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Abstract: 3D printing, also known as additive manufacturing, is an advanced technology used to
manufacture three-dimensional pharmaceutical products layer by layer. Technology has revolutionized
pharmaceutical sciences by enabling personalized medicines, controlled drug delivery systems, polypills,
fast dissolving tablets, and advanced healthcare products. Various printing techniques such as binder
deposition, material jetting, extrusion-based printing, powder bed fusion, and photo-polymerization have
been successfully utilized for pharmaceutical manufacturing. The technology offers advantages including
improved dosage accuracy, enhanced patient compliance, reduced material wastage, and customized
drug release profiles. Furthermore, 3D printing has expanded into tissue engineering, bio-printing,
regenerative medicine, and artificial organ development. Despite certain limitations such as high
equipment costs and regulatory challenges, continuous advancements in technology are expected to
increase its pharmaceutical and medical applications.
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I. INTRODUCTION
Three-dimensional printing (3D printing), commonly referred to as additive manufacturing, is a process in which
objects are fabricated layer by layer from a digital model. Unlike conventional manufacturing methods that involve
cutting, drilling, or molding, 3D printing constructs objects by depositing materials only where required. This approach
reduces material wastage and allows the production of complex geometrical structures with high precision.

In pharmaceutical sciences, 3D printing has emerged as a revolutionary technology capable of transforming drug
development and manufacturing processes. The technology enables preparation of patient-specific medicines,
customized dosage forms, and controlled drug delivery systems. By modifying the geometry, size, and composition of
pharmaceutical products, drug release characteristics can be accurately controlled according to therapeutic
requirements.

The approval of Spritam® by the United States Food and Drug Administration (FDA) in 2015 marked a significant
milestone in pharmaceutical 3D printing. Since then, researchers have focused on developing advanced dosage forms,
polypills, fast dissolving tablets, and bio- printed tissues.

I1. HISTORY OF 3D PRINTING
The history of 3D printing began in 1981 when Hideo Kodama introduced rapid prototyping technology. In 1984,
Charles Hull developed stereolithography (SLA), which laid the foundation for modern additive manufacturing. During
the late 1980s and 1990s, several advanced printing technologies such as Selective Laser Sintering (SLS) and Fused
Deposition Modeling (FDM) were introduced.

Copyright to IJARSCT [=] 303

www.ijarsct.co.in

Y [E] DOI: 10.48175/IJARSCT-36230

[ 2581-0429 |3

&\ IJARSCT /¥
R <




X%

IJ ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429

IJARSCT

International Journal of Advanced Research in Science, Communication and Technology \

Volume 6, Issue 1, June 2026 Impact Factor: 8.2

The pharmaceutical application of 3D printing gained significant attention after the approval of Spritam® in 2015. It
was the first commercially available 3D printed drug and demonstrated the potential of additive manufacturing in
pharmaceutical production.

III. BASIC PRINCIPLE OF 3D PRINTING

3D printing is based on the principle of additive manufacturing, where objects are produced by depositing materials
layer by layer according to a digital design. The process begins with the creation of a three-dimensional model using
Computer-Aided Design (CAD) software.

The CAD model is converted into a Standard Tessellation Language (STL) file. The STL file is sliced into multiple thin
layers using specialized software. The printer reads these instructions and deposits material layer by layer until the final
product is formed.

After printing, post-processing operations such as drying, curing, polishing, or sterilization may be performed
depending on the intended pharmaceutical application.

Steps Involved in 3D Printing:

CAD Design
STL Conversion
Slicing

Material Loading
Printing Process
Post Processin

How 3D Printing Works

STEP BY STEP

*SLICE' YOUR
3D MODEL
Using software known
as a "slicer’ your 3D

—— nadal i
—— is turned into
hundreds of 2D layers.

STEP 3

IT STARTS
WITH AN IDEA

You might have a great
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3D printing could be
the answer to make it
a reality quickly and
cheaply.

3D PRINTING
TIME

The printer now uses
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extrude each of the
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one other and create

your finished part.

CREATE A
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create your 3D part.
Consider talking to an
expert as your design
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Figure 1. Basic Procedure of 3D Printing
IV. MATERIALS USED IN PHARMACEUTICAL 3D PRINTING

Various pharmaceutical materials are used in 3D printing depending on the dosage form, printing technique, and
desired drug release characteristics. These materials provide mechanical strength, stability, flexibility, and controlled
drug release.
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Common Materials:
*  Hydroxypropyl Methylcellulose (HPMC)
*  Polyvinyl Alcohol (PVA)
* Polyethylene Glycol (PEG)
¢ Polyvinylpyrrolidone (PVP)
* Hydrogels

* Lipids
These materials play a significant role in determining the quality, stability, and effectiveness of pharmaceutical dosage
forms.

V. PHARMACEUTICAL 3D PRINTING TECHNIQUES
Several 3D printing techniques have been developed for pharmaceutical manufacturing. Each technique offers unique
advantages depending on the dosage form and therapeutic application.

5.1 Binder Deposition Method

Binder deposition is one of the earliest pharmaceutical 3D printing techniques. In this method, a liquid binder is
selectively sprayed onto a powder bed. The binder joins powder particles together, forming the desired structure layer
by layer.

Advantages:

* Simple process

* Suitable for porous tablets
* Fast manufacturing

Applications:
* Fast dissolving tablets

* Oral dosage forms
Powder blend fi
iirotaformation,
applied layer by layer
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Virgin layer of powder
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Figure 2. 3D Printing Process Using Binder Deposition Method

5.2 Material Jetting Method
Material jetting involves deposition of tiny droplets of liquid material onto a platform. The droplets solidify
immediately after deposition, creating highly precise structures.
Advantages:

* High resolution

* Excellent accuracy

*  Smooth surface finish
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Applications:

*  Personalized medicines
* Complex dosage forms

Droplets of build material
selectively jetted onto a
build bed

UV curing light
[optional]

Build Tray \
I Z axis

Figure 3. 3D Printing Process Using Material Jetting Method

In-progress 3D-printed
drug products

5.3 Extrusion-Based Printing

Extrusion-based printing is one of the most widely used 3D printing techniques in pharmaceutical manufacturing. In
this method, semi-solid or molten materials are pushed through a nozzle and deposited layer by layer according to a
predefined digital design.

Advantages:
* Easy operation
¢ Cost-effective process
¢ Suitable for personalized medicines
*  Controlled drug release

Applications:
* Tablets
* Capsules
*  Drug-loaded implants
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The raw material is solid polymeric
filament, which can be stored in
spools.

An automated gear system forces the
filament through a nozzle at the base of
the print head.

A heated nozzle assembly melts the
filament so that it can be extruded.

Molten extrudate is laid down in
“roads” and fuses with the in-
progress product upon cooling.

Figure 4. Extrusion-Based 3D Printing Process

5.4 Fused Deposition Modeling (FDM)

Fused Deposition Modeling (FDM) is one of the most popular extrusion-based printing techniques. In this method, a
thermoplastic polymer filament is heated above its melting point and extruded through a nozzle. The material solidifies
after deposition and forms the desired structure.

Polyvinyl Alcohol (PVA) is commonly used in FDM due to its excellent printability and biocompatibility.

Advantages:
* High precision
*  Good mechanical strength
* Easy customization
¢  Suitable for pharmaceutical applications

Applications:
*  Personalized tablets
¢ Controlled release dosage forms
*  Multi-drug formulations

5.5 Powder Bed Fusion
Powder Bed Fusion is a printing technique in which laser energy selectively fuses powder particles according to a
digital design. The process produces highly accurate and mechanically strong structures.
Advantages:
* High accuracy
* Excellent mechanical properties
¢ Suitable for complex structures
Applications:
* Pharmaceutical devices
*  Customized dosage forms

Copyright to IJARSCT [=] 307

www.ijarsct.co.in

Y [E] DOI: 10.48175/IJARSCT-36230

| 2581-9429 |1
R\ 1JARSCT /3
2 55




Kf IJARSCT
4 \

xx International Journal of Advanced Research in Science, Communication and Technology ‘\

IJ ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

ISSN: 2581-9429 Volume 6, Issue 1, June 2026 Impact Factor: 8.2

*  Medical implants

| Laser System }—H Controlled
laser mirror

Object to build
Powder
coater

Loose powder

Build Plate

l

Build station piston

Figure 5. Powder Bed Fusion Process
5.6 Photo-Polymerization
Photo-polymerization is a process in which liquid resin is converted into a solid structure using ultraviolet (UV) light.
The method provides excellent resolution and precision.

Advantages:
*  Very high accuracy
*  Smooth surface finish
* Excellent dimensional control

Applications:
*  Medical devices
*  Drug delivery systems
* Tissue engineering scaffolds

Laser

Scanner System

«—— Laser Beam

Layers of solidified resin

Liquid resin

~

Platform & Piston

Figure 6. Photo-Polymerization Metho

VI. APPLICATIONS OF 3D PRINTING IN PHARMACEUTICAL INDUSTRY
6.1Personalized Medicines
Personalized medicine is one of the most important applications of pharmaceutical 3D printing. Different patients
require different doses depending on age, body weight, disease condition, and therapeutic response.
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3D printing allows production of patient-specific medicines with customized dosage strength, shape, size, and release

profile.

Advantages:

*  Accurate dosage

* Reduced side effects
*  Better therapeutic response

* Improved patient compliance

PERSONALIZED MEDICINES USING PHARMACEUTICAL 3D PRINTING
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Figure 7. Personalized Medicines Prepared Using Pharmaceutical 3D Printing

6.2 Polypill Technology

Polypill technology combines multiple drugs into a single tablet. It reduces pill burden and improves medication
adherence, especially in patients suffering from chronic diseases.

The technology allows incorporation of drugs with different release patterns within the same dosage form.

Benefits:

*  Multiple drugs in one tablet

* Better compliance

* Reduced medication errors
*  Controlled drug release
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Immediate release compartment

Ramipril Atenolol

Pravastatin

Extended release compartments
Figure 8. Architecture of a Polypill

6.3 FAST DISSOLVING TABLETS

Fast dissolving tablets are porous dosage forms that rapidly disintegrate in the mouth without the need for water. These
tablets are highly beneficial for pediatric and geriatric patients who experience difficulty in swallowing conventional
tablets.

3D printing technology enables the fabrication of highly porous structures that enhance the rate of tablet disintegration
and drug dissolution.

Advantages:
* Rapid onset of action
* Easy administration
* Improved patient compliance
e Better patient acceptance

6.4 CONTROLLED DRUG DELIVERY SYSTEMS

Controlled drug delivery systems are designed to release drugs at a predetermined rate for a specific period. 3D printing
enables precise control over drug release profiles by modifying tablet geometry, internal architecture, and polymer
composition.

Types of Drug Release:
¢ Immediate Release
¢ Sustained Release
* Delayed Release
* Pulsatile Release

Advantages:
* Better therapeutic effectiveness
* Reduced dosing frequency
* Improved patient compliance

*  Controlled release characteristics
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6.5 GEOMETRICAL EFFECT ON DRUG RELEASE

The geometry and shape of a tablet significantly influence drug release behavior. Different tablet shapes possess
different surface area-to-volume ratios, which directly affect dissolution rate and drug release kinetics.

Studies have shown that tablets with larger surface areas release drugs more rapidly than compact structures.

Common Tablet Shapes:

*  Cube

*  Sphere

*  Cylinder
* Pyramid
* Torus

¥ X X-

Figure 9. Different Shapes of 3D Printed Tablets

6.6 HONEYCOMB ARCHITECTURE TABLETS
Honeycomb architecture tablets are advanced pharmaceutical structures prepared using 3D printing technology. These
tablets contain interconnected pores that increase surface area and improve drug dissolution performance.

The honeycomb design allows faster penetration of dissolution media and enhances drug release characteristics.

Advantages:
* Increased surface area
* Improved dissolution rate
* Enhanced bioavailability
* Better therapeutic response

Inkjet
chamber

»._.

Time (min)

Design 3D inkjet printing Printed tablet Modified drug release
Figure 10. Honeycomb Architecture Tablets
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6.7 LIPID-BASED DRUG DELIVERY SYSTEMS
Lipid-based drug delivery systems are designed to improve the solubility and bioavailability of poorly water-soluble
drugs. 3D printing technology enables fabrication of lipid-containing dosage forms with precise drug distribution.

Advantages
* Improved drug solubility
* Enhanced bioavailability
* Better stability
* Controlled drug release
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Figure 11. Lipid-Based Drug Delivery Systems

VI. ADVANCED HEALTHCARE APPLICATIONS
7.1 Tissue Engineering
Tissue engineering involves fabrication of biological scaffolds that support cell growth and tissue regeneration. 3D
printing enables production of customized scaffolds with controlled architecture and mechanical properties.

Applications:
* Bone regeneration
*  Cartilage repair
*  Wound healing
* Regenerative medicine

7.2 Bio-Printing
Bio-printing is an advanced application of 3D printing technology in which living cells and biomaterials are printed
layer by layer to create tissue-like structures.

Applications:
* Artificial tissues
*  Skin regeneration
* Blood vessel fabrication
* Organ development research
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Figure 12. Tissue Engineering and Bio-Printing Applications

VIIL BIO-PRINTING TECHNOLOGY
Bio-printing is a specialized form of 3D printing in which living cells and biomaterials are used to prepare biological
structures. Technology is becoming highly important in regenerative medicine and tissue engineering.

Scientists use bio-printing for developing artificial tissues, blood vessels, and organ-like structures. Bio-inks containing
living cells are deposited layer by layer to form biological tissues.

Researchers are continuously working on developing artificial liver tissues, kidney structures, skin tissues, and heart
tissues using advanced bio-printing systems.

In future, bio-printing may help solve organ transplantation shortages and improve healthcare systems significantly.

Healthcare Applications
* Artificial organs
* Blood vessel development
* Tissue regeneration
* Regenerative medicine
*  Organ transplantation research
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13: Bio-Printing Process

IX. ADVANTAGES OF 3D PRINTING

The major advantages of pharmaceutical 3D printing include:

*  Personalized medicines

*  Accurate dosage

* Improved patient compliance

*  Controlled drug release

* Reduced material wastage

*  Flexible manufacturing

* Rapid prototyping

*  Complex structure fabrication

* Enhanced therapeutic outcomes

X. LIMITATIONS OF 3D PRINTING
Despite numerous advantages, certain limitations restrict the widespread implementation of pharmaceutical 3D
printing.

Major limitations include:
* High equipment cost
* Limited printable materials
* Regulatory challenges
* Requirement of skilled operators
¢ Slow production speed
*  Quality control concerns

XI. FUTURE SCOPE
The future of pharmaceutical 3D printing is highly promising due to continuous technological advancements.

Future applications include:
*  Personalized healthcare
*  Smart drug delivery systems
* Artificial organs
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* Regenerative medicine
*  Advanced bio-printing technologies

FUTURE APPLICATIONS OF 3D PRINTING

Shaping the Future of Healthcare
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Figure 13. Future Applications of Pharmaceutical 3D Printing

XII. CONCLUSION
Three-dimensional printing has emerged as a revolutionary technology in pharmaceutical sciences. It enables the
development of personalized medicines, advanced drug delivery systems, fast dissolving tablets, and innovative
healthcare products.

Various techniques including binder deposition, material jetting, extrusion-based printing, fused deposition modeling,
powder bed fusion, and photo-polymerization have expanded the possibilities of pharmaceutical manufacturing.
Although challenges such as equipment cost and regulatory issues still exist, continuous technological advancements
are expected to increase the adoption of 3D printing in pharmaceutical industries and healthcare systems.
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