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Abstract 

Personalized medicine aims to customize therapeutic strategies based on 

individual patient characteristics, including genetic profile, disease state, and 

metabolism. 3D printing, or additive manufacturing, has emerged as a 

transformative technology enabling the fabrication of patient-specific drug 

delivery systems, dosage forms, and medical devices. This paper reviews the 

application of 3D printing in personalized medicine, covering techniques such as 

fused deposition modeling (FDM), stereolithography (SLA), and inkjet printing. 

Formulation strategies, material selection, and challenges in stability, scalability, 

and regulatory compliance are discussed. Case studies on 3D-printed tablets, 

implants, and polypills highlight the practical applications and advantages. 

Future perspectives integrating advanced biomaterials and real-time patient 

monitoring are explored, emphasizing the potential of 3D printing to 

revolutionize individualized therapeutics. 
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INTRODUCTION The traditional one-size-fits-all approach in drug therapy often leads to 

variable patient responses, adverse effects, and suboptimal efficacy. Personalized medicine seeks 

to tailor treatment based on individual patient characteristics, optimizing therapeutic outcomes. 

3D printing enables precise, on-demand fabrication of drug products and medical devices, 

allowing for customization of dose, release profile, and geometry. The flexibility of additive 

manufacturing techniques facilitates the production of complex dosage forms, polypills, and 

implants, addressing challenges in pharmacokinetics, patient compliance, and disease 

management. This paper reviews the current applications, formulation strategies, characterization 

techniques, and future directions of 3D printing in personalized medicine. 

 

TECHNIQUES OF 3D PRINTING IN PHARMACEUTICS  

Fused Deposition Modeling (FDM): Thermoplastic polymers loaded with drugs are extruded 

through a heated nozzle, layer-by-layer, to produce solid dosage forms. Advantages include rapid 

prototyping and precise dose customization. 

Stereolithography (SLA): Uses light-activated photopolymerization to fabricate highly accurate 

and smooth-surfaced dosage forms. Suitable for complex geometries and biodegradable implants 

Inkjet Printing: Deposits micro-droplets of drug solution onto substrates, enabling precise dose 

placement and multi-drug loading in a single formulation. 

Selective Laser Sintering (SLS): Laser sintering of powder-based formulations to produce 

robust, porous, or controlled-release dosage forms. 

 

APPLICATIONS IN PERSONALIZED MEDICINE  

Customized Oral Dosage Forms:  

3D printing allows individualized dosing, shape, and release profile for drugs with narrow 

therapeutic windows. Polypills containing multiple drugs can be fabricated to improve 

compliance in chronic diseases. 
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Implants and Transdermal Systems:  

Biodegradable 3D-printed implants can release drugs locally over extended periods, reducing 

systemic toxicity. Customized transdermal patches can adjust surface area and drug load per 

patient needs. 

Pediatric and Geriatric Formulations:  

3D printing facilitates the production of dosage forms tailored to swallowing abilities, taste 

preferences, and dose requirements of pediatric and geriatric patients. 

 

Comparative Analysis of 3D Printing Techniques 

Technique Advantages Limitations Suitable Applications 

FDM 
Simple, cost-effective, 

rapid 

Limited to thermally stable 

drugs 

Tablets, polypills, rapid 

prototyping 

SLA 
High resolution, smooth 

surfaces 

Expensive, photoinitiator 

toxicity 

Implants, complex 

geometries 

Inkjet 

Printing 

Precise dosing, multi-

drug loading 

Limited viscosity range, 

low throughput 

Polypills, thin films, micro-

dosage forms 

SLS 
Solvent-free, robust 

forms 

High temperature may 

degrade drugs 

Porous scaffolds, controlled-

release tablets 

 

FORMULATION STRATEGIES 

 Polymer Selection: Thermoplastic polymers like polyvinyl alcohol (PVA), polyethylene 

glycol (PEG), and biodegradable polymers for implants. 

 Drug-Polymer Compatibility: Ensures drug stability during printing and appropriate release 

kinetics. 

 Layer Thickness and Infill Density: Adjusted to modulate mechanical strength and drug 

release rate. 

 Post-Processing: Curing, annealing, or coating may enhance stability, dissolution, and 

mechanical properties. 
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CHARACTERIZATION AND QUALITY ASSESSMENT 

 Drug Content Uniformity: Ensures accurate dosing per unit. 

 Mechanical Testing: Evaluates hardness, tensile strength, and friability. 

 In Vitro Release Studies: Assesses dissolution profile and controlled-release characteristics. 

 Morphological Analysis: SEM/TEM for surface and internal structure. 

 Stability Testing: Thermal, photostability, and humidity assessments to ensure shelf-life. 

 

CASE STUDIES Spritam® (Levetiracetam): First FDA-approved 3D-printed drug; rapidly 

disintegrating tablet improves compliance in epilepsy patients. 

3D-Printed Polypills: Fabricated with multiple drugs in separate compartments, tailored doses 

for cardiovascular or metabolic disorders. 

Personalized Implants: Biodegradable 3D-printed stents and implants loaded with anticancer 

drugs demonstrated localized delivery and reduced systemic toxicity. 

 

ADVANTAGES OF 3D PRINTING IN PERSONALIZED MEDICINE 

1. Precise Dose Customization: Tailors therapy to individual pharmacokinetics. 

2. Improved Patient Compliance: Polypills and pediatric-friendly forms reduce pill burden. 

3. Rapid Prototyping: Speeds up development and clinical translation. 

4. Complex Geometries: Enables implants, porous scaffolds, and controlled-release devices. 

5. On-Demand Production: Reduces inventory and allows personalized prescription 

fulfillment. 

 

CHALLENGES AND FUTURE PERSPECTIVES Challenges: 

 High cost of equipment and materials. 

 Regulatory uncertainty regarding quality control, reproducibility, and validation. 

 Limitations in drug stability under printing conditions. 

 Scalability and throughput for mass production. 

 

Future Directions: 

 Integration with pharmacogenomics for genotype-based personalized therapy. 
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 Development of smart 3D-printed systems responsive to stimuli such as pH, temperature, or 

enzymes. 

 Use of bioprinting for tissue-engineered constructs and organ-on-chip drug testing. 

 Regulatory harmonization and development of GMP-compliant 3D printing processes. 

 

CONCLUSION  

3D printing has emerged as a transformative technology in personalized medicine, enabling the 

production of patient-specific drug delivery systems and dosage forms. Techniques such as 

FDM, SLA, inkjet, and SLS allow precise control over dose, geometry, and release kinetics, 

facilitating polypills, implants, and pediatric-friendly formulations. Formulation strategies, 

material selection, and post-processing are critical for stability and performance. Case studies 

demonstrate successful applications, while ongoing advances in biomaterials, 

pharmacogenomics, and smart devices promise to further revolutionize individualized 

therapeutics. Despite challenges in cost, regulation, and scalability, 3D printing offers a 

promising pathway toward truly personalized medicine. 
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