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Abstract:

Three-dimensional (3D) printing technology has emerged as a
revolutionary approach in the pharmaceutical industry by enabling
personalized medicine, precise drug delivery systems, and advanced
dosage form fabrication. 3D printing allows the layer-by-layer
construction of pharmaceutical products with customized shapes,
sizes, drug release characteristics, and complex geometries. The
introduction of additive manufacturing in pharmaceuticals has
transformed traditional manufacturing approaches and accelerated
innovation in personalized therapeutics, tissue engineering, implants,
and medical devices. The United States Food and Drug Administration
approval of Spritam® (levetiracetam) in 2015 marked a major milestone
in pharmaceutical 3D printing. Various 3D printing technologies such
as fused deposition modeling, stereolithography, selective laser
sintering, binder jet printing, and semi-solid extrusion are widely
investigated for pharmaceutical applications. This review
comprehensively discusses the principles, types, materials,
applications, advantages, limitations, regulatory considerations, and
future perspectives of 3D printing in pharmaceuticals. The review also
highlights the role of pharmacists and healthcare professionals in
implementing personalized drug therapy through additive
manufacturing.

Introduction

Three-dimensional (3D) printing, also known as additive manufacturing, is a
process of fabricating three-dimensional objects through layer-by-layer deposition
of materials using digital models. The pharmaceutical industry has increasingly
adopted 3D printing technologies for the fabrication of personalized dosage forms,
drug delivery systems, tissue engineering scaffolds, and medical devices.
Traditional pharmaceutical manufacturing processes often face limitations related
to dose flexibility, complex geometries, and individualized therapy. 3D printing
provides unique opportunities for producing patient-specific medicines with
controlled drug release patterns and customized formulations. The FDA approval
of Spritam® demonstrated the commercial feasibility of pharmaceutical 3D

printing.
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Figure 1. Workflow of Pharmaceutical 3D Printing

IJBPS2026 April04003 | International Journal of Biological and Pharmaceutical Sciences (IJBPS) |

www.ijbps.com



© 2026 IJBPS April, 2026, Volume 1, Issue I www.ijbps.com (E-ISSN xxxx-Xxxx)

Workflow of 3D Printing in Pharmaceuticals
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Figure 2. Workflow of Pharmaceutical 3D Printing
2. Principles of 3D Printing Technology

3D printing operates by converting computer-aided design (CAD) models into
physical objects through successive material deposition. The process typically
involves design creation, slicing, material selection, printing, and post-processing.
Pharmaceutical 3D printing requires careful optimization of printing parameters
such as nozzle temperature, printing speed, layer thickness, and excipient
compatibility. Drug stability during printing is a critical consideration because
several printing technologies involve elevated temperatures or exposure to
ultraviolet radiation.

3. Types of 3D Printing Technologies in Pharmaceuticals

Multiple 3D printing techniques are used in pharmaceutical applications. Fused
deposition modeling (FDM) is one of the most commonly used methods involving
thermoplastic filament extrusion. Stereolithography (SLA) uses ultraviolet light to
polymerize liquid resin into solid structures. Selective laser sintering (SLS) employs
laser energy to fuse powdered materials, while binder jet printing creates dosage
forms by depositing liquid binders onto powder beds. Semi-solid extrusion (SSE)
and inkjet printing are also increasingly investigated for temperature-sensitive
drugs and biologics.
Table 1. Types of 3D Printing Technologies Used in Pharmaceuticals

Technology Principle Advantages Applications
DM Thermoplastlc Cost-offective T:ablets and
extrusion implants
SLA PhotopQIymerlzat High precision Microneedles and
ion scaffolds
SIS Laser powder No support Complex dosage
fusion structures forms
B1n.de? Jet Binder deposition Fast printing Porous tablets
Printing
Sem1-8911d Paste extrusion Sultal?l‘e for heat- Hydrogels
Extrusion sensitive drugs
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4. Materials Used in Pharmaceutical 3D Printing
Various pharmaceutical polymers, excipients, and biomaterials are utilized in 3D
printing applications. Commonly used materials include polyvinyl alcohol (PVA),
polylactic acid (PLA), polyethylene glycol (PEG), hydroxypropyl methylcellulose
(HPMC), and ethyl cellulose. Material selection depends on the printing technology,
desired drug release profile, mechanical properties, and drug compatibility.
Biocompeatibility, biodegradability, and regulatory acceptance are essential factors
during formulation development.
5. Applications of 3D Printing in Pharmaceuticals
3D printing has numerous pharmaceutical applications including personalized
medicine, controlled drug delivery, polypills, pediatric formulations, implants,
transdermal systems, tissue engineering, and organ-on-chip models. Personalized
dosage forms allow customization according to patient age, weight,
pharmacogenomic profile, and disease condition. Complex dosage forms with
multiple drugs and variable release kinetics can be fabricated using multilayer
printing approaches. 3D bioprinting also supports regenerative medicine
applications through fabrication of tissues and scaffolds.

Table 2. Applications of 3D Printing in Pharmaceuticals

Application Description Benefits
Personalized Medicine Customized dosage forms Improved therapeutic outcomes
Polypills Multiple drugs in one tablet Enhanced compliance
Bioprinting Tissue and scaffold fabrication Regenerative medicine
Implants Drug-eluting implants Sustained release
Pediatric Formulations Flexible dose adjustment Improved acceptability

6. Advantages of 3D Printing Technology

3D printing offers significant advantages including personalized therapy, reduced
material wastage, rapid prototyping, on-demand manufacturing, and improved
patient compliance. It enables the production of complex geometries and dosage
forms that are difficult to achieve using conventional manufacturing methods. The
technology supports decentralized manufacturing and facilitates medication
production in remote or resource-limited settings. Pediatric and geriatric patients
particularly benefit from dose customization.
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Figure 3. Applications & Advantages of 3D Printing Technology

IJBPS2604003 | International Journal of Biological and Pharmaceutical Sciences (IJBPS) | www.ijbps.com



© 2026 IJBPS April, 2026, Volume 1, Issue I www.ijbps.com (E-ISSN xxxx-Xxxx)

7. Challenges and Limitations

Despite its advantages, pharmaceutical 3D printing faces several technical,
regulatory, and economic challenges. High equipment costs, limited large-scale
manufacturing capabilities, and variability in printing quality remain major
concerns. Drug stability during thermal processing, reproducibility issues, limited
printable excipients, and lack of standardized regulatory frameworks hinder
widespread commercialization. Intellectual property concerns and cybersecurity
risks associated with digital design files are additional challenges.

8. Regulatory Considerations

Regulatory agencies such as the FDA and EMA are actively developing guidelines
for additive manufacturing in pharmaceuticals. Quality assurance, process
validation, stability testing, and Good Manufacturing Practice (GMP) compliance
are essential regulatory requirements. The FDA approval of Spritam® established a
foundation for future regulatory pathways. However, standardized guidelines for
personalized medicine manufacturing and decentralized printing facilities are still
evolving.

9. Future Perspectives

The future of pharmaceutical 3D printing is closely associated with personalized
medicine, artificial intelligence integration, digital therapeutics, and decentralized
manufacturing. Al-driven optimization may improve formulation design,
printability, and drug release prediction. Advancements in 4D printing,
bioprinting, nanotechnology, and smart biomaterials are expected to expand the
applications of additive manufacturing in healthcare. Hospital-based printing units
and pharmacist-led personalized medication manufacturing may become
increasingly common.

10. Conclusion

3D printing technology has significantly transformed pharmaceutical
manufacturing and personalized medicine. The technology offers unprecedented
opportunities for customized drug delivery systems, complex dosage forms, and
patient-specific therapies. Although several technical and regulatory challenges
remain, continuous advancements in materials science, digital technologies, and
regulatory frameworks are expected to accelerate the commercialization of
pharmaceutical 3D printing. Pharmacists, researchers, and healthcare professionals
will play essential roles in the successful implementation of additive manufacturing
technologies in clinical practice.
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