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Abstract

3D printing is the technology in which three dimensional solid objects can be created from a digital model. The
objective of this review is to describe some of the recent developments in the application of 3D printing to medicine.
The methodology involves the critical review of the topic through different authentic scientific sources such as
Science Direct, Google, Google Scholar and etc. with the help of appropriate key words. 3D system provide
opportunities to medical and pharmaceutical industries to design more specific and authentic drug delivery system,
high productivity of surgical and implants, more précised and personalized health care system and it is also helpful
to save the life of people due to any organ failure or damage in case of any accidents or diseases. 3D printing is
used to generate models, research, medical education, surgical tools, drug delivery system and implants. 3D printing
has great potential for future use in the biomedical field and will bring a revolution in the health care system
Keywords: 3D Printing, Drug, Health care, Medical application

Introduction

3D printing is the technology in which three as opposed =« fo  sublractive  manufacturing

dimensional solid objects can be created from a
digital model. 3D printing has opened the doors and
areas of people associated with the medical and health
care system. Now, the medical, health care and
pharmaceutical companies can able to produce more
rapid manufacturing of products. The quality of the
product should be more specified and can be easily
monitored. This technology is expanding rapidly and
is expected to bring revolution in the field of medical,
pharmaceutical, and health care system (Arun, 2018).
Medical applications for 3D printing are expanding
rapidly and are expected to revolutionize health care
(Schubert et al., 2014). The American Society for
Testing and Materials (ASTM) International
Committee F42 has adopted the term additive
manufacturing (AM) for techniques that produce
physical objects from three-dimensional (3D) digital
data via the “process of joining materials to make
objects from 3D model data, usually layer upon layer,

methodologies” (A.I. Committee et al., 2009).

3D printing, also known as additive manufacturing,
is based on the principle of layered manufacturing, in
which materials are overlapped layer by layer. This
technology can be used to quickly fabricate
components with any complex shape by accurately
accumulating material using solid modeling
according to a computer aided design (CAD) model
or computed tomography (CT) scan under computer
control (Yeong et al., 2006). The 3D printing industry
has recently exploded due to the reduced
manufacturing costs of 3D printers and to their
improved printing precision and speed, allowing for
huge advances in medical equipment, implant
material, and cell printing. The preparation of organ
models, rapid manufacturing of personalized
scaffolds and direct printing at the defect site can be
achieved by 3D printing technology based on a
patient’s imaging data such as CT or magnetic
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resonance imaging. In this way, 3D printing
technology brings new possibilities for building
bionic tissue or organs and solving the donor-shortage
problem (Butscher et al., 2013).

This refers to a series of industrial AM processes
commonly referred to as 3D printing, which employ
computer-automated manufacturing (CAM)
processes to fabricate physical 3D objects layer by
layer from computer-aided design (CAD) models.
Thus additive manufacturing, commonly known as
3D printing, is a manufacturing method in which
objects can be created by fusing or depositing
materials onto, or into, a substrate. The materials
deposited can be powders, plastics, ceramics, metals,
liquids or living cells, making the process hugely
versatile. The process is also repeatable, accurate, and
cost-effective for small production runs, allowing the
reliable production of customized parts. It also allows
fast production and collaboration between physicians
and researchers, who can now share a physical object
over the internet and recreate it quickly with high
precision (Sidambe, 2014).

3D printing finds application in the field of
biomedical from 2000 onwards. For the first time,
technology is used in the fabrication of dental
implants. Recently, 3D printing is used in the
fabrication of bones, skeletons, ears, jaws, blood
vessels, tissues, and organs. The novel use of 3D
printing involves tissue fabrication, implants, model
fabrication, drug discovery, research, and designing
of dosage forms (Klein et al, 2013). 3D printing is
highly growing and important technology plays a
great role in medicine and different disciplines. This
review focuses on the medical applications of 3D
printing and its implications for medical applications.

2. A Review On 3d Technology On
Medical Applications And Its Impacts

2.1. 3D printing medical model

One of the most popular uses of 3D printing is in
dentistry. As there are many reports on this aspect,
this paper will not review it. In addition, another wide
application of 3D printing is in medical education and
operation planning. Based on the image data collected
by CT, MRI and other scanning equipment, the 3D
printing medical model can be used for operation pre-
planning, medical education and doctor-patient
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communication. Figure 1 shows model of new
coronavirus and the infected lung, which is used to
popularize the knowledge of new coronavirus. More
and more medicine subjects, such as orthopedics,
neurosurgery and oncology, use 3D printing medical
model to pre-plan operation and improve success rate
of the operation and reduce the risk. The more
difficult the operation meets, the more valuable to
plan the operation through 3D printing model is
(Wang and Li, 2016). A typical application is in the
accurate resection of mediastinal tumor. In order to
avoid damaging the surrounding important tissues
such as trachea, cardiovascular and nerve when
cutting the deep tumor, the double source spiral CT
was used to obtain data and make the 3D printing
model of the tumor and its adjacent organs. The best
operation path and approaching skills were explored
in the pre-operation to improve the success rate of
operation (Sun et al., 2018).

At present, 3D printing technology in medical model
needs to be improved in the following two aspects:
one is 3D medical modeling technology; the other is
the integration among medical modeling, 3D printing
process and medical diagnosis process (Hu et al.,
2019).

(b)

Figure 1. medical model via 3D printing

technology. (a) cornavirus;(b) infected lung
(Wang et a.,1 2016).

2.2. Printing tissues and organs

Tissue or organ failure is a major biomedical
problem. The reasons for this problem include



Medical Implants and Surgical Techniques

increased age, diseased states, road accidents, etc.
Transplantation is not only expensive but there is also
a deficiency of the organs to transplant. Further, it is
very difficult to find the person who is ready to donate
organs and secondly there would the chances of tissue
rejection. To avoid these problems associated with
tissue and organ implants the technology of tissue
engineering has been explored. Rather than using
conventional tissue engineering, the 3D printing
offers various advantages like appropriate cell
placement, cell concentration and size control,
control on speed. 3D printing can be used in organ
printing (Ozbolat and Yu, 2013). There are different
3D printing systems are used which includes laser-
based, inkjet, extrusion-based but a part of all inkjet
printing is used to produce organs and human tissues.
Nowadays the researchers are using bio-printer to
fabricate valves of the heart, joints, bones, spiral disk,
and ear. Wang et al. produced artificial liver by
depositing the different cells in hydrogels. For the
fabrication of artificial liver, 3D bioprinting is used
(Alhnam et al., 2016).

2.3. Drug delivery

Personalized 3D-printed drugs may particularly
benefit patients who are known to have a
pharmacogenetic  polymorphism or who use
medications with narrow therapeutic indices.

Pharmacists could analyze a  patient’s
pharmacogenetic profile, as well as other
characteristics such as age, race, or gender, to
determine an optimal medication dose. A pharmacist
could then print and dispense the personalized
medication via an automated 3D printing system. If
necessary, the dose could be adjusted further based on
clinical response (Ursan et al., 2013). 3D printing also
has the potential to produce personalized medicines
in entirely new formulations such as pills that include
multiple active ingredients, either as a single blend or
as complex multilayer or multi reservoir printed
tablets. Patients who have multiple chronic diseases
could have their medications printed in one multi dose
form that is fabricated at the point of care. Providing
patients with an accurate, personalized dose of
multiple medications in a single tablet could
potentially improve patient compliance (Khaled et al,
2014). Ideally, compounding pharmacies could
dispense 3D-printed drugs, since their customers are
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already familiar with purchasing customized
medications (Ursan et al., 2013).

Researchers at University College London have
fabricated topical drug delivery systems using 3D
bioprinting. They investigated fused deposition
modeling (FDM) and stereolithography (SLA) for the
fabrication of devices to be worn on the nose and
deliver salicylic acid for the treatment of acne. The
salicylic acid is loaded into commercial polymer
filaments using hot melt extrusion. 3D printing lends
itself to this process, as scanned images of the
patient’s anatomy can be used to create devices that
fit exactly, maximizing contact and delivering an
even dose of the drug. They found that while both
methods created suitable devices, the SLA method
was more convenient as a fabrication process. The
dosage can also be varied when the filaments used for
printing are prepared (Goyanes et al., 2016).

2.4. Surgical tools and surgical planning

Computer-Aided Design is an effective tool in the
present scenario for meeting the needs and demands
of the operation theatre. The 3D printed tools can be
effectively used for cuts and sutures. The 3D printed
tools have advantages in terms of emergencies and it
is more beneficial in developing countries because of
its cost-effectiveness (Rankin et al., 2014). The
individual variances and complexities of the human
body make the use of 3D-printed models ideal for
surgical preparation (Klein et al., 2013). Having a
tangible model of a patient’s anatomy available for a
physician to study or use to simulate surgery is
preferable to relying solely on MRI or CT scans,
which aren’t as instructive since they are viewed in
2D on a flat screen (Gross et al., 2014). The use of
3D-printed models for surgical training is also
preferable to training on cadavers, which present
problems with respect to availability and cost.3
Cadavers also often lack the appropriate pathology,
so they provide more of a lesson in anatomy than a
representation of a surgical patient (Banks, 2013).

Operational surgery on a complex congenital heart
requires a highly skilled and experienced surgeon
who can also make quick decisions during the
operation. Making instantaneous decisions during the
operation inevitably may lead to longer operating
times, which may cause adverse impacts on the
surgical outcome. Vodiskat et al. used 3D printing
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model of the congenital heart defect used for
preoperative planning. They have employed two
different commercially available 3D printing
technologies (Polyjet Objet Eden 350, MakerBot
Replicator) for reconstruction of the congenital heart
defect in three different patients Vodiskar et al.,
2017).

Figure 2. Researchers at the National Library of
Medicine generate digital files from clinical data,
such as CT scans, that are used to make custom 3D-
printed surgical and medical models (National
Institutes of Health, 2014).

2.5. Implants

Permanent medical implants commonly used in
dentistry and orthopedics require non-degradable
biomaterial and offer good biocompatibility after
surgical operation. Compared with fabricating
implants by means of traditional machining
technology, 3D printing can achieve personalized
real-time manufacturing of a complex implant with
high dimensional accuracy and short production
cycles. During traditional bone treatments, stress
shielding phenomena can easily occur because
traditional metallic implants present greater stiffness
than bone, which will eventually compromise bone
integrity. Integrating topology-optimization designs
with 3D printing is a new and effective technology to
fabricate lightweight customized implants with
adjusted stiffness] (Altamimi et al., 2017).

Wong et al. designed and printed the implant
according to the shape and biomechanical analysis of
pelvic defect after tumor resection (Wong et al.,
2015). The operation result showed that the patients
could walk independently and the hip joint recovered
well. In order to promote the fusion and reduce the
stiffness mismatch between bone cells and implants,
Shah et al. simulated the ultra-structure of natural
bone canaliculus, designed a porous channel (Shah et

Winsome Publishing LLC

al., 2016). The morphology of bone cells showed that
the 3D printed implants grew well with the human
interface tissue, which was helpful to eliminate the
stress shielding effect and promote the bone healing
better. In addition, 3D printing elastic film implants
can be used to treat heart disease, and 3D printing
nerve guide tubes can be used to guide the nervous
system to finish self-repairing (Gao et al., 2017).
Zhang et al. designed and manufactured custom joint
prostheses according to the osseous morphology of
resected proximal tibial osteosarcomas (Zhang et al.,
2008). Figure 3 show postoperative imaging of a
custom prosthetic reconstruction (Galasso et al.,
2010).

=) >

Figure 3. postopreative (a) anteroposterior and (b)
lateral radiographs of custom prosthetic
reconstruction (Galasso et al., 2010).

2.6. Medical Education and Training

In general, 3D-printed models are anatomically
accurate, provided that high quality CT scan data are
available. However, in many cases 3D-printed
models are typically inflexible, which makes
application difficult in cases involving soft tissue,
such as the brain. Ploch et al. proposed a very fast and
cost effective method using combined 3D printing,
molding, and casting, to create realistic models of
human brains which are physiologically accurate as
well as deformable. They used a surrogate gelatin-
type material that closely mimics the mechanical
properties of the human brain. Their models are
shown in Figure 3. They concluded that this technique
can be used to make personalized deformable brain
models, which can be used for surgical planning or
for medical training (Ploch et al., 2016).
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Figure 4. Anatomically accurate 3-D printed brain
model (Wang et al., 2016).

Several imaging processes are used in radiology to
capture 2D images of the human body but the most
common technologies remain CT and MRI. For both
methods, contrast agents are injected into the patients
before each acquisition for a better distinction
between the tissues by enhancing the contrasts of the
structures of interest. Controlling the noise and
resolution of the images also impacts on the quality
of the 2D images. A very high resolution of data
imaging is always recommended; however,
depending on the needs and the capabilities of the 3D
printer selected for the fabrication, high resolution
may not be required. As will be reviewed later, only
a few printing technologies and apparatus models can
reproduce very fine details (Ogden et al., 2015).

2.7. Medical research

The development of 3D printing for modeling the
behavior of cancers has a huge impact on assessing
the viability of the responses of the various forms of
the disease to different treatments. Using HelLa cells,
researchers at TsingHua and Drexel Universities have
defi ned a process to deposit HelLa cells intoa 10 x 10
x 2 mm hydrogel structure to create synthetic cervical
tumors to investigate the growth of the disease (Zhao
et al., 2014). Alongside this, they created similar
tumors using existing 2D methods. They report that
their model showed different behavior from previous
2D models, proliferating more quickly and forming
cellular spheroids. They note that this method can be
especially effective if combined with techniques to
deposit multiple types of cell, and investigate the
microcellular tumor environment. The development
of microfluidics in bio printing allows better control
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over experiments on 3D cell cultures, and the move
towards more complex tissue structures like those in
native tissues. Researchers at Drexel University have
created cell-laden 3D microfluidic structures
embedded in PDMS with improved leak protection
compared with existing structures (Snyder et al.,
2016). This innovation allows them to guide cells
through the microfluidic network to create complex
tissue structure. They report a material deposition
repeatability of 10 pum with their custom-made
deposition apparatus, and the capacity for
heterogeneous cell co-cultures using a dual nozzle
process. This is part of a large body of work
improving the integration of microfluidics with cell
cultivation to facilitate all kinds of medical research.
3D printed cells in hydrogel scaffolds have been used
by researchers in the University of Dresden to grow
cultures of microalgae and microalgae/human cell
combinations. The microalgae, exposed to light, were
able to grow quickly and the chlorophyll content
increased 16-fold over the first few days. The
microalgae were capable of delivering oxygen to the
human cells closely patterned in their midst. The
researchers claimed that the principle of such a
technology delivering oxygen or secondary
metabolites as therapeutic agents was proven, but
noted that much effort was still required to bring
about any feasible therapies with their technology
(Lode et al., 2015).

3.Conclusionand Recommendations

Great progress has been made in the field of medical-
oriented 3D printing technology. The manufacturing
technology of organ models and permanent implants
has become more mature. 3D printing is a method for
conveniently creating customized one-off objects,
and is transformative in a great number of medical
applications. With the development of printing
techniques and materials suitable for particular
medical applications, research interest is increasing.
The recent developments described here show that,
while exciting and important advances have already
been made in areas of research, teaching, surgical
planning, applications like personalized drugs and
organ printing are at an early stage of development.
Therefore, 3D printing technology should practice for
the development of medicine through;
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The use of 3D printing technology for medical
applications will efficiently solve the donor-shortage
issue for organ transplantations.

It is an emerging and rapidly developing
interdisciplinary field that tightly integrates material
science, biology, and clinical science.

For researcher’s help to solve the problems by
successfully integrate 3D printing with tissue
engineering.
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