
INTRODUCTION
The advent of woodblock printing in the 15th century and the 
subsequent printing industry changed the pace and ability to 
work with text and images to print and present information. 
The invention of the printing press led to changes in education, 
politics, religion and language around the world. Printing 
technology has undergone significant changes in the last few 
years, moving from two-dimensional (2D) printing to the 
additive process of building objects in three dimensions (3D) 
by building them up in layers.1,2 Complex 3D printing is used 
to produce household items such as jewelry, bicycle parts 

and electronics. It is also used to increase productivity and 
efficiency in many industries. In addition to its applications 
in manufacturing and consumer goods, 3D printing is 
also revolutionizing research and education. For example, 
anthropologists and archaeologists are creating replicas 
of rare objects or fossils that are easy to transport, share, 
and distribute. It is also referred to as a psychoneurotic 
disorder, and its symptoms include cognitive and practical 
hopelessness, depression, and emotional distress technology. 
Other symptoms include trouble understanding, loss of 
focus, eating disorders, fatigue, and feelings of desperation, 
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depression, and suicidal thoughts.3 It is a common condition 
that happens frequently and has a high frequency and severity.4 
Just as Watson and Crick used lump-and-sum models to 
explain the structure of DNA, 3D printing is now being 
used to create self-diagnostic devices and simulate complex 
molecular and protein interactions.5-7 With 3D printing, 
students can now create, visualize, manipulate, and test their 
ideas in a real-world environment8. In 1986, Charles W. Hull 
published the first report on 3D printing. Using a process he 
called “stereolithography,” three-dimensional objects are 
created by printing a thin layer of UV-curable material9. This 
method is then used to make sacrificial resin molds and create 
three-dimensional scaffolds containing biological materials. 
Biomaterials (with or without testicles) can be printed directly 
onto three-dimensional scaffolds for transplantation, and a 
technology that does not require water-based solvents has 
been developed10. Interestingly, as technology advances, 
3D printers11 are becoming increasingly popular. Average 
prices and domestic demand for 3D printers are increasing. 
However, the knowledge required to print 3D objects is 
insufficient. In fact, both printed and digital documents require 
skilled workers. In addition, there has been an increase in the 
commercial use of 3D printers in the automotive industry 
and aerospace engineering, as well as in other industries. 
For example, relocation of production sites in the aerospace 
and automotive sectors increases economies of scale. 3D 
printing, which uses computer-aided design techniques and 
programming, is a unique technology that creates three-
dimensional objects by depositing material onto a substrate.12 
The majority of authorized pharmaceutical goods are produced 
and sold with traditional manufacturing techniques, sometimes 
referred to as subtractive manufacturing techniques.13 These 
technological advancements comprise the production of 
medication in large quantities with restricted several fixed 
strengths, making it unsuitable for customized medical care.14 
Three-dimensional (3D) printing technology Urine has been 
used to create different types of drug delivery systems, such as 
rapid-acting tablets, oral contraceptives, pellets, microchips, 
implants, and multiphase-release doses.15

Approaches in 3D Bioprinting
Building blocks for the three are mini-tissue, autonomous 
self-assembly, and biomimicry, the main strategies that form 
the foundation of 3D bioprinting. 
Biological Modelling
Numerous technical issues, such as those involving air travel,16 
materials science,17 cell culture,18 and nanotechnology, have 
been addressed by biologically inspired engineering. It can be 
applied to 3D bioprinting to produce vascular tree branching 
patterns, medically precise replicas of the extracellular and 
cellular components of tissue or organ,19 and biomaterial kinds 
and gradients. For this technique to work, biological tissues 
must be able to be replicated on a microscale. Therefore, it is 
essential to comprehend the microenvironment. Understanding 
the exact structure of supporting and functional. To do this, 

a variety of factors, including cell types, gradients of soluble 
and insoluble materials, the makeup of the extracellular 
matrix (ECM), and the characteristics of the biological forces 
that inhabit it, are required. Basic research in the domains of 
engineering, imaging, biomaterials, cell biology, biophysics, 
and medicine can be used to create this knowledge foundation 
will be essential to the plan’s success.
Self-governing Assembly
Observing how organs develop in embryos is another way to 
simulate organic tissues to achieve the ideal biological micro-
architecture and function. The early cellular components of 
a developing tissue produce their own extracellular matrix 
(ECM) components, suitable cell signalling, and autonomous 
organization, and patterning.20,21 This method also exists in a 
“scaffold-free” form that fuses and organizes cells cellularly to 
mimic growing tissues using self-assembling cellular spheroids. 
The cell, the principal initiator of histogenesis, controls the 
structure, content, location, and functional characteristics of 
the tissue—all essential for autonomous self-assembly.22,23 
One must be able to control the surrounding environment 
and possess a thorough understanding of the developmental 
mechanisms underlying the genesis and organogenesis of 
embryonic tissues in order to activate embryonic processes 
in tissues used in bioprinters.
Small Tissues
Both of the above 3D bioprinting technologies make use of 
the notion of mini-tissues. Mini-tissues are the minuscule, 
functional building pieces that makeup organs and tissues.24,25 
One can use rational design, self-assembly, or both techniques 
to develop and assemble mini-tissues into a bigger construct. 
There are primarily two approaches: Originally, a microtissue 
is created by self-assembling cell spheres that mimic miniature 
tissues and are constructed using a structure and design 
influenced by biology. Second, following precise and highly 
resolved replication, a tissue unit is permitted to self-assemble 
into a functioning microtissue. Among these methods is the 
development of “organs-on-a-chip,” which are employed 
in drug and vaccine screening as well as in vitro disease 
models. These microfluidic networks sustain and connect the 
“organs on a chip.” This is achieved by using 3D bioprinting to 
accurately replicate functional tissue units. Another example of 
these methods is the self-assembly of vascular building blocks 
to form branched vascular networks26,27. The Benefits and 
drawbacks of pharmaceutical 3D bioprinting are mentioned 
in Table 1.
3D Printing Applications
There are numerous industries where technology for 3D 
printing is being applied. Figure 1 illustrates the many 
applications of 3D printing, including research, creative works, 
demonstration models, spare parts, and working models.
Construction
Ten one-story homes may be constructed in a single day in 
China, a procedure that can take several weeks or months to 
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finish. Therefore, compared to more conventional building 
methods, 3D printing offers a faster, safer, and more affordable 
solution. A quartet of enormous 3D printers produced Shanghai 
mansions are used by WinSun Decoration Design Engineering. 
Cement and construction waste were mixed together and 
applied layer by layer to construct the walls. The dwellings 
measure 10 meters in width and 6.6 meters in height28. 
Medicinal Purpose

Hearing aids
Hearing aids are manufactured with the aid of technology for 
3D printing.
Bio-printers
Some organs and body parts that are printed are being utilized 
as implants for real human parts. A few examples of printed 
body parts are plastic tracheal splints, titanium jaws, and 
titanium pelvic implants. To be used in drug testing, human 
tissue, including maybe entire organs and bones, can really be 
printed using modern bio printers29. 
Digital dentistry
People are able to get customized teeth thanks to 3D 
printing30. The process is getting quicker and easier with the 
development of dental implants for the general public. These 
days, individuals of the same age may have varying tooth 
sizes, which is problematic for people who wear poorly fitting 
artificial teeth. Thanks to customized implants, customers 

may now, at last, have teeth that are tailored to them, which 
is a great relief.
Prosthetics
Teeth are being customized for individuals using 3D 
printing30. The process is becoming quicker and easier with 
the mass manufacture of dental implants. People today may 
have varying tooth sizes even though they are the same age. 
Prosthetics have been extremely beneficial to those with 
impairments; Oscar Pistorius, the Paralympic champion, is 
only one well-known example. Oscar Pistorius kept running 
despite having his legs amputated when he was a toddler, 
especially during the Olympics.
Bionics
Researchers at Princeton and John Hopkins have developed a 
three-dimensional bionic ear. Electronics are used to conduct 
the hearing. This development in hearing may help the deaf.
Synthetic organs
The production of stem cells using additive manufacturing 
has created new opportunities for the printing of artificial 
organs, even though a large portion of the research is still in 
the experimental stage. Heriot-Watt University researchers, for 
instance, used 3D printing to produce clusters of embryonic 
stem cells. Our cosmos fills with possibilities, one of which is 
the ability to build real, working artificial organs.31

Manufacturing
A period of quick production has been ushered in by 3D 
printing. It is now possible to get directly to the final product 
and bypass the prototyping stage. Parts for vehicles and aircraft 
are produced using 3D printing technology. The value chain 
is benefiting greatly from the quick and efficient printing of 
parts.32 
Use in the home
At-home 3D printers can be used to create tiny, decorative 
items like necklaces and rings. Additionally, you can create 
tiny plastic toys at home. Goods will be printable at home for 
consumers, without having to depend on retail places in the 
future.33

Academia 
Now incorporated within the program is 3D printing. 
Printed molecular models and plastic gears34 are examples of 

Table 1: Benefits and drawbacks of pharmaceutical 3D bioprinting

S. No Benefits Drawbacks
1. Drug Formulation and Delivery Complexity and technical challenges
2. High-throughput screening Cost and scalability
3. Disease modeling Biocompatibility and safety
4. Personalized medicine Regulatory hurdles
5. Reduced animal testing Ethical considerations
6. Combination therapies Limited understanding of biological processes
7. Drug repurposing Standardization and reproducibility 
8. Regulatory compliance Long-term stability and functionality

Figure 1: 3D printing applications
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applications. The opportunity for students to print own three-
dimensional prototype models helps them learn. Students learn 
more effectively when concepts are demonstrated practically. 
Benefits
The benefits of 3D printing include the following:
Time
Unlike traditional manufacturing, when the final product has 
to be assembled from various parts, a 3D item can be printed 
directly. Businesses can produce working models with three-
dimensional printing in a couple of hours as opposed to days 
or weeks.35,36

Lower cost
In China, ten one-story houses may be constructed for less 
than $5,000 apiece. The cost of building a comparable house 
would be far more than planned.
Efficiency
Prototyping is now far quicker and easier thanks to 3D printing 
technology.
Reliable
The 3D models can be made with a variety of materials. 
Prototypes and creating models for a range of projects across 
a wide range of sectors are made easier as a result. 
Durable products produced
The objects have a longer lifespan because they don’t deform 
or absorb moisture over time.
Quality
Superior surface-finish products are generated.
Functional models
Working with paper or digital models is not as efficient as 
producing real-time, functional models. There is a production 
of more realistic goods.
Challenges in 3D printing Systems
•	 Despite medication delivery, however promise is still in 

its infancy.
•	 Flexibility, selecting the right excipient, and post-treatment 

techniques are only a few of the obstacles that must be 
overcome in order to help enhance 3D printed products 
and expand the use of cutting-edge medication delivery 
technologies.

•	 The inherent flexibility and safety risk of 3D printing may 
be one of the primary advantages of redesigning with this 
technology.

•	 The primary parameters, including printing layer lengths, 
printing rate, passes, and print head line velocity, nozzles, 
and powder layer distance, must be adjusted in order to 
improve the quality of 3D printing.

Risk assessments during 3D printing process
Evaluating the risk is the most crucial phase in 3D printing 
technology. The approach’s primary goal was to prevent 
mistakes in quality assurance procedures like assay, consistency 
of composition, and appearance. To preserve the quality of the 

products produced in industries, risk considerations are taken 
into consideration in addition to process and process variables.
The following conditions are examined for risk factors
•	 If a certain printer is unable to print a specific design, 

software controls ought to be used.
•	 Monitoring Controlling layer thickness fluctuation requires 

monitoring layer thickness in real time.
•	 Incorrect layering resulted from adjusting the tem-

perature and moisture content of the production site; 
this was mostly the result of fluctuating meteorological 
conditions.

•	 Print head height and speed monitoring can aid in avoiding 
inappropriate installation within the printer, which may 
result in wrong positioning when printing.

•	 Monitoring the water content and the distribution of powder 
molecule sizes will aid in preventing uneven layers.

•	 By monitoring inkjet flow and making sure the particle size 
distribution is maintained, print head obstruction can be 
reduced or eliminated entirely.

•	 Inconsistent agglomeration is brought on by changes in the 
surface tension or viscosity of the binder. 

Methods for 3D Printing:
To create free geometries, 3D printinguses multiple manu-
facturing processes based on the layer-by-layer build-up of 
digitally ordered materials.
Thermal Printing using Inkjet
In thermal inkjet printing, heat causes the aqueous ink solution 
to evaporate, expanding to propel an ink drop out of a nozzle.37 
It is used to make coatings for microelectrode array patterning, 
drug-eluting stents, drug-loaded liposomes, and drug-loaded 
biodegradable microspheres.38,39

Additionally, it is a useful and efficient method of producing 
biological film without sacrificing protein activity. 
Inkjet Printing
The “mask-less” or “tool-less” method of the movement of 
the substrate or the inkjet nozzle40 is primarily responsible 
for the precise and reliable construction of structures in inkjet 
printing. This method applies ink to a substrate by means of 
continuous or drop-on-demand inkjet printing. It thus provides 
printing that is of outstanding quality. It is reasonably priced, 
prints slowly, and generates minimal trash. It processes 
material over large regions with minimal contamination and 
offers ‘direct-write’ CAD information41,42.
Combined Deposition Modelling
Fused deposition modeling (FDM) is a common technique in 
3D printing that uses thermal melting or softening of materials 
to create objects.43 3D printing of fused deposition modeling 
also enables customized drug dosage and delayed-release 
outputs without the need for another enteric layer. Drug release 
is slow and often ineffective; drugs remain in the polymer 
material, and there is no suitable polymer.44 Miscalculation of 
chemicals and miscibility of polymers and additives are just 
some of the limitations of 3D printing.
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3D Printing by Extrusion
With this method, since the material is extruded directly into 
the material from the nozzle that is automated, no additional 
support material is needed. It is exclusively utilized in the 
production of expectorant-containing guaifenesin tablets. 
Polymers that are molten, pastes, suspensions, and semisolids 
can all be extruded.45,46

Zip Dose
The first and only 3D printing approved by the FDA for use 
in clinical practice is currently commercially available, zip 
dose. It is used in high-dose, rapidly disintegrating tablet 
formulations and features a unique digitally coded stacking 
and zero-compression approach. Therefore, it will help reduce 
dysphagia.47 Aprecia Pharmaceuticals markets the anti-rabies 
drug Spritam-R, a tablet matrix containing active ingredients, 
excipients and a binder48. The tablet is dispersible oral, and 
utilizes powder bed fusion and layer-by-layer manufacturing 
methods.
The 3D Printing History
The initiation of 3D printing
Hideo Kodama of the Nagoya Industrial Research Center 
in Japan was one of the first to develop a rapid prototyping 
process using lasers49. He filed a patent for the concept in 
1980, but the Japanese patent system never pursued it. His 
work on developing techniques for creating three-dimensional 
models on their own with photosensitive resin and UV light, 
controlling the UV source’s exposure with a mask, was 
documented in articles. He described thin photopolymer 
layer50 sequential hardening processes, which are important 
stages in the development of technology that would later 
be referred to as stereolithography (SLA). Charles Hull 
created stereolithography in 1984. In 1986, he received a 
stereolithography patent that included instructions on how 
to use UV light to harden liquid polymers and produce 3D 
model cross-sections51. This technique created each layer on 
top of the other by using digital data and a laser beam that was 
controlled by a computer. Subsequently, Hull established 3D 
Systems, which subsequently manufactured and distributed 
stereolithography apparatus. In 1988,52,53 3D Systems created 
the first SLA printer for commercial use. University of Texas 
undergraduate student Carl Deckard developed selective laser 
sintering (SLS) technology around the same time that Hull 
filed for his SLA patent SLS’s54 primary technology was the 
laser-assisted selective solidification of powder. 

Deckard later founded a company called Desktop 
Manufacturing Corporation (DTM Corp), which began 
manufacturing SLS printers in 1992. According to a patent 
application, Fused deposition modeling (FDM) rapid 
prototyping technology involves heating plastic or metal and 
expelling it through a nozzle. Stratasys was founded in 1989 by 
Lisa Crump of S. Scott Computer, using pre-designed systems 
to manage deposits. Each layer is kept at a specific temperature 
to demonstrate the interaction between the layers. Stratasys is 
the ultimate manufacturer of printing machines and equipment 
for 3D printing.

Later in 1989, Hans Langer established Electro Optical Systems 
(EOS) in Germany, focusing on the production of three-
dimensional components directly from computer design models 
through the technique of direct metal laser sintering. The metal 
powder was exposed to selective laser irradiation using this 
liquid phase sintering technique55. EOS is renowned for its 
industrial prototyping and sold its first stereo system in 1994. 
EOS acquired ownership of all DTM patents related to laser 
sintering in 200456. Several more 3D printing methods were 
being researched in the early 1990s. William Masters invented 
a process called “Ballistic Particle Manufacturing,” which 
projected molten wax microdroplets from a jet traveling in a 
XeY plane to create thin sections across. To enable the addition 
of each layer of the three-dimensional object, the fixed platform 
moved in the Z-axis.57 In 1995, Michael Feygin submitted a 
patent application for the manufacturing of laminated items. 
The procedure involved using a computerized 3D model as a 
guide to automatically cut cross-sectional slices out of sheet 
material. After that, the slices were joined and piled to create a 
solid piece. But Feygin’s business, Helisys Inc., failed quickly 
as a result of money problems58. Itzchak Pomerantz pioneered 
solid ground curing, which selectively exposed photocurable 
resin layers using an optical mask method. After that, the 
remaining liquid was drained and replenished with ground 
wax, which created a flat surface for layer.59

The business application of 3D printing
Statasys’s patent on FDM technology expired in or around 
2005. As a result, two open-source 3D printer projects were 
launched: Fab@Home and the RepRap Movement. Both 
projects aimed to create and manufacture 3D printer designs 
that were within the means of a larger group of customers. 
Senior mechanical engineering lecturer Adrian Bowyer 
founded the RepRap movement and launched an open-source 
project to construct a 3D printer using fused deposition 
modeling (FDM) technology. Bowyer created the schematics 
needed to create a quick, autonomous prototype. He invited 
individuals to share their enhanced versions of these designs 
online. Darwin, the first printer, was introduced in 2007, and 
Mandel, the second, in 2009. The plastic parts for the printer 
might be made by anyone who gets these files, and any hardware 
shop should ideally provide the essential metal parts. These 
early printers weren’t always dependable and were challenging 
to assemble. After Czech inventor Josef Prusa debuted his own 
creation, the Prusa Mendel, in 2010, faster printer versions 
could be made. Eventually, the objective shifted to developing 
extensive yet user-friendly printer packages. Dr. Hod Lipson, 
a Cornell University assistant professor of mechanical and 
aeronautical engineering, and PhD candidate Evan Malone 
founded Fab@Home.60 Its straightforward, inexpensive design 
was based on solid free-form manufacturing, and it printed 
numerous materials at once using a deposition method based 
on multiple syringes.61 They created an online user forum to 
facilitate user discussions and an online website featuring 
downloadable software and detailed instructions to foster 
community expansion. In the first six months of its launch, 
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the website received over 4.3 million requests for pages from 
more than 150,000 servers. Among many other things, this 
technique made it possible to print cheese, chocolate, batteries, 
and conductive wires. To enable elementary schools to use 3D 
printers and build products like play-doh62, one such project 
was developed, called Fab@School. 2012 saw the conclusion 
of the Fab@Home initiative as its goal was reached and 3D 
printers were widely available to the public. 
Transformation process and material used
The process of creating the specific model modifies the 
materials’ uniformity when utilized in 3D printing. This 
process, called “cure,” can be completed in one of three ways: 
by powder solidification, by liquid solidification to develop the 
structure, or by melting a stiff filament, the material deforms 
to give the model the correct shape. In lattice systems, filler 
or support material is required for all of these procedures in 
order to prevent model distortion during the curing process. 
While it is possible to manually remove the support material 
with a cutting tool, there is a possibility that this will leave 
surface impressions that will require additional polishing 
in order to yield a high-quality print. There is an extremely 
high probability of damaging the model63, violating the 
geometry, or missing features. The choice of 3D printing 
technique, printer, and model parameters are all intimately 
tied to the proper selection of materials. In the realm of 
medical applications, distinct anatomical aspects necessitate 
diverse mechanical characteristics of the materials to meet 
the printed product’s critical performance requirements.64 
The easiest biological tissue to create in 3D printing is bone 
tissue because most materials utilized in this process are rigid. 
Examples of materials used to create bone models Materials 
used in 3D printing include acrylonitrile butadiene styrene 
(ABS), hydroquinone, and gypsum powder.65 More research is 
needed in tissue engineering to bridge the gap between human 
models and 3D-published anatomical representation. Most 3D 
printing materials cannot mimic human tissue. After finishing, 
the printed pattern must be treated to make it softer. Some 
examples include cartilage the, valve replacement surgeries, 
and hepatic section, hearts, arteries used in. The creation of 
3D-printed brain aneurysms is an interesting example. This is 
thanks to the transfer of TangoPlusTM photopolymer, which 
is also a useful tool in tissue surgery to treat heart diseases. 
Furthermore, polyurethane and rubber-like materials combined 
with brittle photopolymers can simulate arterial formation due 
to the Shore effect and physiologically similar elastic properties. 
There is no product on the market as of now that can produce 
tissue and living tissue, there seems to be a future for multi-
materials for 3D printing of the same human tissue. The ability 
of biomaterials to act as artificial components of human tissue 
can be used to create composite materials. Mechanical testing 
can be an important tool to evaluate biomechanical response 
and to use artificial devices. The possibility of replacing plant 
material with 3D printing is important, but further research is 
needed to compare the material and its structure with normal 
production, especially regarding fatigue.

Other applications of 3D printing in pharmacy66-69

Nanotechnology integration
One of the most interesting new directions in 3D printing is 
the application of nanotechnology to pharmaceuticals. By 
incorporating nanoparticles into 3D-printed dosage forms, 
researchers can enhance medication solubility, improve 
bioavailability, and facilitate targeted drug administration to 
specific areas inside the body. Nanoparticles are of small size 
and large surface area that can exploit their special properties 
for example, improved cellular absorption, decrease in systemic 
toxicity and delay in release kinetics. This allowed using 3D 
printing techniques to develop personalized manufacturing 
processes for the drug delivery systems whereby exact control 
is put on how and when nanoparticles are liberated from dosage 
forms. For transdermal drug delivery, researchers for example, 
have successfully made up 3D-printed microneedle patches 
with drug-loaded nanoparticles implanted in them. 
Innovations in combination therapy
Although 3D printing is rather new to some pharmaceutical 
companies, it has already been applied in various ways 
such as for producing combination therapy packages. It 
accomplishes this by allowing for the mixing of drugs into a 
single dosage form, thus improving patient compliance with 
these medications, thereby enhancing their adherence as well 
as reducing the resistance developed by some parasites at 
different points across the body systems or types of diseases. 
Additionally, it can be employed for manufacturing complex 
dosage units that have drug compartments or layers that 
release their contents at different rates or are triggered upon 
demand. With this technique, a dose can be precisely repeated 
over time and drug administration can be tailored to suit the 
needs of an individual. Furthermore, 3D printing enables 
various formulations of the same drug to exist in one single 
dosage form, including those with delayed release properties, 
modified release properties, and immediate release properties, 
among others. This feature has led to the development of 
personalized combination therapy products that effectively 
manage infections, neoplasms and other non-communicable 
diseases.
Bioprinting for personalized medicine
3D bioprinting technology, which uses bioinks formed of cells 
and biomaterials in the production of bioartificial structures, 
has made great strides in the last few years. Although still 
young, bioprinting has shown many applications in tissue 
engineering, regenerative medicine and drug screening in 
personalized medicine. Pharmaceutical scientists are now 
looking into a time when pharmaceutical companies will rely 
on these printed tissues to do their clinical testing rather than 
predict their effectiveness or toxicity through cell cultures 
like they currently do. There are also custom-made grafts 
that can be produced through bioprinting for transplantation 
purposes, targeted medicine tests and disease modeling. It 
should be noted lastly that advanced drug delivery technologies 
sprung from the combination of bio-printed tissues with 
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regular pharmaceutical forms, accurately reproducing the 
physiological complexities existing within human body 
systems. Scaffolds or three-dimensional printed drug matrices 
that bear bio-printed tissues make it possible to model real 
anatomy that would allow one to analyze processes such as 
the distribution, absorption or metabolism of drugs as well 
as the elimination of medicines from an organism altogether.
On demand production of medicines by using 3D printing
One reason why traditional pharmaceutical manufacturing 
relies heavily on mass production is because of mass production 
often leads to wasteful output, excess stock and inefficiency in 
the supply chain. In contrast, pharmacists using 3D printing can 
be able to synthesize drugs exactly when they are required. As 
a result, this minimizes the chances of shortages in medication, 
minimizes needs for storage space; and also makes it more 
sustainable than before.
Flexibility and customization
The manufacturing of pharmaceuticals in a conventional 
manner comprises the production of basic medicines on a large 
scale which consequently produces extra stocks and reduces 
the variations in dosages. On-demand synthesis through 3D 
printing enables the pharmacist to customize drugs based on 
patient’s unique needs by varying their compositions, shapes, 
and doses instantly. Such customization allows for personalized 
approaches toward treatment, taking into consideration various 
factors, including age, weight, health status and any drug 
sensitivities that an individual may have.
Reduce waste and overstock
Usually, the production in bulk leads to more than enough 
stocks, drug expiry and garbage as a result of alteration in 
the patient’s prescriptions or treatment plans. So as to avoid 
such inefficiencies and reduce the chance of overstocking or 
obsolescence, medicines are produced only when they are 
needed. Therefore, medication management is made easier 
for pharmacies, which consequently reduces their costs and 
increases profit margins.
Improved supply chain resilience
Disruptions in regular pharmaceutical supply chains, like 
global television delays, climate catastrophes, or erratic 
geopolitical situations, could threaten drug shortages and 
patient care. A decentralizing manufacturing system calls for 
on-demand production, which reduces the need for centralized 
production plants and transportation over long distances. 
This distributed approach fortifies the distribution chain and 
guarantees that essential medicines are available all the time, 
particularly in times of emergencies or any other crises.
Enhanced medication accessibility
On-demand manufacturing offers a lifeline in impoverished 
or distant areas with limited access to pharmacies and 
medical facilities by bringing medicine manufacturing closer 
to patients. With the use of 3D printers, mobile pharmacies 
and community health centers can generate essential 
pharmaceuticals on-site, eliminating the logistical challenges 

associated with traditional distribution systems. This localized 
strategy improves drug accessibility and fosters health equity 
by addressing gaps in healthcare access.
Patient specific medication forms
Adhering to medication schedules is one of the main problems 
being faced by the healthcare industry at this time. Patients 
may accept and stick to their prescriptions through 3D printing 
by producing forms that are personalized in accordance with 
individual preferences for them. In order to meet the distinct 
demands of their patients, pharmacists can use 3D printing to 
create different types of dosage forms like chewable or orally 
dissolving drugs or change the size, shape or taste of pills.
Dose adjustment
The amount of medication needed by an individual is 
generally different and varies from one patient to another. 
For instance, as a result of differences in body size, children 
prefer much smaller doses than their parents but older people 
or those suffering from kidney disorders need variation in 
dosages based on biological factors. Through the use of 3D 
printing techniques, pharmacists may precisely adjust the 
amount of medicines to be administered to patients resulting 
in more desirable therapeutic impact and reduced chances of 
overdosing or underdosing pills.
Rapid prototyping in 3D printing
Repetitive Creation: Through expediting the iterative design 
procedure, 3D printing permits swift testing of models on 
medicine and medical devices. This way, researchers can go 
through designs quickly, make trials of prototypes, and give 
them to stakeholders who will provide their comments that can 
enhance performance and further develop the product ideas in 
terms of technological functionality.
Cost effective validation
The traditional methods of prototyping, including CNC 
machining or injection molding, are frequently both costly and 
time-consuming. Functional prototypes can be manufactured 
at lower costs and faster with reduced development outlays by 
using 3D printing technology. The price is especially suitable 
for small-scale research projects that have limited funding or 
start-ups in their early stages.
Functional testing
By using 3D-printed prototypes, they are able to test the real-
life performance and efficiency of these devices. With the 
help of realistic use cases, researchers can eliminate design 
weaknesses, enhance product functionalities and ensure 
adherence to rules before they move into the mass production 
phase.
Collaborative innovations
Three-dimensional printing encourages cooperative manu-
facturing because it allows for quick prototyping of ideas and 
remote sharing of digital design files. By enabling researchers, 
physicians, and industrial partners across regions to collaborate 
easily, the pharmaceutical and medical device sectors will gain 
from faster innovation and knowledge transfer.
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Customized paediatric dosage form
Usually it is hard for children to take medicines because of 
few available appropriate dosage forms. Pharmacies can offer 
personalized dispensing functionalities for pediatric patients 
using 3D printing, which takes into consideration factors such 
as taste preference, dosage strength and ease of use. These 
formulations for children enhance medication acceptance and 
adherence leading to improved health results among young 
ones.
3D printed surgical tools and drug delivery system
Pharmaceutical formulations are not the only area where 
pharmacy organizations can apply 3D printing technology for 
developing customized surgical equipment and drug delivery 
systems. They can produce highly individualized products 
that improve patient outcomes in many therapeutic situations, 
lead to less tissue damage and enhance accuracy through 3D 
printing processes. Some examples of such products include 
patient-specific surgical guides and implantable drug-eluting 
devices.

DISCUSSION
Drug production and personalized medicines are a few of 
the applications of three-dimensional printing technology 
that excite healthcare professionals. Previously, we only 
concentrated on manufacturing drugs in bulk. This meant 
there was no allowance for variations in mode of action or drug 
manufacturing methods as well as drug distribution channels. 
3-D printing changes that by enabling a rapid release of drugs 
or dose adjustments that are important when precision is a 
matter of life and death, for instance, in cancer treatment. In 
addition, advanced delivery systems that were previously too 
complicated or impossible to make can now be produced with 
ease. Isn’t that amazing? Additionally, 3D printers enable one 
to design medications having distinct shapes and arrangements 
thus allowing their movement to specific sites within the 
body without any hindrance. The f lexibility implies this 
technology will allow for the birth of new ways of creating and 
administering these agents. We could have things like implants, 
tiny particles, or even combinations of drugs all in one piece. 
In addition, there is more. Furthermore, 3D printing has 
been found to be beneficial even in Research & Development 
(R&D) initiatives geared towards pharmaceuticals aside from 
being advantageous to patients. It enables rapid testing by 
researchers without anyone realizing it; therefore, experiments 
become more intense and reveal more accurate findings than 
ever before.

CONCLUSION
3D printing in pharmacy is undeniably fascinating, it is like 
a leap forward in the way we view drugs. This incredible 
technology helps create complex drug delivery systems. Such 
systems could not only help patients recover from illness but 
also aid patient adherence to medication regimens. Medications 
can even be tailored to individual patients; it’s just so amazing, 
and however, there are still some rough patches along the 

way. Issues such as standardization and regulation remain 
unresolved. But fret not; researchers are tirelessly working on it. 
In the future, we will likely see more frequent occurrences 
of 3D printing being utilized in pharmaceutical production 
processes. The advantages are enormous-improved outcomes, 
lower costs and increased accessibility for all. Therefore, 
this technology has great significance for health care in the 
coming years.
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