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ABSTRACT: 3D printing is an emerging technological advancement 

that could be applied in several medical fields, the educational arena, and 

preoperative planning. 3D printing technology, also known as additive 

manufacturing, is significant as it is cost-effective compared to traditional 

cadaveric models. The purpose of writing the current review on 3D 

printing techniques was to compile the recent literature with a special 

focus on the methods, principles, and fabrication mechanisms to generate 

3D printed models. The novel technology is reliable and appropriate for 

analyzing congenital heart diseases, but 3D printing has limitations and 

potential bias about subjectivity in the modernization of treatment for 

congestive heart diseases. 3D models can serve as a summary of 

diagnosis and a reliable tool for the choice of disease treatment. Albeit, 

high-resolution 3D printing methods are still in the initial stage of 

development with limitations, they demonstrate a huge potential to 

manufacture multi-functional materials. The present review briefly 

explains the applications, limitations, and regulatory challenges to be 

overcome in the fabrication of 3D printed models. 

INTRODUCTION: 3D printing technology, also 

known as additive manufacturing, is an advanced 

technology that produces three-dimensional 

structures by constructing successive layers of the 

material utilized by computerized software 
1
. 3D 

printed structure for the first time reported in the 

year 1982 by Hideo Kodama. Later, 3D printing 

technologies have undergone major development. 

Various multinational companies and even 

individuals with their printers may construct 

different types of 3D. Structures variable in quality 

and cost based on their intended application.  
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3D printing is an emerging technological 

advancement in several medical fields, like medical 

education and preoperative planning. 3D printing 

technology is significant as it is cost-effective 

compared to traditional cadaveric models.  

In addition, applications of additive manufacturing 

technologies in tissue engineering have been 

recently highlighted with promising results. They 

are evident by the vivid growth of sales reported by 

3D printer producers, who claim a rise of 17.4 % in 

worldwide revenues, in 2016, compared to the 

previous years. A significant amount of research is 

contributed, i.e., $ 6 billion in 2016 to $ 21 billion 

worldwide by 2021 
2, 3

. 

Methods of 3D Printing: 

 Stereolithography  

 Inkjet printing technology  
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 Selective laser sintering 

 Direct ink writing 

 Shape deposition modeling  

 Fused deposition modeling  

 Semisolid extrusion-based 3D printing 

 Sheet lamination method 

 Powder-based 3D printing technology  

 ZipDose
®
  technology  

 Digital light processing  

 Bioplotting  

 
FIG. 1: PERCENTAGE OF 3D PRINTING                                FIG. 2: STEREOLITHOGRAPHY  

USAGE IN VARIOUS FIELDS                                                            TECHNIQUE 

Stereolithography: It is one of the most common 

3D printing techniques. The process consists of a 

container with a photopolymerizable resinous 

liquid and UV laser retained by galvanometers 

controlled through a CAD program. The laser beam 

traces a particular design onto the resin producing a 

hardened layer. The sequence of steps is reiterated 

with new resin layers until the design is finished 
5
. 

Advantages 
6, 7

: 

 High speed, resolution, and cell viability 

 Cost-effective and no shear stress. 

Disadvantages:  

 High cost of laser unit used in 

stereolithography 

 Poor hollow-structure capabilities and cell 

toxicity due to UV rays 

 Requirement of the photocurable bio link  

Inkjet Printing Technology: In the inkjet 3D 

printing technique, 1-100 µL droplets of a cell-

laden bio-ink is dispensed in a defined way to 

create a design. Piezoelectric, thermal heating, or 

pressure wave technique dispenses the droplets. In 

the thermal heating method, an external thermal 

element is placed on the nozzle, attaining 

temperatures in the range of 100-300 °C to produce 

an internal vapor bubble that drives a droplet via 

the orifice.  

Advantages: Easily available, minimum cost, 

higher speed, and resolution 

Disadvantages: Decreased cell viability, not 

suitable for viscous bioink due to non-complex 

architecture
 5

. 

Selective Laser Sintering: The deposition material 

in the case of additive manufacturing is metal and 

SLS to form required 3D objects. Post-processing 

steps like sintering infiltration and finishing are 

desirable for carrying out device fabrication
 9

. 

Advantages: Fully automatic and greater 

resolution. 

Limitations: Powder precursor remains in small 

cavities Non-transparent. 

Shape Deposition Modeling: Shape deposition 

modeling is used to fabricate complex geometries 

with different types of materials, majorly for rapid 

prototyping applications. It is a cyclic process that 

consists of many steps such as deposition 
10, 11

. 
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            FIG. 3: INKJET PRINTING TECHNOLOGY          FIG. 4: SELECTIVE LASER SINTERING TECHNOLOGY 

  
   FIG. 5: SHAPE DEPOSITION                                            FIG. 6: FUSED DEPOSITION  

MODELING TECHNOLOGY                                                MODELING TECHNIQUE 

Applications: Biomimetic robotic mechanism and 

components. 

Limitations: Irregular bonding among the 

materials used and machines of plastic cause 
fatigue failure due to surface imperfections. 

Requires precise control
 12

.  

Fused Deposition Modeling In fused deposition 

modeling, the extrusion principle is utilized to print 

3D structures. 3D printers are used heat to extrude 

thermoplastic material. 

Polylactic acid or acrylonitrile butadiene styrene) in 

layers from a nozzle onto a base. Such deposited 

layers fuse and further harden into the final object
 

13
.  

Advantages: High accuracy, durability, and low 

material cost
 14

. 

Limitations: Enlargement of printed materials 

occur. The material requires processing into 

filaments. 

Uses: Used to produce commercial plastics. It 

allows the printing of cell suspension into scaffold 

support 
15

. 

Powder-Based 3D Printing Technology: 
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FIG. 7: POWDER-BASED 3D PRINTING 

TECHNOLOGY 

Powder-Based 3d Printing Technology 
16

 was 

developed by the Massachusetts Institute of 

Technology in 1980 
17

. It involves the spreading of 

thin layers of powder selectively held by adding 

drops of liquid binder through piezoelectric or 

inkjet printer head. In another alternative approach, 

the binder solutions are jetted onto layers of 

powder 
18

. 3D printing technology has been 

explored in wide areas such as pharmaceutical and 

tissue engineering applications between 1993 and 

2003 to its advantages in manufacturing oral 

dosage forms 
19

 and implants. 

Advantages: Greater resolution. It is capable of 

creating multifaceted formulation designs 

consisting of loose powders in inner regions 
20

. 

Disadvantages: Greater porosity, Poor mechanical 

strength.   

Semisolid Extrusion 3D Printing: It involves 

layer by layer accumulation of semisolid (initial 

materials) using a syringe-based tool head. 

Semisolids (gels or pastes) are prepared by 

blending appropriate ratios of polymers and 

solvents to obtain a proper viscosity for printing. It 

has broad applications and the accessibility of a 

benchtop platform to promote its creative use in 

faster prototyping of several objects 
21, 22

. 

FIG. 8: SEMISOLID EXTRUSION 3D PRINTING TECHNOLOGY 

Semisolid Extrusion 3D Printing Technology 
23

: 

Advantages: Minimal costs of the entry-level. 

Wide variety of raw materials availability and ease 

of customization. 

Disadvantages: Low precision level, Long 

construction time
 24

. 

Sheet Lamination Technology 
25

: It is the first 

laminated object manufacturing system shipped in 

1991. The technology was developed by Helisy’s 

of Torrance; the main parts include a feed 

mechanism, a heated roller for applying pressure to 

join the sheet with the layer below, and laser to cut 

the contour of the part in each sheet layer. 

Applications: Less number of detailed parts, Firm 

testing, quick tooling patterns. 
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FIG. 9: SHEET LAMINATION TECHNOLOGY 

Sheet Lamination Technology: 
Zipdose

®
 Technology 

26
: It is the first 3D 

pharmaceutical dosage form globally made with 

Aprecia’s proprietary method. ZipDose
®

 

technology is beneficial for designing the dosage 

forms with ease of administration by providing less 

potent medications in a rapidly disintegrating form. 

The technology surmounts swallowing difficulty 

and patient adherence challenges. The technology 

can hold high drug doses due to its unique digitally 

coded layering and zero-compression methods yet, 

still maintain faster disintegration with just a sip of 

water. It can help patients with high pill burden or 

swallowing difficulty administer medications 

easily. 

  

 
FIG. 10: ZIPDOSE

®
 TECHNOLOGY USING 3D PRINTING: HOW IT’S MADE 

Zipdose® Technology using 3D Printing: How 

it’s made: 

Digital Light Processing 
27

: The technology works 

with photopolymers and utilizes a more 

Conventional light source (arc lamp) along with a 

liquid crystal display panel, making it faster than 

stereolithography. It provides highly accurate 

components with excellent resolution. 
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FIG. 11: DIGITAL LIGHT PROCESSING TECHNOLOGY                    FIG. 12: BIO PLOTTER 

Digital Light Processing Technology: 

Advantages  

 Lesser operating costs 

 Requires a shallow vat of resin only 

 Less wastage 

Applications: 

 Prototype testing 

 Visual prototypes  

 Dental sectors which require high detailed 

finishing.  

Bio Plotting 
28

: 3D bio plotter enables rapid 

prototyping of biomaterials for computer-aided 

tissue engineering from 3D CAD models. It is also 

suitable for processing patient CT.  

Data to physical 3D scaffold with a well designed 

and defined outer form and an open inner structure. 

It can be used to extrude paste and gel materials 

with up to 100 layer micron resolution. 

Bio Plotter: 

Advantages: Use of several materials in single 

point, greater resolution for an extrusion system. 

Disadvantages: Less build volume, expensive and 

limited part geometry. 

APPLICATIONS:  

 Fabrication of comfortable, customized 

prosthetics for amputees in the field of 

biomedicine.  

 Applicability of technology for small–batch 

custom production.  

 3D printing technology has recently 

emerged as a novel technique in liver-

related surgical fields 
29, 30

. 

 Both 3D modelling and 3D printing 

technologies are reliable and appropriate for 

the analysis of congenital heart diseases. 

 The novel applications of 3D printing for 

user-specific and customizable hardware 

have advanced to open–source does it 

yourself “DIY” fabrication of assistive 

devices, encompassing a profound impact 

worldwide for consumers with little choice 
31, 32

. 

Limitations:  

 3D printing technologies (FDM, EXT) 

depend on nozzle mechanisms in order to 

construct sequenced layers during the 

fabrication of the printed object. This 

initiate the most important challenge of 

sustaining a consistent and reproducible 

flow during printing a single or multiple 

objects. 

 Binder migration, blocking of the nozzles 

printer head and, uneven powder feeding, 

scrapping are limitations in powder-based 

3D printing technology that must be 

addressed as it necessitates special 

laboratories to carry out printing 
33, 34

. 
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 Surface imperfections in the finished 

products may occur due to piles up of 

plastic beads or coarser powder on top of 

each other. 

 Further, post-operative treatment methods 

like drying rate and method can influence 

the appearance and characteristics of the 

final product, which are of significance in 

extrusion-based inkjet as well as powder-

based 3D printing. 

 The mechanical resistance of 3D printed 

tablets is based on its product technology. 

Extrusion and powder-based 3D printing 

generate weaker structures with higher 

friability values (3.55%) than conventional 

tablets 
35, 36

. 

Regulatory Challenge 

 Expensive  

 Change in the approach of designers to the 

use of 3D printing technology.  

 Post-operative treatment is needed due to 

incrementally placing one layer on top of 

finishing layers. 

 Challenges for the approval of 3D printed 

products are significant as nearly 85 3D 

printed implantables and medical devices 

have gained FDA clearance.  

 Standardization and development of new 

materials. 

 Despite regulatory obstacles related to 3D 

printing medicines, the FDA approved the 

first 3D printed pill, Spritam (Levetirace), 

in August 2015 
37, 38, 39

. 

CONCLUSION: 3D printing technology has 

advanced extensively since its introduction, with 

broad applications across various fields. Albeit, 

high-resolution 3D printing methods are still in the 

initial stage of development with limitations, they 

demonstrate a huge potential to manufacture multi-

functional materials 
40

. Significant research 

progress has been made at the interface between 

tissue engineering, biology, and materials science 

over the past decade in the fabrication of complex 

in-vitro models and in vivo therapeutics using 

novel designs of objects, equipment, methods and 

even working principles 
41

. HME, together with 3D 

printing technology, led to the development of cost-

effective, customized drug dosage forms for 

achieving personalized pharmacotherapy. On the 

other hand, challenges associated with the 

fabrication of dosage forms using FDM 3D printing 

technology in terms of regulatory aspects must be 

overcome 
42

. 3D printing has applications in 

various surgical conditions, such as preoperative 

planning and education. 3D printing is also being 

utilized for cosmetic surgeries 
43

. Since, limited 

research work has been reported so far, continuing 

efforts must be put forth to validate and assess 

clinical performance. Therefore, the translation of 

technology and design methods can be improved. 

The novel technology is reliable and appropriate 

for the analysis of congenital heart diseases, but 3D 

printing has its limitations & potential bias about 

subjectivity in the modernization of treatment for 

congestive heart diseases. 3D models can serve as a 

summary of diagnosis and a reliable tool for 

choosing disease treatment 
44

. 
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