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Three-Dimensional Printing-
A Revolutionary Technology
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Three-dimensional printing has been hailed as a path-breaking technology which will change manufacturing. It is used in aerospace,
defence, art and design, 3D printing is becoming a subject of interest in medical and dental fields. With CBCT and long history
of CAD CAM in dentistry, 3D printing will pave a new path in diagnosis and management of various dental disorders. 3D printing,
also known as rapid prototyping and additive manufacturing, was first introduced in late 1980s and early 1990s. The application of
this technology involves 3D tissue/organ development, creating and developing field of tissue engineering and a variety of actual
clinical applications. This paper highlights various 3D printing modalities and materials and its applications in dentistry.
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INTRODUCTION

Advanced medical imaging modalities provide improved patient
specific information which is pivotal in both diagnosis and
treatment [1]. Further advancement of technology has made it
possible to print/fabricate 3D models from the digital data. A
3D Printing (3DP), which originated in the late 1980s, is now
being adopted in nearly every industry to create anything from
customised eye wear to organs. Additive manufacturing is defined
by “American Society for Testing Materials” internationally as “a
process of joining materials to make objects from 3D model data,
usually layer upon layer, as opposed to subtractive manufacturing
methodologies” [2] Applications of 3D printing in medical and
dental fields are vast [3]. Dentistry has a long association with
CAD-CAM which involves subtractive manufacturing. Additive
manufacturing overcomes the drawbacks of CAD. [4]. This paper
reviews the 3D printing technology, its application in medical and
dental fields and also briefly describes the revolution it can bring
in other fields as well.

Origin and Progress of 3D Printing

The term “3D Printing” is relatively new but the technology is not
all that new. In 1999, a patient with cleft palate was treated with
the help of 3DP by Dawood A et al., [4]. The term “3D printing”
was coined in 1995 by Ely Sachs at Massachusetts Institute of
Technology, who authored a project of modifying an inkjet printer
in such a way that a binding solution was extruded onto a bed of
powder, like ink onto paper in inkjet printers. Charles Hull pioneered
the modern idea of 3DP when he first described a vat polymerisation
method, he founded the 3D systems corporation and a year later,
released the SLA-1 in 1984 [5]. Medical professionals adopted 3D
printing in the 1990s to produce engineered organs. The 2010s saw
the emergence of various objects from cars to foods. Medical field
advanced further by printing organs, tissues, prosthetic jaws and
low-cost prosthesis [6].

Three-Dimensional Printing Process
The 3DP process has the following steps [4]:

1. Acquisition of 3D patient model, either physical model or digital
model

2. Creating design STL file
3D Printing
4. Post processing

Acquisition of 3D Patient Model

Three dimensional models to be printed are made either with
a Computer-Aided Design (CAD) package, via a 3D scanner,
plain digital camera, photogrammetry software and x-ray or
tomography images of medicine and dentistry [3]. Image sections
are reconstructed with isotropic voxels of 1.25 mm or less. Model
accuracy is due to thick section whereas extensive segmentation,
STL refinement is required for very thin sections (<0.25 mm) [7].

Creating Design STL File

Three dimensional printers don’t support DICOM images which is
standard image format for easy integration with server, scanners
and printers, instead 3D printers accept file of an object with surface
in a space. File format for these surfaces is Standard Tessellation
Language (STL) and it is just a collection of triangles fit together in
a puzzle forming object, necessary adjustment can be made in this
file format and can be transferred to a 3D printer [7].

Three-Dimensional Printing

Today, there are at least 18 methods of 3DP and printing materials
are also highly diversified [3]. Hence, selecting an appropriate 3D
printer can be challenging. Since this technology is very helpful in
medical and dental fields, its requirements should fall under the
parameter for its use such as:

e  Cost effective

e Fasytoinstall

e Colour capability

e Time required to print

e  Biocompatibility

e Acceptance of large number of materials
e Should provide intended service

e |ess technique sensitive

e Accept sterilisation

These factors should be kept in mind while choosing the printer and
the importance to a specific work benefit should be given which will
utilise the printer at its maximum capacitance [7].

Post Processing

An important step after an object has been printed, using most
methods is post processing. Due to the layering involved in the
processing, the printouts have rough surfaces [3]. Post processing
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of the printed model includes curing, polishing, cleaning and
sterilisation, depending on the clinical usages [7].

Three-Dimensional Printing Systems

The 3DP technology used in medicine can be classified by technique,
the material or the aimed deposition process used. There are seven
technologies that are used for 3DP of which the first five is most
commonly used in medicine. They include vat photopolymerisation,
material jetting, binder jetting, material extrusion, powder bed fusion,
sheet lamination and directed energy deposition [7,8]. The materials
used for 3DP, to simulate various tissues, can also be classified as
rigid, semi rigid, flexible and composite material [9].

. VAT PHOTOPOLYMERISATION

This technology has three basic components: a high-intensity light
source, a vat of photo-cured liquid resin, and a controlling system.
Successive 2D layers are sequentially cured by exposing the liquid
to a light source, such as laser that illuminates only the cross-section
of the model. The resin solidifies on exposure and by successively
lowering or raising the platform, each layer thickness is solidified
until the final layer is complete, after which excess is removed
and the model undergoes final curing in a UV chamber [5,7]. Vat
photopolymerisation is frequently used, particularly for bone. Build
platforms are wide ranging from sizes 12.5x12.5x12.5 cm to
210x70x80 cm [Table/Fig-1]. Dental models, dental implant guides
and hearing aids are fabricated using smaller desktop devices [7].
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[Table/Fig-1]: Schematic diagram of vat photo polymerisation technology.

Many of the lithography-based approaches such as multiphoton
polymerisation (2PP), Digital Light Processing (DLP), Stereo
Lithography (SLA), poly jet and CLIP can be grouped into this
category [1,10].

1. Stereolithography

Stereolithography is first type of 3D printer used and was developed
in 1980’s and also first to be patented during that time. Laser beam
was used to polymerise the photo polymer resin in two-dimension
object just like our normal ink printers [11]. The basic principle is
that a photosensitive monomer resin forms a polymer and it gets
solidified when exposed to the light such as He-Cd laser beam [12].
This system consists of a bath, vat or container of photosensitive
liquid resin, a model-building platform and an Ultraviolet (UV) laser,
focussed by using computer-controlled mirror, for curing the resin
[1,13]. After the layer is cured, subsequently another layer is added
until the full model is complete [2,9,13,14].

The self-adhesive property of the materials causes the layer to
bond to each other and eventually form a complete, en bloc 3D
object. The unpolymerised liquid resin is removed by draining [11].
The model is then removed from the bath and cured for a further
period in a UV cabinet to enhance the mechanical properties of
the 3D objects [1,11,13-16]. The materials used for this technique
must have photo curable moieties for photo cross linking which
include acrylics and epoxides [Table/Fig-2]. Photo cross linkable
Propylene Fumarate (PPF) is commonly used in SLA to fabricate 3D
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scaffolds. Newer materials such as Polycaprolactone (PCL), Poly

Lactic Acid (PLA), Diethyl Fumarate (DEF) and Poly (trim ethylene
carbonate) are being studied for tissue engineering applications

[10,11,12,17].
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[Table/Fig-2]: Schematic diagram of stereolithography.

The advantages are that complex 3D objects can be fabricated with
high accuracy, good surface finish, high mechanical strength and
spatial resolution [10,12,17]. The disadvantages include scarcity of
biocompatible resin, expensive equipment and materials, slower
process, difficulty in removal of support structures, can be used
only for polymers and post curing required.

2. Digital Light Processing

DLP is similar to SLA, both techniques utilise light to selectively
cross-link photo resin in a layer by layer fashion to build free-
standing objects [Table/Fig-3] [10,17]. The difference between DLP
and SLA is that DLP uses a projector to cure an entire layer at a time.
While DLP can be compared to stamping, SLA can be compared
to drawing an object [13]. Digital Micro Mirror Device (DMD) is the
heart of DLP projector and contains numerous tiny mirrors that
have one off movement along two directions, thousands of times
per second [13]. The utilised light sources have rapidly evolved from
classical lamps to modern Light-Emitting Diodes (LED) covering a
wavelength range from deep UV to visible light [10]. The materials
that can be processed with DLP are non-filled photopolymers and
slurries containing ceramic or metal particles.

[Table/Fig-3]: Schematic diagram of digital light processing.

The advantages are best finish quality, good accuracy and mechanical
strength and relatively fast process. The disadvantages of DLP are
expensive materials and printing system, limited shelf and vat life and
heat sterilisation needs to be done [2,13].

3. Photopolymer Jetting

The principle of polyjet is the same as the standard ink jet office
printer, but in three dimensions [14]. It is performed by jetting
state-of-the-art photopolymer through hundreds of nozzles on
to the build platform. After spreading the droplets, the resin is
cured using an ultraviolet lamp [1,9,14,18]. The building platform
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lowers and the process is repeated. A gel like support material
is used/printed that surrounds the droplets, and can be easily
removed manually or by stream of water [Table/Fig-4] [1,8]. Fully
cured models can be handled and used immediately without any
post-curing and post-processing procedures. Multiple types of
materials can be jetted simultaneously and cured, thus fabrication
of complex multi-materials objects is possible [19]. Layers as
thin as 16 ym can be fabricated. Resins, waxes and silicon like
rubber materials are used. The advantages include shorter and
simpler post processing and mixing of different types of materials
is possible. Wastage of materials and expensive technique are the
disadvantages of the technique.

e

[Table/Fig-4]: Schematic diagram of polyjet technology.

4. Continuous Liquid Interface Production (CLIP)

CLIP is a variety of vat photo polymerisation which uses an oxygen
permeable film to inhibit polymerisation at the surface close to the
UV source; it stops the formation of polymers in the liquid resin
immediately above the window and prevents solidification in that
region [Table/Fig-5] [10,19].
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[Table/Fig-5]: Schematic diagram of continous liquid interface production.

CLIP has been commercialised by the company Carbon 3D and has
many advantages over other forms of SLA. The major advantages
of CLIP are that it is faster than the traditional DLP [10].

5. Multiphoton/Two Photon Polymerisation (MPP/TPP)
Two photon polymerisation is also known as two photon absorbed
photopolymerisation and two photon induced polymerisation, two
photon lithography, two photon laser scanning lithography, or just
direct laser writing. It is totally based upon the principle of different
number of photons being used to start chemical reaction between
molecules of monomer in a matrix [10,20].

Most currently used MPP systems are based on pulsed Ti: Sapphire
fem to second lasers with pulse durations between 50-150fs
[10,20]. The Charged Coupled Device (CCD) camera enables real
time monitoring of the polymerisation process [Table/Fig-6] [20].

[t has many applications in nanotechnology field where fabrication
of small parts is done with precision, such as micro fluids or implant
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parts and many micro devices. It is most widely used in tissue
engineering field and local drug delivery system where Nano and
micro elements are used [21].
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[Table/Fig-6]: Schematic diagram of two photon polymerisation.

Il. MATERIAL AND BINDER JETTING

This category of technology includes material jetting, aerosol jet
printing and powder binding technology.

A. Material Jetting

This technique is called thermal inkjet printing and multijet printing.
It is analogue to inkjet printing as these devices jet a liquid
photopolymer onto a build tray and cures it with UV light [7]. When
heat is used to cross link or to induce flow of the materials, the
technique is called thermal ink jet printing [10,22]. The printers have
two or more jetting heads which disperse an acrylic photopolymer
(for the model) and wax (for support) simultaneously [1]. The build
tray is incrementally lowered layer by layer [Table/Fig-7].

Inkjet
Printhead g

Leveling Roller
> Binder

Powder Supply | Feeders

Powder Feed Piston Build Piston

[Table/Fig-7]: Schematic diagram of material and binder jetting technique.

This technique also allows printing of clear models with internal
structure such as nerves, teeth, tumours etc. Dental casts and
dental implant guides are extensively printed using this technology
[7]. The advantages include good resolution and minimal post
processing. The disadvantage is expensive material.

B. Aerosol Jet Printing

The technique, also called mask less mesoscale materials
deposition, was developed by OPTOMEC Inc. The process is
based on atomisation of the building material which results in a
dense aerosol which is transferred to the deposition head by an
inert gas stream [Table/Fig-8]. Layer contours are printed by moving
the building platform according to CAD data. The materials used in
this technique include metals such as Ag, Cu, Ni, Al etc., poly (3,4—
stipendiary theophany): poly (styrenesulforiate), polyvinylpyrrolidone,
PMMA-based nanocomposite etc.

C. Powder Binding Technology

Also called Colour-Jet Printing (CJP) and Binder Jetting (BJ), this
technique is similar to material jetting. In this technique, a powder
layer is deposited then liquid binding agent is dispensed and finally
the building platform moves downwards to enable printing of the next
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[Table/Fig-8]: Schematic diagram of aerosol jet printing.

layer. After that the residual powder is removed with pressurised air
[Table/Fig-9] [7,10]. As the prototype is being fabricated, no support
structures are required, as the surrounding powder supports the
unconnected parts [1]. The 3D fabricated object uses CMYK
colouring ink cartridge for printing resulting in an identical range of
colour. The powder used in this technique is starch, plastic cement,
Polylactic Acid (PLA), poly (lactide-co-glycoside), PCL metallic
ceramic powder. The binder solutions can be either aqueous or
non-aqueous dispersion of inorganic materials like silica, aluminium
nitrate, silver nitrate, or polymer solutions and dispersions which
forms films upon drying and strongly adhere to the particles, thus
bonding them together [10].
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[Table/Fig-9]: Schematic diagram of powder binding technology.

The advantages of this technique are that the materials are
inexpensive, support structures are not required and the build
platform is the largest [7].

Ill. THREE-DIMENSIONAL MATERIAL
EXTRUSION

Extrusion-based technology is the computer-controlled layer
by layer deposition of molten and semi molten polymers pastes,
polymer solutions and dispersions through a movable nozzle or
orifice serving as the extrusion print head [Table/Fig-10]. It includes
Fused Deposition Modelling (FDM) and 3D dispensing. FDM is
limited to extrusion of thermoplastics at elevated temperature
but 3D dispensing can use many other classes of materials
like thermosets, rubbers, polyurethanes, silicones, organic and
inorganic pastes, polymer latex, plastisols, biomaterial hydrogels,
various functional polymers and biologically active ingredients and
living cells. While in FDM, solidification of the polymer is achieved by
polymer crystallisation and chain entanglement, 3D dispensing uses
phenomena like reversible and irreversible cross-linking [10].

A. Fused Deposition Modelling (FDM)

It was developed by Scott Crump in 1988. Other terminologies
used are “thermoplastic extrusion”, “plastic jet printing”, “fused
flament method”, “Fused Filament Fabrication (FFF)”. This
technology uses a continuous filament from a large coil which
is extruded from a moving printing nozzle and deposited on

growing work piece [23] [Table/Fig-11].
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[Table/Fig-10]: Schematic diagram of 3D material extrusion.

[Table/Fig-11]: Schematic diagram of fused deposition modelling.

FDM uses a wide variety of materials that include synthetic polymers
such as polyesters, natural polymers like alginate, polymer ceramic
composition, Acrylonitrile Butadiene Styrene (ABS), Polylactic Acid
(PLA), Polycarbonate (PC), Polyamide (PA), Polystyrene (PS), ligmin,
rubber among many others [5,19,23].

The advantages include economical technique, ease of usage,
mechanically and environmentally stable thermoplastics and good
accuracy [1,7,11,23]. The disadvantages include poor surface finish
and lack of finer details.

IV. POWDER BED FUSION PROCESSES

This technology employs a fine resolution laser or electron beam
to achieve binding of solid particles by partial or full melting. It
uses powder bed and unlike vat photo polymerisation and material
extrusion, it does not use photopolymers and does not require
support [5,7]. This category includes Selective Laser Sintering
(SLS), Direct Metal Laser Sintering (DMLS), Selective Laser Melting
(SLM) and Electron Beam Melting (EBM).

A. Selective Laser Sintering

It was developed by University of Texas in 1989 by Carl Deckard
and Joseph Beaman. The building procedure consists of powder
deposition, powder solidification followed by the lowering of the
build platform by one-layer thickness [Table/Fig-12]. These three
steps are repeated until the final layer of manufactured part has
been sintered [1,10,12,18,22].

This technique uses a CO, or Nd: YAG laser beam for scanning
successive layers of powdered material to create a 3D object
[8,24]. At the end of the manufacturing process, loose powder
can be removed easily and reversed in successive runs [10]. The
materials which can be used in SLS include nylon, polyether
ether ketone, poly (e-caprolactone) (PCL), biphasic calcium
phosphates, polymer/calcium phosphate ceramics, titanium
alloys, wax, blend of poly vinyl alcohol and hydroxy path
[2,5,11,13,15,20,24].

The advantages are the ability to use wide variety of materials
and ability to print complex geometric structures and scaffolds.
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[Table/Fig-12]: Schematic diagram of selective laser sintering.

Expensive materials and equipment and rough finished surface are
the disadvantages.

B. Direct Metal Laser Sintering

It was first developed by the EOS GMBH (Germany) company
[1,25]. This technology is similar to SLS technology which prints
plastic material and this technology prints metallic models/parts/
components [18].

The DMLS process is performed by two different methods i.e.,
powder deposition and powder bed method. Due to the faster
speed, the powder bed method is used frequently. There are
two platforms inside the build chamber area, material dispensing
platform and build platform. With the help of recoated blade,
the material dispensing platform moves the powder to the build
platform. The metal powder is fused into a solid part by melting
it using laser energy 200 W high powered ytterbium fibre optic
laser [1,26]. After a layer is built, the build piston lowers the
build platform and the next layer of powder is applied [Table/Fig-
13]. Materials used are chrome cobalt alloy with molybdenum,
tungsten, silicon, cerium, iron, manganese and carbon as other
additives [27]. The major advantages are: no support is required,
no post-processing step and excellent printing quality. The
disadvantages are: it is expensive and requires specific design
guidelines [18].
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[Table/Fig-13]: Schematic diagram of direct metal laser sintering.

V. SHEET LAMINATION OR LAMINATED
OBJECT MANUFACTURING

In the LOM process, thin sheets of paper, plastic or metal is stacked
over one another, cut and pasted together to generate a 3D object
[10,16,27]. Thus, LOM is a hybrid process of additive manufacturing
and subtractive processing [10].

In the first step, adhesive-coated sheets are fed to the building
platform and laminated using a heated roller. In the second step,
the sheet is cut according to the contour provided by the 3D
CAD data. Carbon dioxide laser or knives attached to the print
head are used for contouring. New sheets are supplied by the
rollers and the process is repeated until the object is completely
built [10]. LOM process uses heat either on the build platform
or on the roller in order to fuse the sheets together [16]. The
materials used are paper; Polyvinyl Caprolactam (PVC) plastic or
metal laminates [19].

www.jcdr.net

VI. DIRECT ENERGY DEPOSITION

It is an additive manufacturing technique which uses focussed
thermal energy to create 3D objects. The high energy source could
be an electron beam, a plasma welding torch or a laser. Energy is
used to fuse materials like metal or powder by melting and then
deposited layer by layer [8,10].

Applications of 3D Printing

3D printing can essentially produce anything from clothes to house
and bridges, from tea cups to bikes and cars, from jewellery to food
and also microbial colonies [8]. The different scopes under which
3D printing can be applied are industrial area, health care and well-
being sector and consumer market.

3D printing is an established manufacturing method for past 30
years [28]. The industrial applications of 3DP include production of
complex parts, prototypes, and to test a newly designed part or
product before they are mass-produced [8,28]. Three-dimensional
printing is already being used for the production of spare parts,
customisation of products such as footwear, eye glasses etc. and
for manufacturing complex devices [8,28]. Low cost personal 3D
printers have entered the consumer market so that consumers
can design products themselves, a development called marker
movement. The most promising application of 3D printing is in the
field of health care. 3D printing of surgical guides and models for
surgical planning are the most reported cases in the literature. A
study done by Van Assche N et al., evaluated the precision of transfer
of a computer-based 3D planning, using re-formatted cone-beam
images, for oral implant placement in partially edentulous jaws. The
authors found that flat panel cone-beam CT images may be useful
for computer-aided rapid prototyping of surgical guides for partial
edentulism [29].

A study was undertaken by Chen J et al., to evaluate the mechanical
and biomechanical performance of a novel custom-made dental
implant fabricated by the selective laser melting technique with
simulation and in-vitro experimental studies. They found that
Selective laser melting 3D printing technology was able to recreate
the customised implant designs with adequate dimensional
accuracy and high density and strength [30].

Ortorp A et al., evaluated and compared the marginal and internal fit
of three-unit FDPs in Co—Cr made using four fabrication techniques,
and to conclude in which area the largest misfit is present using
conventional Lost Wax method (LW), Milled Wax with lost-wax
method (MW), Milled Co—-Cr (MC), and Direct Laser Metal Sintering
(DLMS). The result of the study stated that the best fit was found in
the DLMS group followed by MW, LW and MC [31].

Xiong Y et al., evaluated the feasibility of using Three-Dimensional
Printing (3DP) to fabricate porous titanium implants. Green, porous,
titanium implants fabricated by 3DP was sintered under protective
argon atmosphere at 1,200, 1,300, or 1,400°C. Uniform shrinkage
and no obvious shape distortion after sintering was observed
in Sintered implant prototypes. They found that feasibility of
fabricating porous titanium implants by 3DP: pore size and pore
interconnectivity were conductive to bone cell ingrowth for implant
stabilisation. The mechanical properties matched well with those of
the human bone [32].

Three-dimensional printing can be used in area such as oral surgery
for making surgical guides and conducting various blocks to
augment bone defects and for learning models to create mandibles
and jaws. It is also used to restore the absence of parts of the
external ear caused by congenital and acquired disorder and helps
to print cartilage and blood cells [17].

Many removable appliances such as functional appliances,
arch expansion appliances, retainer, arch wire, brackets, tray
for indirect bonding can be made by 3DP which also helped to
eliminate physical impression and put an end to bulky physical
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model storage [33].

In 2011, for the first time Belgium manufactured and implanted a
full mandible directly from a 3D Printer without the need to create a
mold. Models with pathology can be created from actual patients
imaging data using 3D printing technique [34].

In 1994, Mankovich NJ et al., first applied 3D technology for skull
reconstruction. Three-dimensional technology is also used to
manage facial bone fracture such as orbital wall fractures and also
used for the correction of syndromic craniosynostosis [35]. Recently,
3DP technology has been applied in fibular osteotomy and fixation.
This helps to insert the dental implant in the ideal position [35].

Orthopaedics has the largest share in 3DP applications followed by
maxillofacial surgery. The applications of 3DP in medical field can be
categorised as follows:

1. Personal Treatment
a) Surgical planning and guidance tool
b) Implantable devices and prostheses

c) Bio printing-scaffolds, tissue engineering, hard organ
printing, calcium phosphate scaffolds for bone regeneration

d) Drug delivery

e)  Surgical reconstruction
2. Medical Research

a) Phantom fabrications

b)  Microscopic bacterial communities
3. Medical Education and Training

a) Anatomic models

Orthopaedics has the largest share followed by maxillofacial
surgery [36]. Three-Dimensional printed surgical guides are the
widely published papers followed by models for surgical planning.
The 3DP of surgical instrumentation and surgical guides have
a great potential for the surgical planning. The surgical guides
are produced using FDM or SLA out of sterile and bio-inert
materials such as Acrylonitrile Butadiene Styrene (ABS), PMMA or
polypropylene. In oral and maxillofacial surgery, 3D printed surgical
guides are used for orthognathic surgeries, splints, osteotomies
and contouring [25].

Anatomy based implants are created using 3D printing and have
improved surgical performance. For hard tissues, metal implants
have been used successfully in the jaws, hip and femoral bones,
also in hemi-knee joint reconstruction [1]. Custom implants
are mostly made of titanium, polyether ether ketone, epoxide
acrylate hydroxyapatite, hydroxyapatite polymethyl methacrylate,
polypropylene-polyester and non-specified acrylic based resin [28].
In complex cases, 3D Printing helps in producing custom implants,
prostheses and also solves orthopaedics problem [22].

3D printing has become popular in biomedical research and tissue
engineering due to its ability to replicate the intricate architecture
as well as the cellular and constituent heterogeneity of tissues and
organs [5]. The applications of 3D printing in tissue engineering
include hard tissue scaffolds, construction of patient-specific
tissues and hard organ printing [36]. Production of customised
tissue and harvesting of autologous cells can be made possible
by 3D printing [37]. Autologous stem cells such as adipose derived
stem cells and induced pluripotent stem cells from patients can
be used for organ printing. Multiple nozzle 3D printer has been
employed to assemble the multiple autologous cells, growth factors
and other biogenic agents [30]. 3D bio-printing can thus be used
to create simple construct of cells, stem cells, tissues and even
organs such as blood vessels, heart, skin, liver etc., [38,39]. Nearly
21 types of materials have been used for bone tissue engineering
but calcium phosphate ceramics are the most popular because
of their excellent bio-activity, osteoconductivity and similarity in
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composition to bone [40].

The localised delivery of growth factors and drugs has attracted
significant attraction due to the potential for dose reduction,
controlled released pattern and negligible side effects compared
to the systemic delivery. Three dimensional printed scaffolds have
been used for this purpose [40]. Both high temperature and low
temperature fabrication methods have been employed and each
having its own benefits [5]. Drugs such as vancomycin, rifampicin,
ofloxacin, tetracycline hydrochloride and growth factors such
Vascular Endothelial Growth Factor (VEGF), bovine serum albumin,
bone morphogenic protein have been studied [5,40].

Three-Dimensional printing is also being widely used for surgical
reconstruction, medical research, fabrication of phantom, creating
bacterial colonies and also anatomic models for medical education
[1,7,41-44]. Personalised interventional treatment is made possible
using 3D printing [1].

LIMITATION

The theoretical applications of 3DP in medicine are endless.
Yet, there are barriers that need to be addressed so as to use
this technology to its full potential. The barriers, limitations and
challenges of 3D printing are as follows [12,37,42].

1. Cost and speed of production is the greatest limitation;
2. Development and standardisation of new materials;

3. Validation of the mechanical and thermal properties of existing
materials and technologies;

4. Time spent in post processing affects the cost effectiveness of
the model and reduces its usefulness in cases requiring urgent
intervention;

5. Issues related to copyright;
Designers and engineer’s skill in 3D printer are limited;
7.  Lower precision relative to other technologies.

CONCLUSION

3D printing has a number of potential benefits and may play a
significant part in the transition towards a more sustainable
industrial system. It has been used successfully in many fields
of medicine. But, the current limitations have restricted usage
in specific circumstances. Hence, research in this field might
open up new avenues enabling 3D printing to find application in
everyday life.
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