
error in STL file which could be disturb the produced part. Conversion error related STL file from CAD file as holes, face
normal’s, self intersections, noise shells and manifold error. This error should be removed in original file/model. After the
successful conversion of CAD model to STL file then the next step is known as Slicer. In this process STL file will be processed
in the software called Slicer which slice the STL file into thin layers into code containing file which G- code. Then this file
processed to print the product in printer by using printer client software. Then fill the material in the filament of nozzle head then
printer starts printing the material. Completion of work depends upon the complexity of product or prototype. There are some
point need to be considered while selecting printer to required work are printer cost, print quality, print speed, printer capability
and practicality with expectation [12].

3. BIOMATERIALS:

Biomaterials play an important role in today’s medical science they are used in restoring function and healing after injury or any
decay disease. Biomaterial can be natural or synthetic according to their need. They are used in medical application to support or
to take place any damaged Organelle, or Biological functionalities. Firstly, Biomaterials was used by the Egyptians. The modern
field of Biomaterials unites physics, chemistry, biology and medicine. Now it is influencing tissue advancement and material
science. In past ten years, this field has grown drastically in every area like regenerative medicine and tissue advancement.
Biomaterials can be made by living cells as well as metal, plastics and glass. This can be made into molded, machine parts,
coating and biomedical products. Biomaterials can be used to make heart valves, hip-joint replacement and dental implants etc.
One major quality of Biomaterials is that they are bio-degradable and bio absorbable which means they can be removed gradually
from human body after fulfilling their purpose.

3.1 Biomaterials in 3D printing: The development in printing advancements in the course of recent years has carried these
technologies to numerous new fields. Clinical device and tissue engineering is one specific region where printing has accumulated
critical interest. With the possibility to create patient-explicit, customizable gadgets in brief timeframe outlines and for lower
costs, printing is an ideal innovation for the coming time of customized medication. A wide scope of biomaterials has been
utilized as inks framing constructions with a wide range of size and solidness. In this segment, we will outline the material
properties that are critical to creating biomaterial inks for each printing technique and survey as of now utilized biomaterial inks
utilized in printing, including their particular advantages and disadvantages[13].

3.2 Polymeric biomaterials inks: Polymers make up most of the biomaterial inks utilized in printing due to their simplicity of
process ability, minimum cost, and properties like biocompatibility, debasement and mechanics. Polymer inks come as fibers for
Fused Deposition Modeling FDM, dabs (powders) for Selective laser sintering (SLS), arrangements and gels for Direct Ink
Writing (DIW), and answers for Stereo lithography (SLA). Every one of these strategies requires explicit material boundaries for
printability. Solutions for Direct ink writing DIW are regularly contained a polymer disintegrated in a quickly vanishing natural
dissolvable, like dichloromethane, tetrahydrofuran or diethyl sulfoxide that quickly scatters upon expulsion, leaving a strong
polymer swagger behind [14].

3.2.1 Poly (lactic acid) PLA: PLA is the most regularly utilized bioplastic, obtained from the starch of agricultural plants like
corn, sugarcane, sugar beets, and wheat. PLA is perhaps the most examined thermoplastic aliphatic polyester framed from ring-
opening polymerization of lactide or polycondensation of lactic corrosive monomers. PLA can be found in semi crystalline or
undefined evaluation. Unadulterated poly (I-lactic corrosive) (PLLA) or poly (D-lactic corrosive) is semi crystalline, while PLA
with 50-93% L-lactic corrosive is formless [15].

3.2.2 Polyhydroxyalkanoate (PHA): PHA is one of the characteristic polymers got from the polymerization of microorganisms
by eicosanoic corrosive. According to, under some lopsided developing conditions like the low convergence of nitrogen,
phosphorus, oxygen, or magnesium and an abundance carbon; a few microbes get integrated into consideration to frame PHA. In
spite of having promising properties like biodegradability, biocompatibility, process ability, and similar mechanical properties,
higher manufacturing cost restricts its applications [16].

3.2.3 Acrylonitrile Butadiene Styrene (ABS): ABS is a petrochemical-based, triblock copolymer that has great strength from
the acrylonitrile and butadiene components while acquiring sturdiness from the styrene units, giving it a benefit over the to some
brittle polyester materials. This joined with a melting point of 105 °C makes ABS is an appealing contender for use in fused
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deposition modeling (FDM) and stereo lithography (SLA) frameworks. In any case, ABS has considered restricted to be as a
scaffold material outside of ligament designing since it by and large plays out something similar or more regrettable than PLA in
spaces of cell combination, process ability and cost. Moreover, it isn't biodegradable, which is a significant hindrance in an
industry that is going toward restorable materials [17-19].

3.3 Hydro gel inks: Hydro gels are three-dimensional polymer networks with the capacity to hold an enormous amount of water.
Hydro gels have been misused in an assortment of biomedical applications including 2D and culture frameworks for tissue
designing applications, just as cell or potentially bimolecular deliver Hydro gels give wonderful "delicate material” frameworks to
emulate local extracellular network (ECM) microenvironments because of their tunable mechanics, corruption and
functionalizability [21-24].

3.4 Ceramic-based ink: Ceramic have been a hot pattern in printing materials for some time now. While all the more ordinarily
connected with stoneware or kitchenware, Ceramic is in a real sense wherever in our day by day lives and its utilized broadly in
different enterprises. The natural printing technique FDM is a typical cycle for mud and other glue like earthenware production,
more exact cycles like SLA and binder jetting have additionally been adjusted to deliver more exact ceramic parts [25-27].

3.5 Composite inks:- Composites commonly involve a center polymer material and a supporting material, as cleaved or
consistent fiber. The composite material offers higher strength and firmness contrasted with non-supported polymers. Sometimes,
it can even supplant metals like aluminum [28].

There are various techniques for manufacturing composite segments, in addition printing. Notwithstanding, the greater part of
them have a scope of downsides: the requirement for the manual layup of the layers of a composite and the utilization of costly
restoring hardware and tooling, similar to molds [29].

3.6 Properties of Biomaterials [30-34]:

Biomaterials have excellent elasticity and they are physically very strong, and have pore size architecture. They are biodegradable
water content and chemically inert as well as non-toxic. Biomaterials releases biological components, they have motifs that cells
recognizes. They have very long life and they are very lasting.

3.7Advantages and Disadvantages: Biomaterials are Bio degradable which is both advantage and disadvantage because they can
leach and rupture. Biomaterials can absorb important and rare nutrients present in blood plasma and water. Biomaterials are
strong and chemically inert and they have high compressive strength but they also minimize the growth of bones. Biomaterial
provides high strength to give tendons, and damaged ligaments supports. Sometimes these Biomaterials leave their place of
implantation and become disobliged.

4. ENGINEERING APPLICATIONS OF PRINTED BIOMATERIALS:-

4.1 Tissue engineering: TE is a multidisciplinary field that applies the principles of engineering and life sciences close to the
improvement of organic substitutes. Major to TE is the use of living cells to accomplish natural substitutes for implantation into
the body as well as cultivate the redesigning of tissue in some other dynamic way. Inside the field of TE, there are two
fundamental methodologies that are utilized; the first is the utilization of platforms as a cell backing to urge the cells to frame
their own lattice. The subsequent philosophy takes benefit of the framework as development factor or medication conveyance
gadget to instigate and help recovery inside the body [35-38]. Key to the utilization of platforms in TE is three fundamental
qualities that the constructions ought to have. Essentially, the framework ought to have the option to impersonate the engineering
of the local ECM by giving space to vascularization, new tissue formation and nutrient transport. Moreover, the platform ought to
have the option to interface with the cell segment to work with their exercises like multiplication and separation. At last, the
framework needs to offer a underlying help while coordinating the mechanical properties of local tissues/organs. Advances in TE
have demonstrated to be fruitful in building various tissues that have been utilized in the center, for example, skin and cornea.
Nonetheless, developing complex strong organs stays a significant physical and natural test. Among different difficulties are the
absences of strategies that can all the while imitate the tissue miniature and macro architecture what's more, strategies that can
convey different cell types at exact locations [40-44]. AM has been used to attempt to address these limits in view of its primary
benefits of exact control also, customized customization. As of late, the term bioprinting has been begat for a specific class of
printing.Bioprinting is a layer-by-layer AM method in which exact situating of natural materials and living cells can be
accomplished. In the new years, the utilization of bioprinting for assembling frameworks has expanded as a aftereffect of the
advantages of having the option to control pore size, shape, and conveyance. Moreover to this, joined with the capacity of CAD
control and clinical imaging, for example, CT, bioprinting grants the creation of patient-explicit builds. Bone recovery was one of
the main TE applications to exploit the mechanical propels offered by means of printing of materials[45-47]. The primary
frameworks manufactured for this design were produced utilizing a biodegradable polymer, to be specific, poly(caprolactone),
furthermore, intertwined affidavit displaying as the printing method .The exact statement control of printing has worked with the
investigation of the impact of porosity and pore size on bone ingrowths and vascularization, permitting to make the most
satisfactory platforms for have coordination .Various materials have been printed for assembling these platforms, among them are
engineered polyesters (i.e., Stake PLA, PCL, and so forth), normal polymers (i.e., alginate, chitosan, gelatine, and so on), clay
composites (i.e., calcium phosphate also, hydroxyapatite), and blends of them . A vital illustration ofthe printed mix materials is
the hyperplastic "bone" platform, which is created of 90 wt% hydroxyapatite and 10 wt% poly(caprolactone) or poly(lactic-co-
glycolic corrosive) . These frameworks turned out to be quickly vascular zed and appeared and osteoregenerative properties when
embedded in vivo. Khalyfa et al. have additionally detailed a profoundly biocompatible calcium phosphate powder-cover, which
has been utilized to create permea clinical embeds like platforms for cranial reproduction (Fig.1A). Another model of a
bioprinting for TE application is heart recovery. Tissue-designed heart valve courses have been manufactured utilizing bioprinting
and detailed by Duan et al. The trileaflet valve courses were bioprinted utilizing a mix of methacrylatefunctionalized hyaluronic
corrosive and methacrylate-functionalized gelatin with exemplified human aortic valve interstitial cells [48].
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4.2 Medicine and drug delivery: The utilization of AM for clinical applications and medication conveyance has filled
quickly in the past decade. In the clinical field, printing can be utilized for careful arranging, clinical schooling, and tweaked
embed plan. The mix of AM and progressed clinical imaging empowers the formation of patient-explicit inserts and the
propagation of the perplexing design of tissues. Consolidating printing with progressed clinical imaging, a set-up of methods
remembering the utilization of CT or X-ray for blend with post processing instruments and calculations , a scope of clinical
inserts have been printed for an assortment of utilizations, including heart valves, ears , articular surface , meniscus , windpipe
support , bone , skull , and mandible to give some examples[ 49-51] The post processing instruments utilized in cutting edge
clinical imaging permit a progression of 2D pictures to be changed over into a view or model of the life systems. After the
imaging information are procured, they are then saved in DICOM (advanced imaging and correspondences in medication)
design. The DICOM documents are then controlled utilizing post processing apparatuses, which for the most part
incorporatethresholding, division, chiseling, managing, and smoothing instruments. The shapes of adivided area of interest can
be computationally changed into a triangle network. The cross section information at that point are further prepared utilizing
computer aided design programming where extra smoothing and altering is performed to at long last create a STL (stereo
lithography) document, which is viable with printer programming . This mix of methods has took into account custom
designed what's more, customized embeds and frameworks to be delivered rapidly and successfully. Otology, or the
investigation of the life systems and sicknesses of the ear, is one of the primary clinical fields that investigated printing as an
assembling strategy for inserts and gadgets to be created.

4.3 Dentistry: Computerized dentistry and AM are quickly changing the dental business and now printing is utilized for a
wide scope of dental applications, including dental and orthodontics models, direct crowns and scaffolds, dental aligners, night
watches, careful drill guides, adaptable gingival covers, and dental replacement bases (Fig. 2) . Utilizing AM techniques for
the manufacture of dental models is a methodology that has progressively been utilized for careful arranging, reenactment, and
orthodontics. Studies have looked at the models fabricated with printing strategies with those made with the customary mortar
technique and uncovered that the printed develops are clinically adequate as far as precision also, reproducibility. The benefits
of utilizing AM procedures rather than the customary strategy emerge from the capacity to utilize advanced models to
manufacture patient-explicit plans, which increment the effectiveness of production and improved solace for the patient.
Creation of dental aligners utilizing printing has totally changed the orthodontics treatment. The organization Envisaging
utilizes advanced dentistry and SLA innovation to make roughly 220,000 aligners each day, and very nearly 8 million every
year .printing empowers each set to be customized effectively to singular patient-explicit needs. The material utilized for
creating these aligners can incorporate styrene block copolymers, silicone rubbers, elastomeric composites, thermoplastic
elastomers, thermoplastic vulcanization elastomers, polyurethane elastomers, block copolymer elastomers, polyolefin mix
elastomers, and thermoplastic co polyester elastomers [52-54]. The principle benefits of these gadgets over traditional aligners
or supports are their improved style, expanded solace to wear, and improved oral cleanliness because of the gadget being
removable. The principle benefits of these gadgets over traditional aligners or supports are their improved style, expanded
solace to wear, and improved oral cleanliness because of the gadget being removable. printing has additionally been utilized
for helping periodontal fix. Respiring et al. have detailed the first in-human case treatment of a huge periodontal bony
imperfection utilizing a printed patient-explicit framework stacked with development factors. The platforms were printed
utilizing specific laser sintering advances and poly (caprolactone) containing 4 wt% hydroxyapatite. The interior piece of the
platform had a repository for putting away a human recombinant platelet-determined development factor. The examination
revealed that after a year of in vivo implantation the platform stayed flawless; notwithstanding, the development factor
discharge energy required further advancement [55].

5. FUTURE ASPECTS:

Rapid prototype to rapid manufacturing, critical components to critical products all are easy applications for printer. It
completely decreases both the material wastages and cost. If we talk about traditional printing/manufacturing, it is all about
wastage of material and includes non precession activity [60]. A lot of material is wasted, but in printer maximum of the material
is saved because of layer to layer deployment. The process starts after the suction of the material required for the layer
deployment, the containers supplies the material required for the layer to layer deployment phenomenon [61-63]

NASA and affiliates like relativity space are not only using printing for rocket parts but they also believe that the additive
manufacturing will help us colonize mars, other planets and beyond. Now human brain is completely activated toward the space
research, a lot of components are required in the space missions, in maximum of the space programs all the required materials are
send in the same space craft in which the space scientists are travelling. But past experiences have confirmed that they required
some more materials in every mission according to the changing situations in the space [64-67].

Only they will proceed to manufacturing, as if the manufacturing will be quite fast the company can provide the customer a quite
satisfactory and new product.

3D printing is completely going to change how industries work. At present we use printer in assembly line, through which the
assembly of car or mobile is quite simple and fast. But if we think about the future the printer is going to change the complete
scheme of the industries. Not before but now we can change how we purchase personal consumer goods. Printing will take world
beyond assembly line. Providing a significant reduction in the cost of components eventually leading to on the fly innovation
even more so we would be able to reduce industrial waste too.
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6. CONCLUSION:

In this study, Biomaterials and 3D printing for sustainable application is discussed. We briefly described what 3D printing is and
logged a literature review in which we discussed different literatures we have studied. Then we came to an overview of what a 3D
printing is. The new era of additive manufacturing is discussed in the paragraph. Biomaterials are the most important part of 3D
printing, so different Biomaterials, need of biomaterials and different biomaterials to be used were discussed in deep. We came to
know there that modern 3D printers require modern Biomaterials so some upcoming biomaterials were also discussed. 3D
printing is going to be used in fields of Engineering like Tissue engineering, Medicine and drug engineering, Dentistry and many
more engineering aspects used 3D printing at a vital level.
The most important aspect or uses of 3D printing is yet to come. Here we discussed the upcoming or future aspects of 3D printer
with sustainability. We contribute our study to encourage the development of 3D printer and increase the use of 3D printing so
that we can move to some extreme additive manufacturing where both time and materials used is reduced and humanity can use
some sustainable processes like 3D printers.

7. REFERENCE:

[1].R. Langer, J.P. Vacanti, Tissue engineering, Science 260 (1993)920-926.
[2].D. Howard, L.D. Buttery, K.M. Shakesheff, S.J. Roberts, Tissue engineering: strategiesstem cells Scaffolds, J. Anat. 213
(2008)66-72.
[3]. S. Yang, K.F. Leong, Z. Du, C.K. Chua, The design of scaffolds for use in tissue engineering. Par I.Traditional factors,
Tissue Eng. 7 (2001)679-689.
[4].S. Yang, K.F. Leong, Z. Du, C.K. Chua, The design of scaffolds for use in tissue engineering. Part
I.Traditionalfactors, Tissue Eng. 7 (2001)679-689.
[5].S. MacNeil, Progress and opportunities for tissue-engineered skin, Nature 445(2007)874-880.
[6].J. Hendriks, J. Riesle, C.A. van Blitterswijk, Co-culture in cartilage tissue engineering,J.
TissueEng.Regen. Med. 1 (2010) 170-178.
[7].C. Mandrycky, Z. Wang, K. Kim, D.H. Kim, bioprinting for engineering complextissues,
Biotechnol.Adv. 34 (2016)422-434.
[8].1. Zein, D.W. Hutmacher, K.C. Tan, S.H. Teoh, Fused deposition modeling of novelscaffold
architectures for tissue engineering applications, Biomaterials 23 (2002) 1169-1185.
[9].M.0. Wang, C.E. Vorwald, M.L. Dreher, E.J. Mott, M.-H. Cheng, A. Cinar, H.Mehdizadeh,
S. Somo, D. Dean, E.M. Brey, J.P. Fisher, Evaluating -printed biomaterials as scaffolds for
vascularized bone tissue engineering, Adv. Mater. 27 (2015) 138-144.

[10].R. Trombetta, J.A. Inzana, E.M. Schwarz, S.L. Kates, H.A. Awad, printing ofcalcium
phosphate ceramics for bone tissue engineering and drug delivery, Ann. Biomed. Eng. 45 (2017) 23-44.

[11].A.E. Jakus, A.L. Rutz, S.W. Jordan, A. Kannan, S.M. Mitchell, C. Yun, K.D. Koube,S.C.

[12].Yoo,H.E. Whiteley, C.-P. Richter, R.D. Galiano, W.K. Hsu, S.R. Stock, E.L. Hsu, R.N. Shah, Hyperelastic
“Bone”: a highly versatile, growth factor—free, osteoregenerative, scalable, and surgically friendly
Biomaterial, Sci. Transl. Med. 8 (2016). 358ral127(1)-358ra127(15).

[13].A. Khalyfa, S. Vogt, J. Weisser, G. Grimm, A. Rechtenbach, W. Meyer, M. Schnabelrauch,

Development of a new calcium phosphate powder-binder system for the printing of patient specific
implants, J. Mater. Sci. Mater. Med. 18 (2007)909-916.

[14].Liu, Zhi-Chao & Jiang, Qiuhong& Zhang, Yang & Li, Tao & Zhang, Hong-Chao. (2016). Sustainability of
Printing: A Critical Review and Recommendations.10.1115/MSEC2016-8618.

[15].G.Jani, A.Johnsona, J. Marques ,A.Francoc, “Threedimensional() printing in forensic science—An
emergingtechnology in India”, Annals of Printed Medicine, vol. 1, pp. 100006, 2021.

[16].P. Sreekala, M. Suresh,, S. Lakshmi Priyadarsini, “ organprinting: Review on operational challenges and
constraints”,

Materials Today: Proceedings, vol. 33, no. 7, pp. 4703- 4707, 2020.

[17].R. Langer, J.P. Vacanti, Tissue engineering, Science 260 (1993)920-926.

[18].D. Howard, L.D. Buttery, K.M. Shakesheff, S.J. Roberts, Tissue engineering: strategies,stem cellsand
scaffolds, J. Anat. 213 (2008) 66—72.

[19].S. Yang, K.F. Leong, Z. Du, C.K. Chua, The design of scaffolds for use in tissue engineering. Partl.

[21]. Traditional factors, Tissue Eng. 7 (2001) 679-689.

[22].M. Arun, N. Sathishkumar, k. Niteshkumar, S.S Ajai, S.aswin, “Development of patient specific bio-
polymer incisor teeth by printingprocess: A case study”, Materials Today : Proceedings, vol. 39, no. 4,
pp.1303- 1308, 2021.

[23].S. MacNeil, Progress and opportunities for tissue-engineered skin, Nature 445(2007) 874-880.

[24].J. Hendriks, J. Riesle, C.A. van Blitterswijk, Co-culture in cartilage tissue engineering,J.

Tissue Eng.Regen. Med. 1 (2010) 170-178.

[25]. B. Duan, L.A. Hockaday, K.H. Kang, J.T. Butcher, bioprinting of heterogeneousaortic valve
conduits with alginate/gelatin hydrogels, J. Biomed. Mater.Res. A (2013)1255-1264.

[26]. J. Jang, H.J. Park, SW. Kim, H. Kim, J.Y. Park, S.J. Na, H.J. Kim, M.N. Park, S.H.Choi,

S.H. Park,S.W. Kim, S.M. Kwon, P.J. Kim, D.W. Cho, printed complex tissue construct using stem
cellladendecellularized extracellular matrix bioinks for cardiac repair, Biomaterials 112 (2017) 264-274.

[27]. A. Faulkner-Jones, C. Fyfe, D.-J. Cornelissen, J. Gardner, J. King, A. Courtney, W. Shu, Bioprinting of human
pluripotent stem cells and their directed differentiation intohepatocyte-like cells for thegeneration of mini-livers
in, Biofabrication 7 (2015)044102.

[28]. H. Lee, D.-W. Cho, One-step fabrication of an organ-on-a-chip with spatial heterogeneity using a bioprinting

JETIR2105666 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f18


http://www.jetir.org/

© 2021 JETIR May 2021, Volume 8, Issue 5 www.jetir.org (ISSN-2349-5162)

technology, Lab Chip 16 (2016) 2618-2625.
[29]. J. Banks, Adding value in additive manufacturing: researchers in the United Kingdomand Europe look to
printing for customization, IEEE Pulse. 4 (2013)22-26.
[30]. L.E. Diment, M.S. Thompson, J.H.M. Bergmann, Clinical efficacy and effectiveness of printing: a
systematicreview, BMJ Open. 7 (2017).e016891 (1)-e016891 (11).
[31]. J. Parthasarathy, modeling, custom implants and its future perspectives incraniofacial surgery, Ann.
Maxillofac. Surg. 4 (2014)9-18.
[32]. F. Rengier, A. Mehndiratta, H. Von Tengg-Kobligk, C.M. Zechmann, R.Unterhinninghofen, H.U. Kauczor, F.L. Giesel,
printing based on imaging data: review of medical applications, Int. J. Comput. Assist. Radiol. Surg. 5 (2010) 335-341.
[33]. AJ. Reiffel, C. Kafka, K.A. Hernandez, S. Popa, J.L. Perez, S. Zhou, S. Pramanik, B.N.
Brown,W.S.Ryu,L.J.Bonassar,J.A.Spector,High-fidelitytissueengineeringofpatient-specific auricles for reconstruction of pediatric
microtia and other auricular deformities, PLoS One. 8 (2013)e56506(1)— e€56506(8).
[34]. C.H. Lee, J.L. Cook, A. Mendelson, E.K. Moioli, H. Yao, J.J. Mao, Regeneration of the articular surface of the
rabbit synovial joint by cell homing: a proof of concept study, Lancet 376 (2010)440-448.
[35]. C.H. Lee, S.A. Rodeo, L.A. Fortier, C. Lu, C. Erisken, J.J. Mao, Protein-releasingpolymeric scaffolds induce
fibrochondrocytic differentiation of endogenous cells for knee meniscus regeneration in sheep,SciEnce Transl. Med. 6
(2014).266ral71(1)-266ral71(21).
[36]. R.J. Morrison, S.J. Hollister, M.F. Niedner, M.G. Mahani, A.H. Park, D.K. Mehta, R.G.Ohye, G.E. Green, Mitigation of
tracheobronchomalacia with -printed personalized medical devices in pediatric patients, Sci. Transl. Med. 7 (2015).285ra64(1)—
285ra64(23).
[37]. S.Bose,S.Vahabzadeh,A.Bandyopadhyay,Bonetissueengineeringusingprinting, Mater. Today16 (2013)496-504.
[38]. F.A. Probst, D.W. Hutmacher, D.F.M¢€uller, H.-G. Machens, J.-T.Schantz,Rekonstruktion
derKalvariadurcheinpr€afabriziertesbioaktivesImplantat TT—calvarial reconstruction by customized
bioactive implant, Handchir.Mikrochir.Plast.Chir. 42 (2010) 369-373.
[39]. A. Cohen, A. Laviv, P. Berman, R. Nashef, J. Abu-Tair, Mandibular reconstruction using stereolithographic 3-dimensional
printing modeling technology, Oral Surg. Oral Med. Oral Pathol.
Oral Radiol.Endodontol. 108 (2009)661-666.
[40].Wolf, M. Vetter, I. Wegner, T. B€ottger, M. Nolden, M. Sch€obinger, M. Hastenteufel, T. Kunert, H.-P.
Meinzer, The medical imaging interaction toolkit, Med. Image Anal. 9 (2005) 594-604. D. Mitsouras, P.
Liacouras, A.Imanzadeh, A.AGiannopoulos, T.Cai,K.K.Kumamaru,E.George, N.Wake,E.J.Caterson,
B.Pomahac, V.B.Ho,G.T.Grant, F.J.Rybicki, Medical printingfortheradiologist,
RadioGraphics35 (2015)19651988.
[41]. R.Sharma,Forbes,https://www.forbes.com/sites/rakeshsharma/2013/07/08/the--printingrevolution-you-
Have-not-heard- about/#6e6aa35cla6b, 2018.Accessed4July2018.
[42].Envision TEC, https://envisiontec.com/-printing-materials, 2018. Accessed 25 July2018.
[43].So Sonova,https://www.sonova.com/en/features/-printing-technology-improved-hearing, 2018.
Accessed 3 August2018.
[44]. A.H. Jassim-Jaboori, M.O. Oyewumi, printing technology in pharmaceutical drug delivery: prospects
and challenges, J. Biomol. Res. Ther. 04 (2015).1000e141(1)-1000e141(3).
[45]. S.A. Khaled, J.C. Burley, M.R. Alexander, C.J. Roberts, Desktop printing ofcontrolled release
pharmaceutical bilayer tablets, Int. J. Pharm. 461 (2014)105-111.W. Huang, Q. Zheng, W. Sun, H.
Xu, X. Yang, Levofloxacin implants with predefined microstructure fabricated by three-dimensional
printing technique, Int. J. Pharm. 339 (2007) 33-38.
[46]. Y.Gu, X. Chen, J.-H. Lee, D.A. Monteiro, H. Wang, W.Y. Lee, Inkjet printed antibiotic- and calcium-
eluting bioresorbable nanocompositemicropatterns for orthopedic implants, Acta Biomater.8
(2012)424-431.
[47]. J. Pardeike, D.M. Strohmeier, N. Schrodl, C. Voura, M. Gruber, J.G. Khinast, A.Zimmer,
Nanosuspensions as advanced printing ink for accurate dosing of poorly soluble drugs in
personalized medicines, Int. J. Pharm. 420 (2011)93-100.
[48]. A. Dawood, B.M. Marti, V. Sauret-Jackson, A. Darwood, printing in dentistry, Br. Dent. J. 219
(2015)521-529.
[49]. A. Hazeveld, J.J.R. Huddleston Slater, Y.Ren, Accuracy and reproducibility of dental replica models
reconstructed by different rapid prototyping techniques, Am. J. Orthod.Dentofac.Orthop. 145 (2014)108—
115.
[50].T.McCue,Forbes,https://www.forbes.com/sites/timccue/2017/09/14/-printing-moves-alignte chnology-
toward-1-3-billion-in-sales/#4b02b8b45378,2018. Accessed1September2018.
[51].Invisalign, https://www.invisalign.co.uk/en/what-is-invisalign/Pages/Technology.aspx,2018. Accessed
16 August2018.
[52]. C. Li, Y.Chen, Multilayer Dental Appliances and Related Methods and Systems,2012.US20130302742A1.
R.L. Boyd, R.J. Miller, The invisalign system in adult orthodontics: mild crowding andspace closure
cases, J. Clin. Orthod. XXXI1V (2000)203-212.
[53].Kolesky, D. B.; Truby, R. L.; Gladman, A. S.; Busbee, T. A.; Homan, K. A.; Lewis, J. A. Bioprinting of
Vascularized, Heterogeneous Cell-Laden Tissue Constructs. Adv. Mater. 2014, 26 (19), 3124-3130.
[54]. Turner, B. N.; Strong, R.; Gold, S. A. A review of melt extrusion additive manufacturing processes: I.
Process design and modeling. Rapid Prototyping Journal 2014, 20 (3), 192—204.
[55].Shirazi, S. F. S.; Gharehkhani, S.; Mehrali, M.; Yarmand, H.; Metselaar, H. S. C.; Kadri, N. A.; Abu
Osman, N. A. A review on powder-based additive manufacturing for tissue engineering: selective laser
sintering and inkjet printing. Sci. Technol. Adv. Mater.2015, 16 (3), 033502.
[56].Duan, B.; Wang, M.; Zhou, W. Y.; Cheung, W. L.; Li, Z. Y.; Lu, W. W. Three-dimensional nanocomposite

JETIR2105666 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f19


http://www.jetir.org/
http://www.forbes.com/sites/rakeshsharma/2013/07/08/the-3d-printingrev
http://www.sonova.com/en/features/3d-printing-technology-improved-hearing
http://www.forbes.com/sites/tjmccue/2017/09/14/3d-printing-moves-alignte
http://www.invisalign.co.uk/en/what-is-invisalign/Pages/Technology.aspx

© 2021 JETIR May 2021, Volume 8, Issue 5 www.jetir.org (ISSN-2349-5162)

scaffolds fabricated via selective laser sintering for bone tissue engineering. ActaBiomater.2010, 6 (12),
4495-4505.

[57].Shirazi, S. F. S.; Gharehkhani, S.; Mehrali, M.; Yarmand, H.; Metselaar, H. S. C.; Kadri, N. A.; Abu
Osman, N. A. A review on powder-based additive manufacturing for tissue engineering: selective laser
sintering and inkjet printing. Sci. Technol. Adv. Mater.2015, 16 (3), 033502.

[58].Gordobil, O., Egiiés, 1., Llano-Ponte, R., and Labidi, J. (2014). Physicochemical properties of PLA lignin
blends.Polym.Degrad. Stab. 108, 330-338. doi: 10.1016/j.polymdegradstab.2014.01.002

[60]. Wu, C.-S., and Liao, H.-T. (2017a). Fabrication, characterization, and application of polyester/wood flour
composites.J.Polym. Eng. 37, 689-698. doi: 10.1515/polyeng-2016-0284

[61].Rosenzweig, D. H.; Carelli, E.; Steffen, T.; Jarzem, P.; Haglund, L. -Printed ABS and PLA Scaffolds for
Cartilage and Nucleus Pulposus Tissue Regeneration.Int. J. Mol. Sci. 2015, 16 (7), 15118— 15135.

[62].Cai, H.; Azangwe, G.; Shepherd, D. E. T. Skin cell culture on an ear-shaped scaffold created by fused
deposition modelling. Bio-Med. Mater.Eng. 2005, 15 (5), 375-380.

[63].Buwalda, S. J.; Boere, K. W. M.; Dijkstra, P. J.; Feijen, J.; Vermonden, T.; Hennink, W. E. Hydrogels in a
historical perspective: From simple networks to smart materials. J. Controlled Release 2014, 190,
254-273.

[64].Guvendiren, M.; Burdick, J. A. Engineering synthetic hydrogel microenvironments to instruct stem cells.
Curr.Opin. Biotechnol. 2013, 24 (5), 841-846

[65].Seliktar, D. Designing Cell-Compatible Hydrogels for Biomedical Applications. Science 2012, 336 (6085),
1124—-1128luca A.; Colombo, P.; Gomes, C. M.; Gunster, J. Additive Manufacturing of Ceramics: Issues,
Potentialities, and Opportunities. J. Am. Ceram. Soc. 2015, 98 (7), 1983-2001

[66]. Yang, S. F.; Yang, H. Y.; Chi, X. P.; Evans, J. R. G.; Thompson, I.; Cook, R. J.; Robinson, P. Rapid prototyping of
ceramic lattices for hard tissue scaffolds. Mater. Eng. 2008, 29 (9), 1802—1809

[67]. Bellini, A.; Shor, L.; Guceri, S. I. New developments in fused deposition modeling of ceramics. Rapid Prototyping
Journal 2005, 11 (4), 2

JETIR2105666 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | f20


http://www.jetir.org/

