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Abstract
Purpose of Review The purpose of this review is to illustrate the current state of 3D printing (3DP) technology used in biomedical
industry towards bone regeneration. We have focused our efforts towards correlating materials and structural design aspects of
3DP with biological response from host tissue upon implantation. The primary question that we have tried to address is—can
3DP be a viable technology platform for bone regeneration devices?
Recent Findings Recent findings show that 3DP is a versatile technology platform for numerous materials for mass customizable
bone regeneration devices that are also getting approval from different regulatory bodies worldwide.
Summary After a brief introduction of different 3DP technologies, this review elaborates 3DP of different materials and devices
for bone regeneration. From cell-based bioprinting to acellular patient-matched metallic or ceramic devices, 3DP has tremendous
potential to improve the quality of human life through bone regeneration among patients of all ages.
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Introduction

Three-dimensional printing (3DP) or additive manufactur-
ing (AM) has transformed the manufacturing world in the
past three decades—from product design/concept models
to rapid prototyping and functional part manufacturing.
3DP is a layer-by-layer process that allows us to manu-
facture complex structures without any part-specific
tooling. The first commercial 3DP technology, called
“stereolithography,” was introduced by Charles Hull in
1988. Since then, different 3DP processes have been in-
troduced commercially for a variety of materials and ap-
plications [1, 2••]. The American Society for Testing and
Materials (ASTM) has classified 3DP into seven broad
categories based on part manufacturing approaches, sum-
marized in Table 1. The following section briefly

describes some of the 3DP processes that are relevant
for treatment options for bone disorders.

Vat Photopolymerization

This is the first commercial process, also known as
“stereolithography (SLA).” In SLA, a photopolymer resin is
cured on a build plate using an ultraviolet (UV) light. The UV
beam moves based on the part design, one layer at a time.
Later, this process was modified for area curing for each layer,
called digital light processing (DLP) or continuous DLP
(cDLP) which is faster than standard SLA. Since the printed
part is immersed in a monomer liquid, the surface finish of the
printed part is better than other polymer 3DP techniques. Vat
photopolymerization can be used to print ceramic parts by
forming a uniform suspension of ceramic powder in the pho-
topolymer resin, which acts as a binder, followed by binder
removal and sintering process. However, sedimentation of
ceramics in the suspension can be a major issue, which can
cause nonuniform density in the final part [1, 2••, 3].

Materials Extrusion

Materials extrusion or “fused deposition modeling (FDM)” is
one of the most popular AM techniques because of its simplicity
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and ease of use. In most systems, a thermoplastic filament is fed
into a heated nozzle, softened, and extruded out, while the print-
head ismoving in the x-y plane.Other systemsmay utilize pellets
and an auger extrusion concept. Extruded material is then depos-
ited on a build plate that can move along the z direction. Apart
from the polymers, metals and ceramic parts can also be printed
using FDM. In those cases, metal or ceramic powders are
premixedwith polymers and extruded in feedstock filament form
for 3DP. FDM-processed metal or ceramic parts require binder/
polymer removal at high temperature followed by sintering.
Relative to other techniques, the resolution offered by an FDM
machine is low (layer thickness ~ 50–250 μm), however it is
easy to use, maintain, and customize, with machine and filament
material at low cost [1, 2••, 4].

Binder Jetting

Binder jetting is a technique developed by researchers at the
Massachusetts Institute of Technology in 1993. In this technique,
a roller rolls a metal or a ceramic, or a polymeric powder from a
powder bed onto a build plate forming a uniform thin layer of
powder, followed by liquid binder deposition from an inkjet head
based on the CAD file. The binder acts as a glue and provides
temporary strength to the printed part. Further heating of the
powder bed is carried out at the curing temperature of the binder
to obtain substantial green strength, thus allowing powder re-
moval without damaging the part, followed by binder removal
and sintering in case of metallic and ceramic parts. Binder jetting
offers tight tolerances and is the most appropriate technique to
print complex geometries, especially for ceramics. Sintering step
can cause cracking due to nonuniform shrinkage. Optimization
of binder droplet size and binder composition are the most im-
portant factors to ensure good part quality. Binder jetting is not
suitable for large part size [1, 2••, 5].

Powder Bed Fusion

Powder bed fusion was invented at the University of Texas at
Austin based on the similar principle of binder jetting where

the inkjet head is replaced by a focused laser beam or an
electron beam (e-beam) to sinter (selective laser sintering,
SLS) or melt (selective laser melting or SLM; or electron
beam melting) the powder. While SLS is primarily used for
polymers, SLM or e-beam processes are used for metallic
parts. Powder bed fusion can be used to print complex designs
where unused powders act as a support material, or support
structures designed to support thermal strain caused during the
high-temperature process. Factors such as laser power, scan
speed, and layer thickness need to be optimized to acquire the
required physical and mechanical properties in a printed part.
Printing demands an enclosed environment to minimize oxi-
dation of liquid metals (vacuum for e-beam, argon or nitrogen
for SLM) primarily when using reactive metals such as titani-
um or aluminum [1, 2••, 6]. E-beam (in vacuum) is popular in
the titanium medical implant industry owing to lower oxygen
pickup in the final printed part relative to an environmentally
controlled SLM process, resulting in better mechanical
properties.

Directed Energy Deposition

Directed energy deposition (DED) uses a focused high-
energy laser beam to melt or sinter metal or ceramic
powders as soon as they are deposited from coaxial noz-
zles focused towards the build plate. Since no powder
bed is used, multi-material structures can be easily
printed along with compositional gradient using DED,
to tailor the properties of components along multiple di-
rections. As in the case of powder bed fusion, the laser
power, scan speed, and powder flow rate are some pa-
rameters that need to be optimized for various materials
depending on their laser absorptivity and thermal con-
ductivity. DED offers poor part resolution and tolerances
(layer thicknesses ~ 250–500 μm). DED is widely used
for surface modification on existing components, struc-
tures with varying compositions, and repair of high value
parts. Figure 1 summarizes the schematic of all of these
five 3DP processes [1, 2••, 7].

Table 1 Summary of seven different 3DP processes and materials used with them

3DP process Materials Parts

Vat photopolymerization Photopolymers, ceramics, composites Complex high-resolution parts with smooth surface finish

Materials extrusion Polymer, metals, ceramics, and composites Bioprinting with cells; scaffolds for tissue engineering

Materials jetting Polymers, multi-materials Multicolor parts for surgical models; scaffolds

Binder jetting Metals, ceramics, polymers High-resolution complex parts

Sheet lamination Paper, metals, composites Multicolor parts for surgical models

Powder bed fusion Metals, ceramics, polymers Scaffolds for tissue engineering; metallic implants; scaffolds

Directed energy deposition Metals, ceramics, composites Multi-material structures; coatings
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The application of 3DP in biomaterials is increasing rapidly.
Apart from a large number of metallic implant manufacturing or
producing resorbable polymer or ceramic scaffolds, 3DP is also
being used for printing materials with live cells, or bioprinting.
Moreover, not only 3DP can use a variety ofmaterials, it can also
create innovative structures with interconnected porosity suitable
for tissue integration in vivo. Finally, using 3DP, patient-matched
devices can be created based on the computed tomography (CT)
or magnetic resonance imaging (MRI) of an anatomical defect.
This approach is also becoming popular for defect-specific sur-
gical models to aid physicians for complex surgeries. Both bio-
resorbable and non-resorbable materials have been processed
using 3DP particularly for bone defects based on the location
of the injury. For low load-bearing applications such as
craniomaxillofacial areas, polymers, ceramics, or ceramic-
polymer composites have been used via 3DP. However, in
load-bearing applications such as hip or knee or spinal defects,
3D-printed metallic implants are common today that have re-
ceived clearance from a variety of regulatory bodies worldwide
including the U.S. Food and Drug Administration (FDA) [8].

Bioprinting

Bioprinting is essentially 3DP of structures using acellular
materials in combination with living cells to replace tissues
to restore their lost function. Bioprinting uses similar principle
as any other 3DP operation by layerwise deposition of bioink,
i.e., cell/tissue laden biopolymeric material, to develop 3-
dimensional anatomical structures from a 3D digital model
[9, 10]. Bioprinting requires extensive optimization of the
process in addition to maintaining a sterile environment to
ensure cellular viability while taking care of adequate printing

resolution. During bioprinting, function-specific bioink prep-
aration through a combination of cells and a suitable scaffold-
ing medium such as collagen, gelatin, and nanocellulose are
needed to provide nutrition to the cells to grow and multiply.
Curing the polymeric material using UV light helps crosslink
the scaffolding medium and entrapping the cells to make the
3D structure. Several thermoresponsive polymers such as
poly(N-isopropylacrylamide) (PNIPAm), pluronics, elastin
polypeptides, and polycaprolactone (PCL) have found their
applications in printing cell sheets for bioprinting operations.
Several studies have been conducted over the years towards
feasibility of thermoresponsive polymers for bioprinting op-
erations and have found that PNIPAm is probably the most
extensively used polymer. PNIPAm biomedical grafts are
most typically prepared by electron beam irradiation and have
been already commercialized as a tool for cell sheet engineer-
ing [11]. The application of materials such as nanocellulose
can be twofold: (1) it can serve as bioink where the
nanocellulose is used as a scaffolding nutrient medium for
living cells to be incorporated prior to printing, and also, (2)
growth factors and other acellular biologics can be incorporat-
ed into the nanocellulose matrix followed by subsequent cell
seeding [12]. Figure 2 shows inspired bioprinted cartilage
constructs fabricated using stem cells in alginate bioink and
PCL crosslink exhibiting protein adhesion on the surface of
the constructs.

3DP of Bioceramics

3D-printed porous ceramics have introduced several benefits
towards development of lightweight multifunctional materials
that are tailored to the patient’s needs. 3D-printed porous

Fig. 1 Main methods of 3DP of materials: a vat photopolymerization [3], b 1–4 stepwise materials extrusion process [4], c binder jetting [5], d powder
bed fusion [6], and e directed energy deposition [7]. Used with permission from Elsevier
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ceramic scaffolds show superior performance than tradition-
ally manufactured structures [14]. Ceramics used for 3DP op-
erations are either biodegradable ceramics such as calcium
phosphates (CaPs) and calcium silicates or nonbiodegradable
ceramics such as alumina and zirconia. Based on the applica-
tion site, these ceramics are typically functionalized by drugs,
dopants, and growth factors or structurally modified to per-
form a specific function. CaPs are the most common ceramics
used in bone regeneration. Typically fabricated using powder
bed 3DP techniques such as binder jetting, CaPs can achieve
very high structural resolution. 3D-printed CaP scaffolds for
biomedical applications can be broadly classified into two
major categories based on processing parameters: (1) high-
temperature 3D-printed CaP scaffolds for bone regeneration
and (2) low-temperature 3D-printed scaffolds for drug and
growth factor delivery. The former involves either powder
bed fusion or thermal material extrusion techniques followed
by high-temperature post-processing such as sintering. These
scaffolds have good mechanical strength but are incapable of
drugs or biologics incorporation during fabrication. The only
way these scaffolds can be characterized for biocompatibility
is external in vitro cell seeding on the surface and in vivo
osseointegration studies. Extensive research has been per-
formed with a variety of cells to assess biocompatibility of
these scaffolds [15–19]. Additionally, a number of studies
have evaluated the printability and biocompatibility of these
CaP scaffolds with different dopant systems [20, 21, 22••] at
low temperatures using binder jetting. Low-temperature pro-
cesses render the possibility of in situ printing of CaP parts
together with growth factors, drugs, and dopants.

Biological performance of 3D-printed CaP scaffolds incor-
porated with dopant systems such as strontium (Sr), magne-
sium (Mg), iron (Fe), and silicon (Si) showed enhanced

osteogenic ability of these materials as a combined function
of the chemistry of the dopants as well as structural design
through 3DP [21, 22••] (Fig. 3). In vivo results observed over
periods of 4, 8, and 12 weeks on rat distal femur models
showed accelerated bone ingrowth through interconnected
open porous channels in the scaffolds, which promote cellular
migration and thereafter osseous tissue integration. Dopants
such as Fe and Si are found naturally in human physiological
systems and hence deemed to be nontoxic. This elemental
incorporation into ceramic scaffolds increases the chances of
osteogenesis and eventually leads to complete bone regenera-
tion, while simultaneously the scaffolding materials biode-
grade in vivo. The combined osteogenic effect of CaP and
Fe/Si/Sr/Mg suggests that such combinations are not only fea-
sible for fabrication but also can be effective towards being a
comprehensive bone regenerative scaffolding device.

Alumina and zirconia are used in dental and musculoskel-
etal bone regeneration due to their toughness and high me-
chanical strength [23–26]. Alumina parts fabricated using
stereolithography with added infiltration of liquid phase zir-
conium by in situ precipitation have been studied [27]. The
enhanced strength was observed compared with parts with-
out liquid infiltration. However, these structures exhibited
lower fracture toughness. Dehurtevent et al. [28] studied
the effect of particle size on flexural strength and shrinkage
of printed alumina dental crown to prove that flexural
strength does not depend on particle size. Additionally, re-
search has shown bimodally distributed particle size (micro
and nano) can contribute towards higher part density com-
pared with uniform single-sized alumina particles [29].
However direct ceramic stereolithography can be expensive,
and only a limited number of materials are available so far
for this technique [30].

Fig. 2 3D bioprinting of stem
cells-alginate-PCL structures for
cartilage bioprints and biological
assessment of protein adhesion on
the material [13••]. a 1, CAD im-
age outline of the vertebral struc-
ture; 2, PCL deposition to form a
crosslinked network; 3, bioink
deposition; and 4, composite
printing. b μCT image of the
composite PCL/alginate/MSC
laden vertebrae structure. c Live/
dead cell imaging of MSC laden
PCL network. Used with permis-
sion from John Wiley and Sons
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3DP of Ceramic-Polymer Composites

The ability to 3D print polymeric composites has been ex-
plored extensively in medical field especially for non-load-
bearing applications such as craniomaxillofacial and dental.
Several bone mimetic models and soft tissue mimetic models
have been developed using polymer-ceramic composite 3DP
[31]. PCL finds an extensive application in such fields due to
its lower degradation rate in physiological environment as
well as higher mechanical strength compared with other poly-
mers such as polylactic acid (PLA) or polylactide glycolic acid
(PLGA). Very high bone regenerative response has been ob-
served for such 3D-printed scaffolds in non-load-bearing ap-
plication [32]. Porous structures with very high-resolution and
patient-matched designs can be fabricated using FDM which
leads to the onset of effective bone regeneration and ingrowth.
These scaffolds are eventually degraded in the physiological
environment. Bone mimetic scaffolds have been independent-
ly fabricated with a combination of decellularized extracellu-
lar matrix (ECM) and PCL [33, 34].

More recently, starch-based structures have been 3D-
printed as bone regenerative scaffolds with added advantage
of drug elution from pores. Koski et al. have utilized solid
freeform fabrication to fabricate bone scaffolds from calcium
phosphate and starch-based composites. The integration of
calcium phosphate, PCL, and starch improved the mechanical
properties as well as resulted in better biological performance.
These scaffolds were later studied as drug-eluting vehicles for
chemopreventive measures [35] (Fig. 4). While polymers

have been shown to effectively enhance mechanical properties
of ceramic scaffolds, they are also extensively used as coat-
ings on drug delivery ceramic systems. Polymeric coatings
(PCL, PLGA) can regulate the rate of drug release from scaf-
folds based on the pH of the environment and hence effective-
ly sustain the therapeutic efficacy of the drug. Several studies
have been performed with polymer coatings on CaP scaffolds
which are targeted towards sustained delivery natural medic-
inal compounds [36].

3DP of Metals and Alloys

Numerous common orthopedic diseases in load-bearing ana-
tomical sites need metal implants to restore function of that
part. There are two major factors that determine the suitability
of a load-bearing metallic implant: (1) mechanical stability
which can be better achieved through 3DP of customized part
based on the CT scan or MRI of the patient’s defect site and
(2) biological response towards host bone which is often
achieved by bulk or surface modification of such implants.
3DP of metals primarily comprised of melting of metal pow-
der feedstock using either a laser source or electron beam and
follows similar principle as any other 3DP operation. The
most common techniques are powder bed fusion (SLM), di-
rected energy deposition (laser or electron beam), and fairly
newly binder jetting.

3D-printed titanium (Ti) alloys have been extensively used
in biomedical devices for total knee arthroplasty (TKA) and

Fig. 3 a, b Schematic of 3D printing of ceramics using inkjet printing
technique and images of fabricated parts, c 3D-printed porous ceramic
scaffold structure, d in vitro cell-material interaction, e, f histological
micrograph for in vivo bone formation on Sr, Mg-doped CaP scaffolds

and subsequent histomorphometric quantification, and g, h in vivo bone
section images from decalcified bone/scaffold system with Fe and Si
dopants. Used with permission from Springer [21] and Elsevier [22••]
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total hip arthroplasty (THA) due to their excellent biocompat-
ibility, initial stability due to lower modulus, and low cost of
production. Dumas et al. fabricated a novel porosity-graded
diamond-type lattice structures via powder bed fusion 3DP
technology and evaluated the stiffness and yield strength of
the Ti64 structures with varying porosities (80, 58, and 40%)
towards mechanical stability at the implantation site [38]. The
porous structures were shown to have modulus ranging from
1.6 to 20.3GPa whichwere comparable with that of trabecular
and cortical bone. On the other hand, Sheydaeian et al. used
binder jet multi-scale 3DP to analyze porosity deviation in
functionally graded commercially pure Ti (CpTi) cellular
structures using different layer thicknesses [39]. Apart from
a 5% variation in porosity of the fabricated parts, no signifi-
cant variation in Young’s modulus (2.9 ± 0.5–3.5 ± 0.4) GPa
as well as yield stress (158 ± 10–175 ± 27)MPa was observed.
Other Ti alloys have been studied for structural dependence of
mechanical properties based on 3DP fabrication, for example,
solid and porous lattice structures of Ti-25Ta alloys have been
fabricated by Soro et al. using selective laser melting (SLM)
and have been shown to exhibit identical mechanical compat-
ibility as Ti64 but with a lower elastic modulus and higher
strength [41]. This is particularly useful in a bone repair

application since a lower elastic modulus of the material or
design suggests a reduction in the probability of stress
shielding due to mismatch in modulus. However, when it
comes to the biological compatibility of Ti alloys in physio-
logical implantation, poor bonding on the surface of these
bioinert implants is their primary disadvantage. Several coat-
ing techniques such as ceramics on Ti, tantalum (Ta) on Ti,
and titania nanotubes have been implemented to overcome the
drawback [40–42].

Tantalum (Ta) is a newly implemented metallic biomaterial
that has seen popularity over the last decade. It has attracted
the attention of the biomedical industry due to its excellent
corrosion resistance and biocompatibility. However, high
density and melting temperature of Ta make it difficult to
process using conventional techniques in addition to its high
inventory cost. 3DP techniques such as directed energy depo-
sition make it feasible to process Ta [43]. Recently,
Bandyopadhyay et al. showed the processing feasibility of
porous Ta structures using laser engineered net shaping
(LENS™) keeping processing parameters close to that of
Ti64. The 30% porous Ta structures showed similar in vivo
biological performance as 30% porous Ti64 with nanotube
surface modifications [44]. In vivo studies carried out over

Fig. 4 Ceramic scaffolds structures with polymer coatings aiding in
sustained direct drug delivery as well as from liposomal encapsulation
[37••]. a Turmeric rhizomes, source of curcumin. b SEM morphology of
3DP ceramic scaffold. c SEMmicrograph HA structure with and without
curcumin encapsulation. d In vitro cell osteoblast morphology on porous

3DP TCP scaffold with and without curcumin encapsulated liposome. e
Osteoblast proliferation on curcumin loaded HA-coated Ti implants. f
In vivo histology staining for tissue-material interaction through collagen,
blood vessel formation, and new bone growth into porous implants. Used
with permission from Elsevier
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periods of 5 and 12 weeks in rat distal femur model suggested
3D-designed volume fraction porosity to play a key role in
early-stage osseointegration ability of these implants. This
was achieved through enhanced bone ingrowth through bulk
porosity. In addition, higher and continued osteoid or new
bone formation at the interface of these implants and host bone
was observed for extended time periods as a function of sur-
face chemistry (titania nanotubes) (Fig. 5). Bone regenerative
capability of these 3D-printed implants suggests their candi-
dacy as effective bone replacement biomedical devices.

Recently, amongmetallic orthopedic implants, biodegrada-
tion profile has been of emerging importance. Biodegradable
metallic bone implants are therefore fabricated from either soft
metal such as magnesium or iron which is found naturally in
physiological system. Magnesium implants have mechanical
properties close to that of bone, and magnesium has been
reported to stimulate new bone formation [46] because it is
an essential mineral in nutrition intake. However, magnesium
has a fast degradation rate because it is a soft metal and cor-
rodes faster than other inert metals such as Ti or cobalt-
chrome alloys. Iron, on the other hand, has a slower

degradation rate which can be disadvantageous for its use in
orthopedic applications. 3DP techniques provide solutions to
overcome both these drawbacks and successfully fabricate
implantable parts with moderate degradation rates and com-
parable mechanical properties to that of human bone. Li et al.
have extensively studied the contribution of additively
manufactured magnesium and iron implant structures towards
optimized effective performance [47]. The magnesium scaf-
folds were fabricated using SLM, while the iron porous lattice
structures were fabricated using direct metal printing (DMP).
Both the implants showed a structural or design dependence
on mechanical properties as well as biological activity.
Magnesium scaffolds showed continued mechanical stability
as trabecular bone even after 4 weeks of biodegradation and
revealed less than 25% cytotoxicity in vitro. On the other
hand, porous iron structures also revealed mechanical stability
even after 28 days of biodegradation. The biodegradation be-
havior of iron scaffolds was found to be faster on the periphery
compared with the center which suggests an important role of
topology or design on the additively manufactured porous
iron.

Fig. 5 a, b In vivo biological response from tantalum parts fabricated
using direct energy deposition (DED) showing early-stage
osseointegration as a function of designed porosities and extended new
bone formation at 5- and 12-weeks post-implantation, respectively. c, d
Histomorphometric quantification of new bone formation at the implant-

bone interface at 5 and 12 weeks, respectively. e In vitro cellular response
of 3D-printed Ta coatings evaluated through confocal microscopy (image
courtesy: Bandyopadhyay et al. [44, 45]). Used with permission from
Elsevier
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Nickel-titanium alloys also known as Nitinol (NiTi) have
been of importance in biomedical applications such as vascu-
lar stents, orthodontic wires, and bone implants due to their
shape-memory properties, super elasticity, and corrosion re-
sistance by spontaneous formation of titanium oxide layer on
the surface. However, conventional manufacturing of NiTi is
difficult mainly because of machining issues, hardening char-
acteristic, and martensitic transformation due to stress. 3DP
techniques for fabrication of NiTi structures have been devel-
oped to circumvent the difficulties of conventional
manufacturing while providing ease of fabricating complex
geometries and porous structures. Although 3DP has provided
a way to successfully fabricate these structures, porosity led to
higher surface area which in turn resulted in higher rate of
corrosion and Ni ion release [48]. Therefore, coating tech-
niques in 3DP are suggested for effective implementation of
NiTi in biomedical applications. Similarly, other studies sug-
gest biofunctionalization of NiTi surfaces using biologics to
reduce Ni ion release and enhance cell-material interactions
[49].

3DP of metals makes it easier for part fabrication with com-
plex geometries for expensive materials or materials that are
difficult to work with. This field for metals is rapidly growing
with numerous advances in newer methods, alloys, and part im-
provement. Metal 3DP provides us the advantages of reduced
cost of tooling, design versatility, and complex geometry fabri-
cation in addition to one-step part consolidation.

Summary and Future Direction

3D printing provides the end user with design freedom, part
customization, and the ability to print complex parts on de-
mand. A review on the main techniques of 3D printing in bone
regeneration, methods, and materials is presented here. Some
of the challenges related to specific 3D printing operations are
also discussed. 3D printing has contributed to ongoing re-
search and advancement of biomedical materials with custom-
ized structures and patient specificity. However, challenges
such as regulatory issues pose concerns with the use of 3D
printing. Although 3D printing of metallic materials for im-
plants is becoming common, over 100,000 implants have been
printed in 2019 for human use and it is still not common for
ceramics in clinical applications due to challenges in process
optimization and quality control. Void formation between
layers during printing operations is one of the major concerns
that can compromise mechanical properties of the printed
parts. Additionally, anisotropic properties in 3D-printed parts
are also difficult to avoid. Current research on the develop-
ment of materials and methods has helped overcome some of
these challenges. 3D printing is expected to be a part of main-
streammedicine, not just in orthopedics but also in other areas
of health care. 3D printing will serve as a great tool for

surgical training to young physicians for better visualization
of different anatomical structures. It is also becoming common
for physicians to use surgical models for pre-surgical plan-
ning. The innovation of next generation of biomaterials to
treat various diseases and large-scale on-demand manufactur-
ing of implants will be possible in the coming days with the
help of 3D printing. Overall, the evolution of 3D printing over
the past decades has been phenomenal, and this trend is ex-
pected to continue in the next decade.
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