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1. INTRODUCTION
The concept of AM was found few decades ago [1]. The 

applications of additively manufactured scaffolds and 
implants in the field of dentistry and orthopedics are 
limited to a few types of polymeric, ceramic and metallic 
biomaterials [2,3]. In this review, it is discussed about 
various process used to manufacture scaffolds and 
implants by the processes of additive manufacturing 
technology such as Vat Polymerization, powder bed 
fusion, binder jetting (3D Printing), material jetting, sheet 
lamination and direct energy deposition. The market of 3D 
Printing (3DP) is rapidly growing in the field of health 
sciences. Numerous business investigators, consultancy 
organizations and financial institutions have found the 3D 
printing industry and market is growing rapidly [4]. It is 
predicted that the worldwide market for 3D Printing to 
reach USD 2.86 billion by the year 2025 [5]. In the current 
decade in India the applications of AM are raising. Many 
multinational companies highly investing in India to start 
AM technology for the medical industry.  

The human bone is made of calcium phosphate mineral 
which acts as a hard layer and collagen acts as a soft layer 
[6].It is a hierarchically structured material in nature [7,8]. 
Synthesizing hierarchically structured materials by 
conventional methods are highly difficult [9]. AM 
techniques eliminate this difficulty in synthesizing. Many 
biomaterials are available in the market for practical 
applications in dentistry and orthopedics 
[10,11].However, the life span, reliability, bio-compatible 
and mechanical properties of the implant material is not 
up to the expectation [12,13]. Number of researches are 
being carried out to find the out the most reliable, high 
strength and long-lasting material [14]. AM technique is 

nowadays used in orthopaedic and dentistry for 
manufacturing hierarchically structured materials which 
are similar to naturalbone and dental structure [15,16]. 
From nano to micro to macro materials can be used 
together to form a hierarchically structured material as 
bio-nanocomposite implants in AM techniques [17-19]. 
Patient specific implant materials can be made by using 
digital imaging and communications in medicine (DICOM) 
like Computed Tomography (CT) scan and Magnetic 
Resonance Imaging (MRI) scan data [20]. Then the 
scanned data can be converted to 3D model using 
software’s. The 3D model file can be computer aided 
design (CAD) file or a stereolithography STL file. The CAD 
or STL file is then corrected with topological and surface 
smoothness to make is easier for manufacturing it in the 
3D Printer [21].The method of using 3D Printing 
technology differs from material to material with respect 
to areas of specific applications. 

Additive manufacturing also gives us a way to print 
customized polypills with multiple combinations of 
medicine for diabetic and hypertensive patients. Polypill 
that contains a different set of medicine combinations in a 
single pill to treat a patient having diabetic and 
hypertensive patients. In Medicine practice, rehearsal of 
the surgery can be done by using additive manufacturing 
by 3D printing the model of a patient’s surgical site. Using 
3D printed models, it is possible to plan for a surgery. This 
will reduce the time of operation; can save blood loss and 
also patient can recover faster due to less sutures. Each 
and every patient to patient the size of prosthetic will 
vary. Patient specific implants can be made easily by 
additive manufacturing [22]. There is no need of 
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preparing the bone (cutting, removing and grinding the 
bone) to fit the implant during surgery. By the use of 3D 
printer there is a possibility to print patient specific 
implants with accurate dimensions fitting. Localized 
production made easy. Implants can be made in house at 
the hospitals. It is convenient to produce the patient 
specific implants [23]. The MRI scan and CT scan data can 
be converted into a 3D model using the available 
software’s like Materialize mimics, Osirix (Mac only), 
Invesalius, 3D slicer, Seg3D, ImageVis 3D and 3D Doctor. 
Any part of a human system can be converted into a 3D 
model [24, 25]. 

The limitations in conventional manufacturing methods 
of implants for biomedical applications are difficulty in 
synthesizing complex structures, creating a single object 
with multi materials, controlling the mechanical 
properties and maintaining the sterile property of medical 
implants gives a search of new technology. Thus, advanced 
technique in manufacturing like AM technology (3D 
Printing) is adopted [26].  However, the complex shaped 
nanocomposite producing through 3D Printing requires 
more time, post processing techniques, high production 
cost and gives a product with certain poor mechanical 
properties [27]. Therefore, it is necessity to bring 
advancement in this AM technology to address these 
issues. Many types of additive manufacturing techniques 
are adopted, namely fused deposition modelling (FDM), 
stereolithography (SLA) and Inkjet 3D printing. Current 
advanced techniques like Electron Beam Melting (EBM) 
Direct Metal Laser Sintering (DMLS), Selective Laser 
Melting (SLM) and Selective Laser Sintering (SLS) were 
used in medical applications [28,29]. 

2. ADDITIVE MANUFACTURING  TECHNIQUES 
USED IN MEDICAL APPLICATIONS 

2.1 Fused Deposition Modeling 
 The technology Fused deposition modelling is 

otherwise termed as Fused filament fabrication was 
invented by Scott Crump in the year 1980 [30].The most 
common method used in 3D Printing is fused deposition 
modeling. Fused deposition modeling is non-subtractive 
manufacturing process. This process uses a biocompatible 
and biodegradable polymer filament by first fusing it into 
the semisolid state and then printing a 3D object in a layer 
by layer process. The schematic view of the process 
isshown in Figure 1. The widely used materials in fusion 
deposition modeling (FDM)are acrylonitrile butadiene 
styrene (ABS), polylactic acid (PLA), polycaprolactone 
(PCL), polyethylene (PET), polymethyl methacrylate 
(PMMA), thermoplastic urethane (TPU), Nylon, 
thermoplastic elastomers (TPE), polyvinyl alcohol (PVA), 
high density polyethylene (HDPE) and high impact 
polystyrene (HIPS) [31].  Carbon filled with ABS/ PLA/ 
TPU/ TPE/ HDPE/HIPS filaments is also being researched 
nowadays to get a higher tensile/ compressive strength in 
dental and orthopedic prosthetics. 

The filaments being used in fused deposition modeling 
(3D Printing) can be made as nanocomposite materials. 
The preparation of nanocomposite filaments is 
complicated as it requires an additional device named 
filament extruder machine [32]. The process needs 

engineering optimization to get a filament with an 
accuracy of 1.75 mm diameter which can be used as 
filament in 3D Printers [33]. However, getting the desired 
diameter is a complicated process which includes 
optimization of many parameters such as melting 
temperature of the nanocomposite mixture, speed of the 
conveyor screw, ratios of nanocomposite ingredients and 
nozzle diameter of the extruder [34].  

Fused deposition modeling process itself needs an 
optimization of printing speed, nozzle temperature, hot 
bed temperature, layer thickness and the nozzle size to be 
used. Printing a nanocomposite filament using 3D Printer 
(FDM) is a very tough and complicated work [35]. The 3D 
printed objects need post processing such as grinding, 
polishing and finishing. Producing a hierarchically 
structured nanocomposite using FDM is a complicated 
process and its need more attention to avoid damage of 
FDM machine because during its operation the 
temperature setting may range from 70°C to 220°C with 
respect to the type of constituent materials in the 
filament[36]. Hierarchical nanocomposite implants are 
best suited to the human system as it resembles the same 
structure. Nanocomposite material for implants in dental 
and orthopedics can be obtained by printing a single 
polymer and then processing the printed material with 
some other process such as electro spinning and electro 
spraying [37]. These combinational approaches are 
required if single polymer filament is used in FDM. 
Electrospinning/electrospraying is a strategy which 
involves the fluid atomization by electrical force to make 
them into a continuous nano fiber/ droplets respectively. 
Nano fibers/ droplet size can be altered by electrical 
charge and flow rate. These approaches also require 
process optimization. 

2.2 Direct Ink Writing 
Robocasting or Direct ink writing is developed by 

Sandia National Laboratories in 1996. Direct ink writing 
involves printing of ink or hydro-gel into a 3D motif with 
the aspect size ranging from 100 nm to 1mm [38].  The 3D 
scaffold model will be converted into a layer-by-layer 
object using computer aided software’s [39].A line 
diagram shows the direct ink writing method in Figure 
2.The working set up consist of solid platform on which 
the ink will be printed, cylindrical nozzle using which the 
ink pass through for getting printed, and an optical 
microscope which is used for monitoring the printing 
process. The diameter of the nozzle affects the air 
pressure and speed of printing [40]. The hydro-gels used 
in this technique can be a pure hydro-gel or nanoparticle 
filled hydro-gel or organic hydro-gels. The pure hydro-
gels, however have certain drawbacks of poor mechanical 
stability and can be easily degraded. The hydro-gels used 
in this technique should mainly possess controlled 
property of viscosity and elasticity [41].  In case of 
nanoparticle filled hydro-gels there should be 70-85 % of 
solid filling in order to avoid spreading of the ink during 
extrusion. In order to overcome the demerits of pure 
hydrogels important advances has been done by using 
various hydro-gel composites which are seen to possess 
desired mechanical property [42]. 
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Figure 1. Fusion Deposition Modeling 

 
 
 
 
 
 
 
 
 
 
 

Figure 2. Direct Ink Writing 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 3. Inkjet Printing 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig. 4 Stereolithography 
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Fig. 5. Selective Laser Sintering 
2.3 Inkjet Printing 

Inkjet printing was first invented by Lord Kelvin 
(William Thompson) in the year 1867; it was further 
developed by a company Siemens for advanced 
applications in the medical industry.  Inkjet printing 
process of AM is characterized by a sudden pressure in the 
nozzle which results in the formation of droplets and the 
drops get positioned on the substrate in a jet like manner. 
The ink formulations generally consist of nanomaterials 
dispersed in either a single solvent or mixture of solvents 
[43]. Working methodology shown in Figure 3. Nano 
ceramic powders can be used in inkjet printing by adding 
with distilled water. Proper printing of the ink is based on 
its stability, surface tension, shear thinning and drying 
property.  The range of layer thickness of the objects 
obtained through inkjet printing fall between 100 nm and 
few µm [44].   Design of flexibly thin and transparent 
substrate can be obtained using inkjet printing. 

Based on the process of droplet formation there are two 
distinguished types of inkjet printer. In one case the 
electric voltage is applied to create heat that makes the 
solvent to boil which then results in the formation of 
pressure. This type is called a thermal inkjet printer. The 
other one is a piezoelectric inkjet printer. In this type the 
piezo element in the nozzle wall will undergo shape 
change induced by pressure caused by electric voltage. In 
both the types the ejection speed of the printing is based 
on the intensity and the time duration of voltage pulses 
[45].  

Nowadays, inkjet printing has been applied in the 
synthesis of biomaterials, 3D cell structures for tissue 
engineering and functional ceramics due to its low-cost 
processing, flexibility and easy to use properties. The main 
disadvantage of inkjet printing is that, it can’t be used in 
the mass industrial process due to its slow process speed 
and non-compatible in the large substrate productions. 
The currently available mechanism used in Inkjet printing 
is continuous inkjet printing (CIJ), drop-on-demand 
(DOD), and electrostatic inkjet printing (EIJ). In CIJ there is 
possibility of ink wastage and there is a need of 
recirculation. Most of the published work uses the DOD 
technology as it has less wastage in inks and easy to  

fabricate ceramic coated layers. EIJ requires inks, which 
are conductive materials. Since there is a limitation in EIJ, 
CIJ and DOD are the most used technology over 40 years 
[46]. 

2.4 Stereolithography 
The term Stereolithography (SLA) was coined by 

Charles W. Hull in the year 1986 [47]. In short 
Stereolithography is called as SLA which involves 
synthesis of 3D objects through a step-wise manner using 
a fluid medium and involves a particular simulation which 
results in consecutive structural modification. Line 
diagram of this process is shown in figure 4. Like other AM 
techniques, SLA uses computer-aided design for the 
synthesis of implants. The implant structures are 
synthesized in a layer-by-layer process with the thickness 
ranging between 25 µm to 100 µm. The precision of the 
synthesis is monitored by computer-controlled process. 
The stereolithography method of the AM have some 
parameter optimization needs to be carried out to get a 
solid object without any faults. The solidification of the 
composite resin occurs by spatially controlled 
polymerization using digital light source [48]. 

SLA plays a major role in tissue engineering, especially 
in bone repairs due to its greater structural resolution 
property. Design and shape of the bioimplants can be 
better achieved. There could be an advantage in case of 
high control over the micro and macro structures, pore 
size and percentage of porosity. Since SLA uses clinically 
scanned data, it is very much useful in the synthesis of 
patient specific implants or replica of human body parts, 
drill guides, moulds for implants and scaffold for tissue 
engineering. Thus, it plays a major role in oral and Cranio-
Maxillofacial surgeries [49]. 

2.5 Selective Laser Sintering  
 This process was first fabricated and patented by Carl 
Deckard in 1989 [50]. Selective laser sintering is the 
process of direct formation of compact mass or solid 
structure from mostly a powdered material using a laser 
as a heat source. Like other AM techniques, SLS also make 
use computer aided design (CAD) model for producing a 
multiplex structure within no time. First the model file is 
examined and fragmented into cross sections with 
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thickness of <0.25 mm. The fine powder with which the 
compact mass going to be built is first spread on the 
moveable platform by a feed- and roller- apparatus.  Now 
the laser is used to sinter the powder into a compact mass. 
The thickness of the layers of this solid mass will be the 
same as that of cross sections of the model. Then this solid 
mass is covered by a new film by powder material to 
repeat the same process till complete shape of the model 
is fabricated [51]. Schematic view of the process is shown 
figure 5. 

The important advantage of SLS is that layer porosity 
percentage, interconnectivity of pores, size and shape can 
be controlled by altering the size of the powder particles, 
layer thickness, scan speed and spot diameter of the laser 
beam. Thereby we can control the architecture of 
fabricated objects. Only industrial scale SLS are available 
in the market, so lead time is longer than other 3D 

printing techniques like FDM and SLA. Post processing is 
required for porous and grainy structures. After the 
sintering process may result in wraps surface, hence large 
flat surface cannot be produced using SLS [52]. 

3. MANUFACTURING OF POLYMER 
NANOCOMPOSITES : CONVENTIONAL AND 
ADDITIVE MANUFACTURING 

Pre-processing or post processing is required to 
manufacture polymer nanocomposites using 3D Printing 
(AM) techniques like FDM, SLA. A filament extruder 
(single screw or twin-screw type) is required to mix the 
nanocomposite materials to form a filament to be used in 
FDM. Ultrasonication is required for SLA processing. 
Ultrasonication is used to mix the multiple materials 
thoroughly to form a homogenous mixture of liquid. This 
liquid can be used in SLA [53]. 

 
Table 1. Physical/Mechanical and biological properties of Polymer Nanocomposite 

 

Sl. 
No 

Polymer  
Nanocomposite 

 
Method 

Mechanical Properties 
Biological 
Properties 

Reference Youngs 
Modulus 

(MPa) 

Compressive 
Strength 

(MPa) 

Flexural 
Strength 

(MPa) 

1 
Calcium Phosphate-

Poly L  
Lactic Acid (PLLA) 

FDM 13.2 ± 0.3 1.12 ± 0.05 - 
Osteoconductivity 

and 
Osteoinductivity 

[57] 

2 

Propylene fumarate 
dimethacrylate 

(PFDMA) infill+PLA 
shell 

SLA 100 10 - 
Biocompatibility 

and 
Osteoconductivity 

[58] 

3 PLA-graphene FDM 146 - - - [59] 

4 PLA/gelatin-forsterite FDM 170±13.9 - - 
Bioactivity 

(Biocompatibility) 
[60] 

5 

Poly (lactic acid) 
/hydroxyapatite + 

glycidyl 
methacrylate + dicumyl 

peroxide 

FDM - - 86 
Biocompatibility 

and 
Biodegration 

[61] 

6 
Ti+bisphenol F (BPF) 

epoxy resin 
- 16.6±1.5 

  
Osteointegration [62] 

7 
Polycaprolactone 
/Hydroxyapatite 

- 241.6 ± 12 19 ± 0.4 
 

Biocompatibility [63] 

8 

Poly(ε-caprolactone)/ 
Hydroxyapatite/  
Poly Propylene 

Fumarate 
(PCL/Hap/PPF) 

FDM 33.74±1.08 - - 
Degradation and 
Biocompatibility 

[64] 

9 

Polyetheretherketone 
(PEEK) + 

hydroxyapatite 
 (HAP)+ Graphene 

oxide (GO) 

- - 65.41 - 
Biocompatibility 

and 
Osteointegration 

[65] 

10 
Calcium sulfate-based 

hydroxyapatite + ε-
polycarbonate 

FDM 
 

87.96 ± 6.05 
 

Biocompatibility 
and 

Biocompatibility 
[66] 

11 
PCL-PEG-PCL 

copolymer 
- 349 - - Biocompatibility [67] 

12 PCL/HAp - 350 - - Biocompatibility [68] 
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In FDM the parameters need to be studied and 
optimized to get a proper printed material. Optimization 
avoids nozzle clogging, an agglomeration of a particle at 
the same place, irregular object shape. In SLA process 
parameters like base exposure time, base exposure time, 
resolution and operating temperature. The materials used 
in SLA are limited to polymer resins, nanoceramics can be 
used with the polymer resins to produce bio-
nanocomposite implants. Conventional manufacturing 
methods also used to produce bio-nanocomposite for 
implantation. Some of the conventional manufacturing 
methods are (i) Intercalation method, (ii) In situ 
Polymerization, (iii) Sol Gel method and (iv) Direct mixing 
of polymer and Nanofillers [54]. 

 The intercalation process generally dissolving of 
nanoplatelets of nanomaterials into the polymer matrix. 
The dispersion of nanomaterials into polymer matrix will 
enhance the mechanical properties like stiffness, surface 
hardness, strength, etc. Melt interaction is a common 
technique used to make polymer composite. The polymer 
will be molted till its reach’s critical temperature in a hot 
plate stirrer then the nanofiller is added to the molten 
polymer. Then the molten liquid is allowed to cool at 
normal air temperature to get the polymer matrix 
nanocomposite. 

 In situ polymerization, the nanomaterials are 
synthesized in the presence of polymer networks. Both 
polymer matrix and nanomaterial are dissolved in 
aqueous solution and gel is generally refluxed at a high 
temperature. Decomposition of polymer is a main 
drawback when processing at higher temperature. 
In Sol-Gel method colloidal suspension were formed by 
the breakup of solid nanomaterials (sol) in monomer 
solution. Due to polymerization processes monomers 
were combined to form a continuous network of polymer 
(Gel). Nanomaterials is interconnects with the network of 
polymers and thus forms polymer nanocomposites. 
Direct Mixing of polymers and Nanofillers, this process 
involves dissolving of polymers and nanomaterials using 
solvents. Both the polymer and nanomaterial are 
dissolved in the same liquid. The liquid is then heated to a 
certain temperature to make it as solid polymer 
nanocomposite [55]. 

4. MECHANICAL PROPERTIES OF CORTICAL AND 
CANCELLOUS BONE 

The mechanical properties of the implantable 
biomaterial play a major role in bringing the long-term life 
of the implant. Implant material bears the load after 
implantation. Anticorrosive property of the material gives 
high reliability to the patient safety because the implant 
material should not produce toxic wore powders after 

implantation. Focusing on the mechanical property is an 
important criterion in biomaterial research. When 
comparing the cortical and cancellous bones in the human 
system to the commercially available bone implant 
materials, mechanical properties of the implants are not 
meeting the desired standards.  So, finding a new 
biomaterial or developing a novel bio-nanocomposite is 
obligatory in the future research. Selected mechanical 
properties of human bone and processed bio-
nanocomposites were briefed in the Table 1 and 2 
respectively. 
5. COMMERCIALLY AVAILABLE 3D PRINTED BIO 

NANOCOMPOSITES 
 There are so many companies selling bio-

nanocomposite implants for the medical applications. 
Some of the well-known companies with their product 
details are listed in Table 3. 

6. THE FUTURE OF 3D PRINTING IN THE 
MEDICAL FIELD 

 Additive Manufacturing is utilized in bioprinting. 
Bioprinting is a process of printing living tissues layer-by-
layer using 3D Printers which is controlled by computer 
program system for creating 3D tissue. The living tissues 
such as heart valves, ears, bone fillings, were printed with 
a possible successive rate.  At present, so many researches 
were being conducted at the advanced level to create 
artificially bio-printed living organs such as kidney, liver, 
pancreas and so on [69]. It is projected that additive 
manufacturing will cut the cost of surgery by pre planning 
the surgical site using additively manufactured models 
and producing implants with low manufacturing cost. On-
site cell printing research is now being carried out to 
develop skin implantation and bone tissue engineering. 3D 
Printing in spine surgery is very limited and it is 
developing gradually.  

Many researchers have been started all over the world 
to manufacture 3D printed medical devices, surgical 
models, implants, surgical guides, etc. With the application 
of 3D bioprinting it is possible to mimic a biological 
system and make as implant and thus it helps in printing 
organs externally. 3D bioprinting plays a game changer in 
cardiac medicine. Now it is possible to print heart valves 
which can implanted using surgery. 3D Printing of organs 
and tissue cells ensures the patient stability after surgery 
helps in boosting the acceptance ratio with patient body 
and also reduces the cost of treating the associated 
diseases [70]. It is not sure all the time patients will be 
available to educate medical students there is a need of 
models to study the anatomy of humans here the 
3DPrinting is used.  

 
Table 2 Mechanical properties of Human Bone [56]. 

 
 
 
 
 
 
 
 

Sl. 
No 

Property 
Cortical 

bone 
Cancellous 

bone 

1 Compressive strength/MPa 100 - 230 2 - 12 

2 Flexural, tensile strength/MPa 50 - 150 10 - 20 

3 Young’s modulus/GPa 7 - 30 0.5 - 0.05 
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Table 3 List of 3D Printed biomedical products available in the market. 
 

Sl. 
No. 

Name of Company Product Name Material Applications 

1 
Johnson and Johnson 

(DePuy Synthes) 
TRUMATCH® 3D Printed Titanium 

Craniomaxillofacial 
implants 

2 
Johnson and Johnson 

(DePuy Synthes) 
ACTIS® 

Hydroxyapatite (HA) 
coated on stainless steel 

Total Hip Replacements 

3 
Johnson and Johnson 

(DuPuy Synthes) 
CORAIL® 

HA coated cementless 
implant 

Total Hip revision 
Surgery 

4 Zimmer Biomet   Dental Implants 

5 Stryker Anato 
Hydroxyapatite coated 

stainless steel 
Femoral hip 

replacements 

6 Stryker 
ReUnion RFX 

 
Polyethylene titanium 3D 

implants 
Femoral hip 

replacements 

7 Osteomed OsteoVation Calcium Phosphate Bone filling applications 

8 Osteomed 
DBM Cancellous 

Sponges 
Porous Sponge biomaterial 

trabeculae bone filling 
equipment used with 

filling agents 

9 Medtronic Tribal Tray® 
Cobalt chromium 

molybdenum, biopolymer 
Total knee arthroplasty 

10 Medtronic TiONIC(TM) Titanium 3D implants Spine Surgery Implants 

 
 The market predicted in India is to rise for 3DPrinting 
with the applications in medicine, aeronautics, research 
and development groups, manufacturing sectors, also in 
defense, etc. Future advances in implementing 3DPrinting 
technology in medical on-site for the recovery of damaged 
cells, tissues such as muscles, arteries, and nerves etc., 
Spine replacement surgery made easy with the application 
of 3D printing [71]. High accuracy, cost effectiveness, less 
operative time which gives speedy recovery are the most 
important things that 3D Printing gives to medicine field 
[72]. 

 
7. CHALLENGES IN ADDITIVE MANUFACTURING 

In future medical experts and AM researchers have to 
work together to commercialize the additively 
manufactured implants. In trauma care there is need of 
urgency to make patient specific implants to be implanted 
[73].Multidisciplinary research is required in this additive 
manufacturing of bio-nanocomposite for biomedical 
applications. AM processes is slow, when it is used in 
trauma care the AM cannot be a successful player when 
there is urgency raised. AM processes should be speeded 
up in the future to avoid these complications. There is a 
possibility of copyright infringements due to 3D Printing 
processes anyone can make a duplicate of a product 
without getting proper copyright [74]. The food and drug 
administration (FDA - USA) have given some technical 
considerations for additively manufactured medical 
devices in the year 2017 [75]. So far, the FDA has 
approved very few implants for the use in medical 
applications. 3D Printing can be a threat to manufacturing 
jobs, it can reduce the process for manufacturing complex 
structures thus many people may lose their jobs. 3D 

Printing processes require skilled operators and it should 
be operated with precautions. The material used in 3D 
Printing should be biodegradable and recyclable, 
otherwise it may lead to the formation of huge waste and 
will pollute the environment. 
 
8. CONCLUSION 
 In this review, recent trends on the various processing 
methods of polymeric, ceramic and metallic bio-
nanocomposite using AM and conventional methods were 
briefed. Every method in AM has its own limitation with 
respect to their process parameters. Polymer bio-
nanocomposites processing techniques is having few 
limitations when compared to other bio-nanocomposites. 
However, the physical and mechanical properties of 
polymer bio-nanocomposites does not compete with other 
bio-nanocomposites. Number of researches on metallic 
and ceramic bio-nanocomposites are very limited due to 
their expensive processing techniques. Further 
investigations need to be done to synthesis desired 
polymer nanocomposite in a cost-effective way. 
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