_ International Journal of Future Engineering Innovations www.FutureEngineeringJournal.com

International Journal of Future

Engineering Innovations

3D Printing in Medicine

Matthew NO Sadiku ', David Padi 2, Janet O Sadiku 3, Roy G Perry *

1.4 College of Engineering, Prairie View A&M University, Prairie View, TX 77446, USA

2 Graduate School of International Business and Leadership, Midwest University, Wentzville, Missouri, USA
3 Juliana King University, Houston, TX, USA

* Corresponding Author: Matthew NO Sadiku

Article Info Abstract

The emerging 3D printing technology signifies a groundbreaking evolution in the
production of medicines, transitioning from conventional technological methods to
additive manufacturing. 3D printers are used to manufacture a variety of medical
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1. Introduction

Traditional mass production of medications often falls short, as the "one-size-fits-all" approach fails to account for each patient's
unique needs. The rise of personalized medicine, driven by advances in understanding genetics and lifestyles, underscores the
need for more tailored treatments. The groundbreaking research on the innovative application of 3D printing technology in
pharmaceuticals has highlighted its immense potential to create a wide array of medicines. Integrating 3D printing into
pharmaceutical technology marks a transformative shift in tablet shapes and compositions, moving away from traditional drug
manufacturing methods '),

What once seemed like science fiction is now a practical reality that blends technology, biology, and personalized medicine.
Three-dimensional printing has moved far beyond early prototypes and novelty uses. One of the most significant advances in
medical 3D printing is the ability to personalize. 3D printers are used to manufacture a variety of medical devices, including
those with complex geometry or features that match a patient's unique anatomy. However, 3D printing is not limited to medical
devices. Other industries and government departments are also interested in its use.

2. Significant of the Study

This study has several implications because it highlights the potential of 3D to enhance medical technology. Other areas of
significance include improvements, particularly in personalized medicine, which enhance accuracy and improve surgical
outcomes. It also contributes to better preoperative planning, allowing surgeons to rehearse complex procedures and boosting
their confidence. Research shows that bioprinting enables the fabrication of tissue scaffolds and experimental organ constructs
from living cells and biomaterials. Additionally, it supports drug testing, optimizes implant design, and advances
experimentation in biomedical engineering. This technology holds great promise for addressing organ shortages and advancing
tissue engineering applications 1> 1,
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3. Methodology

The study employed a qualitative literature review to
examine the applications, benefits, and challenges of 3D
printing in medicine. A literature review allows researchers
to evaluate scholarly materials to conduct research. This
method allows peer-reviewed research on the technological
developments in 3D printing in medicine.

3.1. Research Design

The research used a descriptive-analytical design based on
secondary and primary data sources. It helps identify the
major applications of 3D in medical innovation.

3.2. Data

Data was collected from variety of sources, including
databases, peer-reviewed publications, books on 3D printing
in medicine, and other resources. They were all validated to
ensure their authenticity.

4. Literature Review

4.1. 3D Printing

In the following section, we provide a comprehensive
analysis of the existing literature on 3D printing in Medicine.
3D printing (also known as additive manufacturing (AM) or
rapid prototyping (RP)) was invented in the early 1980s by
Charles Hull, who is regarded as the father of 3D printing.
Since then, it has been used in manufacturing, automotive,
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electronics, aviation, aerospace, aeronautics, engineering,
architecture, pharmaceutics, consumer products, education,
entertainment, Medicine, space missions, the military,
chemical industry, maritime industry, printing industry, and
jewelry industry [,

A 3D printer works by “printing” objects. Instead of using
ink, it uses more substantive materials—plastics, metal,
rubber, and the like. It scans an object—or takes an existing
scan of an object—and slices it into layers, which can then be
converted into a physical object. Layer by layer, the 3D
printer can replicate images created in CAD programs. In
other words, 3D printing instructs a computer to apply layer
upon layer of a specific material (such as plastic or metal)
until the final product is built. This is distinct from
conventional manufacturing methods, which often rely on
removal (cutting, drilling, chopping, grinding, grinding,
forging, etc.) rather than on addition. Models can be multi-
colored to highlight important features, such as tumors,
cavities, and vascular tracks. 3DP technology can build a 3D
object in almost any shape imaginable as defined in a
computer-aided design (CAD) file. It is an additive
technology, distinct from traditional manufacturing
techniques, which are subtractive processes in which material
is removed by cutting or drilling ®l. A digital design, material,
and a 3D printer are all you need to print a 3D product. Figure
1 shows how a 3D printer works .

3D printer

Object

Fig 1: How 3D printer works 4],

3D printing has started breaking through into the mainstream
in recent years, with some models becoming affordable
enough for home use. Many industries and professions
worldwide now use 3D printing. It plays a key role in making
companies more competitive. The gap between industry and
graduating students can be bridged by including the same

=

cutting-edge tools that professionals use every day in the
curriculum. There are 3D-printed homes, prosthetics,
surgical devices, drones, hearing aids, and electric engine
components. As shown in Figure 2, 3D printing involves
three steps ['%). A typical 3D printer is shown in Figure 3 ['1],
while Figure 4 shows some reasons to pursue 3D printing 2],
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Fig 2: 3D printing involves three steps [,
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Fig 3: A typical 3D printer [°],

Top Reasons to Pursue 3D Printing
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Fig 4: Some reasons to pursue 3D printing [,

4.2. 3D Printing in Medicine

Among the latest innovations, 3D printing stands out as a
revolutionary technology, enabling the precise, patient-
specific design of drug-delivery systems and healthcare
devices. Although patented in 1986, 3D printing has recently
gained attention and is now revolutionizing the
pharmaceutical industry. This technology enables the layer-
by-layer fabrication of three-dimensional objects, allowing
the creation of complex structures that were previously

impossible or impractical to produce using traditional
manufacturing techniques. With the availability of various
materials suitable for 3DP and healthcare applications, this
technology enables the precise fabrication of patient-specific
prosthetics, dental implants, and orthopedic devices,
significantly improving fit and functionality. Figure 5 shows

different types of 3D printing technologies used in Medicine
[13]

Types of 3D printing technologies in medicine

FDM
Layered plastic for
models & tools

SLS
Powder fused into
strong implants

@AMERICAN
UNIVERSITY
of ANTIGUA

COLLEGE OF MEDICINE

SLA
Resin for smooth
dental molds

Bioprinting
Cells & gel for tissues

Fig 5: Different types of 3D printing technologies used in medicine [*].
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The integration of 3D printing into mainstream
pharmaceutical practice holds significant potential to drive
personalized Medicine and improve therapeutic outcomes.
3D printing has overcome limitations of conventional
multidrug pills, enabling the fabrication of customized
polypills with tailored release profiles. 3D printing enables
the creation of customized drug-delivery systems for
transdermal applications, such as implants and microneedles.
The development of 3D printers capable of directly printing
cells has enabled automated cell structure production for
toxicity testing and disease treatment ['4],

4.3. Applications of 3D Printing in Medicine

3D printing has gained popularity in fields such as tissue
engineering, dentistry, pharmaceutical manufacturing, and
bioprinting for creating intricate drug-delivery systems and
personalized medicines. The applications of 3D printing in
Medicine span various domains, including prosthetics,
implants, surgical planning, bioprinting, and
pharmaceuticals, each contributing to improved outcomes
and personalized healthcare. Common areas of application
include the following [*> 151:

Pharmaceutical Manufacturing in 3D printing technology is
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transforming pharmaceutical manufacturing by shifting from
conventional mass production to additive manufacturing,
with a strong emphasis on personalized Medicine. Traditional
pharmaceutical manufacturing follows a one-size-fits-all
approach, which often fails to meet the specific requirements
of patients with unique medical conditions. In contrast, 3D
printing, coupled with bioink formulations, enables on-
demand drug production, reducing reliance on large-scale
manufacturing and storage. The use of bioinks has
revolutionized personalized Medicine, allowing for the
fabrication of patient-specific drug formulations with precise
dosages and tailored release profiles. Three-dimensional
pharmaceutical printing is a pioneering advancement in
personalized Medicine, utilizing layer-by-layer deposition of
pharmaceutical materials to produce customized medications
with distinct structures, precise dosages, and tailored drug
combinations. Traditionally, pharmaceutical tablets have
been limited to conventional shapes, such as round, oval, or
rectangular. Three-dimensional printing has enabled the
creation of tablets with complex geometries, such as spirals
and hollow structures. Figure 6 shows examples of various
tablet shapes created using 3D printing ['].

.

Fig 6: Examples of various tablet shapes created using 3D printing [1],

Personalized treatment is one of the most significant
advances in medical 3D printing. Personalized Medicine
represents a revolutionary approach in Medicine, crucial for
managing complex drug regimens tailored to individual
patient profiles. 3D printing is becoming more prevalent in
personalized Medicine, offering a promising approach to
patient-centered care. This approach is particularly important
for pediatric and geriatric populations, who often require
complex medication regimens due to age-specific
physiological differences, varying metabolic rates, and
distinct therapeutic requirements. Advanced drug delivery
technologies, such as 3D-printed pharmaceuticals and
innovative excipient formulations, enable the customization
of medications in terms of dosage, release profiles, and
administration routes, ensuring optimal efficacy and safety
for these vulnerable groups. 3D printing is used to create
personalized implantable devices that can release drugs at a
controlled rate directly to the target area within the body.

Bioprinting is another promising development, advancing 3D
printing of living tissues and organs. Bioprinting is one of the
most exciting and high-potential innovations in medical 3D
printing. Instead of metals or plastics, this technique uses bio

inks composed of living cells and biomaterials compatible
with human tissue. Bioprinting technology has been used to
create human-like ears by using scaffolds filled with a gel
containing cow cartilage cells and collagen.

3D printing is widely used in dentistry to create dental
crowns, bridges, and even orthodontic devices. It enables
precise, efficient dental treatments, reducing patient
discomfort and treatment time. In dental applications, 3D
printing is utilized to create crowns, bridges, and dentures
that fit more accurately and comfortably than those produced
using conventional methods. The ability to produce patient-
specific dental appliances quickly has made 3D printing a
valuable tool in restorative dentistry.

Surgery planning and simulation are another critical area
where 3D printing is proving beneficial. Surgeons can create
physical models of complex anatomical structures using
patient imaging data, such as CT or MRI scans. Surgeons can
rehearse intricate procedures on 3D-printed models, reducing
the likelihood of complications during actual surgery.
Custom implants made through 3D printing are making
significant strides in the field of implants. Custom implants
can be manufactured to precisely fit patients' anatomical
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structures, resulting in better integration and reduced
complications. Orthopedic implants, such as bone plates and
screws, can be 3D-printed from biocompatible materials,
ensuring they match the patient's unique physiology.

5. Discussions of the Benefits and Challenges

5.1. Benefits

Additive manufacturing offers a myriad of benefits that
significantly elevate the healthcare landscape. It enhances
patient outcomes by providing precision and customization
that was previously unattainable. The flexibility and
personalization of 3D printing offer numerous opportunities,
especially in the development of pediatric medicines.
Personalization and lower costs have made these prostheses
accessible even in developing countries. Other benefits of 3D
printing in Medicine include the following [ 1617,
Cost-effectiveness is another important factor. Medical 3D
printing is a cost-effective solution in the long run.
Personalization and lower costs have made prostheses
accessible even in developing countries. The affordability of
FDM printers is the main advantage in all applications.
There is a greater benefit of customized medication: One of
the most significant transformative advantages of 3D printing
in the pharmaceutical industry is the ability to customize
medication. This technology enables tailoring drug
combinations, release mechanisms, and dosages to the
specific requirements of each patient, thereby substantially
improving treatment efficacy and adherence. It allows for the
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customization of drug release profiles, dosages, and even
flavors, making medications more accessible and palatable
for elderly patients who may struggle with swallowing
traditional pills or following complex medication schedules.
Oral drug delivery via 3D printing technology has shown
promise in the development of solid oral dosage forms. Such
technology enables the production of novel formulations that
overcome many limitations of conventional drug
manufacturing methods. 3D printing has the potential to
produce a range of sizes and complex shapes with tailored
release characteristics to meet the demand for personalized
medications. Oral delivery via the development of fast-
dissolving films offers rapid drug delivery by providing a fast
drug dissolution and absorption profile.

Polypill in 3D printing has led to the development of a
polypill containing multiple drugs with a customized dose
and drug delivery profile. Researchers have developed a
polypill containing five drugs fabricated as an immediate

release compartment containing two drugs, aspirin
and hydrochlorothiazide, and a sustained release
compartment containing three drugs
i.e., pravastatin, atenolol, and ramipril. From the same

research group, a pill containing multiple drugs has been
designed by using a semisolid extrusion-based 3D printing
technique.

Some of the advantages and limitations of 3D in Medicine are
displayed in Figure 71,

Advantages o Regulatory Limitations
challenges
B - o)
5 nitia
i costs
Rapid \ Scalability
prototyping issues
= o-
| On-demand ——— Limited
production - materials
Cost
effectiveness Quality
- control
Improved
patient ) Technical
compliance challenges

Fig 7: Some of the advantages and limitations of 3D in medicine ['l.

5.2. Challenges

The widespread adoption of 3D printing in the
pharmaceutical industry faces numerous challenges that must
be addressed for it to succeed. Key obstacles include
regulatory Compliance, quality assurance, and engagement
from healthcare professionals. Another obstacle is the limited
range of materials suitable for 3D printing, as many active
pharmaceutical ingredients and excipients used in traditional
manufacturing are not compatible with current 3D printing
technologies. Protecting intellectual property rights is
challenging in the rapidly evolving field of medical 3D
printing. Other challenges of 3D printing in Medicine include
the following [:

One of the biggest challenges is cost. The initial costs for

setting up 3D printing technology are substantial,
encompassing expensive equipment, specialized training,
and ongoing expenses such as software updates and
maintenance. There are a few sectors where Americans feel
rising costs as directly as they do with hospital bills,
insurance premiums, and out-of-pocket expenses.

There are some ethical concerns. Ethical considerations in
medical 3D printing include obtaining informed patient
consent for the use of personalized medical solutions. There
will probably be ethical considerations regarding access to
3D-printed medications, including how to ensure that all
patients can benefit from this technology regardless of
socioeconomic status.

Technical Limitations are another critical challenge: the

S5|Page


http://www.futureengineeringjournal.com/
https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=11946218_pharmaceutics-17-00390-g001.jpg

International Journal of Future Engineering Innovations

limitations of 3D printing technology. Some 3D printing
techniques, such as fused deposition modelling (FDM), may
not be suitable for fabricating thermolabile APIs due to the
high temperatures. Often, the available materials are not
optimal for all types of drugs, particularly those that are
highly sensitive to environmental conditions or require very
precise delivery mechanisms. Overcoming technical and
economic barriers to scalability and commercialization is
vital to ensure practical implementation, broad accessibility,
and clinical integration of advanced 3D-printing
technologies.

Standards are one of the primary disadvantages of 3D
printing technology in pharmaceuticals: a lack of regulatory
guidelines and standardization. Establishing standardized
guidelines for the production, safety, and efficacy of 3D-
printed medications is essential to ensure consistency and
reliability in patient care.

Regulatory Compliance is also another issue. Implementing
3D printing in the pharmaceutical industry requires specific
technical specifications and regulatory requirements to
ensure safety, efficacy, and quality. Regulatory issues are a
significant concern given the personalized nature of 3D-
printed drugs; each new formulation may require a full
approval process, which can be both costly and time-
consuming. The lack of regulatory guidance poses a
significant barrier to the widespread adoption of this
technology. The integration of 3D printing in Medicine
demands strict regulatory oversight and adherence to ethical
principles. Regulatory bodies such as the FDA, EMA, and
NMPA evaluate the safety and efficacy of 3D-printed
medical products through preclinical testing.

Other challenges include compatibility.  Material
compatibility with the human body is another critical
consideration. Selecting biocompatible materials that do not
trigger adverse reactions or tissue rejection is crucial.
Moreover, understanding the long-term effects of these
materials within the body is essential to ensure patient safety.
Collaboration is another concern. Collaboration among
regulatory agencies, pharmaceutical companies, and medical
professionals will be critical to establishing best practices and
achieving  widespread  acceptance  of  3D-printed
pharmaceuticals in clinical and commercial settings. The
successful integration of 3D printing into mainstream
pharmaceutical manufacturing necessitates unprecedented
collaboration between industry stakeholders, regulatory
bodies, and academic researchers.

The requirement for training is imperative. Education and
training programs must be established to ensure that
surgeons, technicians, and other medical staff can effectively
utilize 3D printing in their practices. As technology continues
to evolve, ongoing professional development will be
necessary to keep pace with innovations and best practices.

6. Results

The results of the research are consistent with previous
research findings and support our study's conclusion that 3D
printing in medicine improves clinical effectiveness and
surgical outcomes. For instance, accurate surgical planning
enhances clinical results in complex procedures.
Additionally, the findings also show that the use of patient-
specific 3D models reduces operative time and improves
anatomical precision. In craniomaxillofacial surgery, 3D-
printed titanium implants have demonstrated favorable
outcomes in terms of surgical outcomes, logistical efficiency,
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and cost reduction. Furthermore, patient-specific surgical
instruments and implants significantly enhance procedural
accuracy and alignment with individual anatomy, thereby
advancing precision medicine. Other clinical studies also
report that 3D-printed anatomical models improve spatial

understanding and surgical confidence among practitioners
[18, 19, 20]

7. Future of 3d Printing in Medicine

Medicine of the future will be increasingly digital,
personalized, and sustainable, and 3D printing in
healthcare is one of the key technologies driving this
transformation.

The future of 3D printing in the medical sector promises
exciting developments and significant changes in how
pharmaceuticals are developed, produced, and distributed.
The future is almost here; it is already improving patient care
by enabling bespoke solutions to complex anatomical
problems, with demonstrated benefits in accuracy and
operative efficiency ['8 11,

As the technology becomes more accessible and cost-
effective, 3D printing could be routinely used in hospitals and
clinics for on-demand manufacturing of drugs, especially for
urgent, rare, or discontinued medications. As technology and
standards advance, 3D printing will likely play an even
greater role in the design and delivery of healthcare solutions.
The integration of artificial intelligence (Al) in the
pharmaceutical industry has progressed remarkably over the
past few decades, revolutionizing drug discovery,
development, and personalized Medicine. It could improve
drug design, formulation optimization, and production
efficiency. As Al becomes an indispensable tool in
pharmaceutical research, ongoing collaboration among
researchers, clinicians, industry stakeholders, and regulatory
bodies is essential for navigating these challenges.

Future directions should include rigorous clinical trials to
assess clinical impact, the development of next-generation
biomaterials (e.g., bioactive ceramics, resorbable metals),
and the integration of bio-printed tissues. As this field grows,
surgical teams must stay informed and engage with engineers
to realize the full potential of personalized, 3D-printed
surgical devices [,

8. Conclusion

3D printing or additive manufacturing has emerged as a
revolutionary technology in Medicine. It is revolutionizing
the field of Medicine by providing innovative solutions in
prosthetics, implants, surgical planning, bioprinting, and
pharmaceuticals. It is shifting away from traditional mass
production toward the creation of customized, patient-
specific medications. The integration of 3D printing in drug
formulation plays a crucial role in improving medication
adherence and therapeutic efficacy in these vulnerable
groups. 3D printing is steadily becoming a practical tool
across many areas of Medicine. Its ability to support
personalization, speed development, and improve
preparation has a real-world impact on patient outcomes. This
emerging field of 3D printing encompasses image
processing, manufacturing, and fabrication for the modelling,
design, simulation, and fabrication of biological tissue and
organ substitutes 2!,

Medical 3D printing is a branch of additive manufacturing
applied to the health sector.

It involves the use of computer-aided design (CAD) and 3D
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printing to create intricate, precise medical devices, implants,
anatomical models, and even pharmaceuticals. This
technology  enables the creation of anatomical
models, prosthetics, implants, and surgical tools tailored to
each patient. The future of 3D printing in Medicine appears
promising. More information about 3D printing technology
in the medical industry can be found in the books 1?23 and
the following related journal: Annals of 3D Printed Medicine
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