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Three-dimensional (3D) printing is transforming the pharmaceutical industry by 

enabling precise, personalized drug delivery systems. This review discusses various 3D 

printing techniques, their advantages, challenges, and regulatory considerations. 

Particular focus is placed on drug development, formulation optimization, and potential 

clinical applications. The future of 3D printing promises improved therapeutic outcomes 

through on-demand, patient-specific drug manufacturing. 
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INTRODUCTION 

3D printing (3DP) in pharmaceuticals enables the 

fabrication of highly complex drug delivery 

systems with precise control over geometry, drug 

distribution, and release kinetics. The FDA-

approved Spritam® (levetiracetam) in 2015 was a 

landmark achievement, as it demonstrated the 

viability of 3DP for producing fast-dissolving, 

high-dose tablets with enhanced patient 

compliance¹. In addition to oral dosage forms, 

research is extending into implants, transdermal 

systems, and orodispersible films³. 

The pharmaceutical landscape is undergoing a 

radical transformation with the emergence of 3D 

printing technology. This additive manufacturing 

technique allows the creation of complex dosage 

forms and enables unprecedented personalization 

in therapy. Since the FDA approval of the first 3D-

printed drug, Spritam®, interest in this field has 

expanded rapidly. This review aims to provide a 

comprehensive overview of 3D printing 

technologies applied in pharmaceutical sciences, 

current progress, and future directions. 

3D PRINTING TECHNIQUES IN 

PHARMACEUTICALS 

- Fused Deposition Modeling (FDM): Offers 

structural precision but requires thermally 

stable APIs. Melocchi et al. designed a multi-
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compartment capsule via FDM that allowed 

modified release of multiple drugs within a 

single device⁵. 

- Inkjet Printing: Allows deposition of active 

ingredients in precise patterns for 

personalized dosing; suitable for temperature-

sensitive drugs². 

- Stereolithography (SLA): Achieves high 

resolution, making it ideal for intricate 

designs, though limited by the need for 

biocompatible photopolymers³. 

- Selective Laser Sintering (SLS): Enables 

solvent-free fabrication, reducing stability 

issues for moisture-sensitive APIs². 

Several 3D printing techniques have been explored 

in pharmaceutical applications, including: 

• Fused Deposition Modeling (FDM): Utilizes 

thermoplastic polymers to build structures 

layer by layer. 

• Inkjet Printing: Deposits liquid droplets of 

drug or binder solutions. 

• Stereolithography (SLA): Employs a laser to 

cure photosensitive resin into solid structures. 

• Selective Laser Sintering (SLS): Uses a laser 

to fuse powder particles without the need for 

solvents. 

APPLICATIONS IN DRUG DEVELOPMENT 

Khaled et al. demonstrated a “five-in-one” polypill 

capable of delivering immediate and sustained 

release in a single dosage form, reducing pill 

burden for patients with polypharmacy⁴. 3DP also 

facilitates rapid prototyping of dosage forms 

during early drug development, shortening 

timelines for clinical trials¹. 

3D printing allows the production of polypills, 

sustained or controlled-release formulations, and 

tailored doses for specific patient groups. It 

enables complex release profiles and combines 

incompatible drugs into a single dosage form. 

ADVANTAGES AND CHALLENGES 

Advantages: 

• Personalized therapy and on-demand 

production 

• Reduced drug waste and improved patient 

adherence 

• Design flexibility and rapid prototyping 

Additional Advantages: 

- Enables dose titration based on patient-

specific needs, improving therapeutic 

outcomes¹.   

- On-demand printing at hospitals or 

pharmacies can reduce inventory costs and 

drug wastage². 

Challenges: 

• Limited availability of pharmaceutical-grade 

printable materials 

• High cost and regulatory uncertainties 

• Technical limitations in scalability 

Additional Challenges: 

- Lack of standardized manufacturing protocols 

complicates regulatory approval³.   

- Limited range of pharmaceutical-grade 

printable excipients with proven safety 

profiles². 

REGULATORY CONSIDERATIONS 

The FDA emphasizes the need for stringent quality 

control measures in layer-by-layer manufacturing 

to ensure dose uniformity and mechanical 

strength¹. Guidelines for 3D-printed medical 

devices can serve as a reference framework, but 

specific drug-related policies are still evolving³. 
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The FDA and other agencies are exploring 

frameworks for the regulation of 3D-printed drug 

products. Key factors include material 

consistency, device validation, and product 

performance. Regulatory pathways remain in 

development, especially for personalized 

medicines. 

FUTURE PROSPECTS 

Integration of AI with 3DP can optimize print 

parameters for individualized pharmacokinetics. 

Bioprinting could enable tissue-engineered drug 

delivery systems, while point-of-care 

manufacturing may revolutionize chronic disease 

management³. 

3D printing holds immense promise for 

transforming pharmaceutical manufacturing and 

patient care. The integration of artificial 

intelligence, bioprinting, and point-of-care 

manufacturing could redefine personalized 

medicine in the coming decades. 

CONCLUSION 

3D printing represents a groundbreaking 

advancement in pharmaceutical sciences, offering 

personalized, efficient, and innovative drug 

delivery solutions. Despite existing limitations, 

ongoing research and regulatory support are likely 

to propel this technology into mainstream clinical 

practice 
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