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Article Info Abstract
The advent of three-dimensional (3D) printing technology has revolutionized
pharmaceutical manufacturing, enabling the production of personalized dosage forms
tailored to individual patient needs. This review explores the application of 3D printing
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precision medicine, offering a paradigm shift from traditional "one-size-fits-all" drug
formulations.
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1. Introduction

The pharmaceutical industry has long relied on mass production of standardized dosage forms, often neglecting individual patient
variability in drug metabolism, pharmacokinetics, and therapeutic response. Personalized medicine aims to address this
limitation by tailoring treatments based on genetic, phenotypic, and lifestyle factors (1). Three-dimensional (3D) printing, an
additive manufacturing technique, has emerged as a transformative tool in drug development, allowing for the fabrication of
complex, patient-specific dosage forms with precise drug loading and release profiles (2).

Traditional manufacturing methods, such as tablet compression and encapsulation, lack flexibility in dose customization, making
them unsuitable for pediatric, geriatric, and patients with rare metabolic disorders (3). In contrast, 3D printing enables the
production of small batches of drugs with adjustable dosages, geometries, and release kinetics (4). The U.S. Food and Drug
Administration (FDA) approved the first 3D-printed drug, Spritam — (levetiracetam), in 2015, marking a milestone in
personalized pharmacotherapy (5).

This review examines the materials, methods, and applications of 3D-printed dosage forms, evaluates current research outcomes,
discusses regulatory and technological challenges, and explores future directions in personalized medicine.

2. Materials and Methods
2.1. 3D Printing Technologies in Pharmaceuticals
Several 3D printing techniques have been adapted for pharmaceutical applications:
1. Fused Deposition Modeling (FDM)
= Utilizes thermoplastic polymers (e.g., hydroxypropyl methylcellulose, Eudragit) loaded with active pharmaceutical
ingredients (APIs) (6).
= Allows layer-by-layer extrusion, enabling controlled-release formulations (7).

2. Stereolithography (SLA)

= Uses photopolymerizable resins to create high-resolution structures (8).
= Suitable for implants and complex drug delivery systems (9).
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2.2. Materials for 3D-Printed Dosage Forms

= Polymers: Hydrogels, polylactic acid (PLA), polyvinyl
alcohol (PVA) (12).

= Excipients: Microcrystalline
lactose (13).

= APIs: Small molecules, biologics, and combination
drugs (14).

cellulose, mannitol,

2.3. Methodological Workflow

= Design: Digital models created using computer-aided
design (CAD) software (15).

= Formulation Optimization: Selection of polymers and
APIs for desired release kinetics (16).

= Printing: Layer-by-layer fabrication under controlled
conditions (17).

= Post-Processing: Drying, polishing, or coating (18).

3. Results

3.1. Customized Drug Release Profiles

e Immediate-Release Tablets: FDM-printed
formulations with high porosity for rapid dissolution
(19).

e Sustained-Release Systems: Multi-layered tablets with
gradient API distribution (20).

3.2. Patient-Specific Dosage Forms
e Pediatric Dosing: Chewable tablets with tailored
flavors and dosages (21).
e Polypills: Single tablets combining multiple drugs
for chronic conditions (22).

3.3. Bioavailability Enhancement
e  Amorphous Solid Dispersions: Improved
solubility of poorly water-soluble drugs (23).
e Microstructured Tablets: Enhanced dissolution
rates (24).

4. Discussion
4.1. Advantages of 3D-Printed Medications
e Personalization: Adjustable dosages based on
patient needs (25).
e Complex Geometries: Multi-compartment tablets
for sequential drug release (26).
e Reduced Waste: On-demand
minimizes overproduction (27).

manufacturing

4.2. Challenges and Limitations
e Regulatory Hurdles: Lack of
guidelines for 3D-printed drugs (28).
e Material Limitations: Few FDA-approved
polymers for pharmaceutical use (29).
e Scalability: High costs for small-batch production
(30).

standardized

4.3. Future Perspectives
e Integration with Al: Machine
optimized drug formulations (31).
e Bioprinting: 3D-printed tissues for drug testing
(32).

learning  for

5. Conclusion
3D printing holds immense potential in advancing
personalized medicine by enabling the fabrication of patient-
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specific dosage forms. Despite regulatory and material
challenges, ongoing research and technological
advancements are expected to overcome these barriers. The
future of 3D-printed pharmaceuticals lies in scalable, cost-
effective production methods and integration with digital
health technologies, ultimately improving therapeutic
outcomes and patient adherence.
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