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Abstract: Three-dimensional (3D) printing has emerged as a revolutionary technology in 

pharmaceutical sciences, enabling precise control over drug formulation, dosage personalization, and 

complex dosage form design. Unlike conventional manufacturing methods, 3D printing allows layer-by-

layer fabrication of drug products tailored to individual patient needs. This technology supports 

personalized medicine, improves patient compliance, and enables the development of complex drug 

delivery systems. This review discusses the principles, types of 3D printing technologies used in 

pharmacy, materials employed, pharmaceutical applications, advantages, limitations, regulatory 

aspects, and future prospects. This review highlights the principles, techniques, materials, applications, 

advantages, challenges, and future prospects of 3D printing in pharmacy, emphasizing its role in 

transforming drug formulation and personalized dosage forms. 

Three-dimensional (3D) printing, also known as additive manufacturing, is revolutionizing the field of 

pharmacy by enabling precise control over drug formulation and the development of personalized 

dosage forms. This innovative technology allows the fabrication of complex drug delivery systems with 

tailored geometries, porosity, and release characteristics, which are difficult to achieve using 

conventional manufacturing methods. By integrating digital design with pharmaceutical sciences, 3D 

printing facilitates the production of immediate-release, controlled-release, and multi-drug formulations 

(polypills) within a single dosage unit, thereby enhancing therapeutic efficacy and patient compliance. 
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I. INTRODUCTION 

Pharmaceutical manufacturing has traditionally relied on large-scale, batch-based production processes designed to 

deliver standardized dosage forms to a broad patient population. While this approach ensures consistency and cost-

effectiveness, it often fails to accommodate individual patient variability in terms of age, body weight, metabolic rate, 

genetic makeup, disease state, and therapeutic response. As a result, conventional “one-size-fits-all” dosage forms may 

lead to suboptimal therapeutic outcomes, adverse drug reactions, and reduced patient compliance. The growing 

emphasis on personalized medicine has therefore highlighted the need for innovative drug manufacturing technologies 

capable of delivering patient-specific therapies. 

Three-dimensional (3D) printing, also referred to as additive manufacturing, has emerged as a disruptive technology 

with immense potential to transform pharmaceutical formulation and drug delivery systems. Unlike conventional 

subtractive manufacturing methods, 3D printing constructs objects in a layer-by-layer manner based on a digital design, 

allowing unprecedented control over dosage form architecture, drug loading, release kinetics, and physical 

characteristics. Initially developed for rapid prototyping in engineering and manufacturing industries, 3D printing has 

rapidly expanded into healthcare and pharmaceutical sciences due to advancements in printable materials, computer-

aided design (CAD) software, and precision-controlled printing systems. 
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The application of 3D printing in pharmacy gained global attention following the approval of the first FDA-approved 

3D-printed drug, Spritam® (levetiracetam), which demonstrated the feasibility of producing highly porous, rapidly 

disintegrating tablets with high drug loading. This milestone validated the clinical and commercial viability of 3D-

printed pharmaceutical products and stimulated extensive research into various 3D printing techniques for drug 

formulation. Since then, numerous studies have explored the fabrication of immediate-release, controlled-release, and 

multi-compartmental dosage forms using different additive manufacturing approaches. 

One of the most promising aspects of 3D printing in pharmacy is its ability to support personalized medicine. By 

adjusting digital designs and formulation parameters, 3D printing enables the production of dosage forms tailored to 

individual patient needs, including personalized dosing, customized drug release profiles, and combination therapies in 

a single dosage form (polypills). This is particularly advantageous for pediatric and geriatric populations, where dosing 

accuracy and ease of administration are critical. Moreover, 3D printing offers potential solutions for patients requiring 

complex medication regimens by improving adherence through simplified and customized dosage forms. 

In addition to personalization, 3D printing provides unique opportunities for innovative drug delivery system design. 

Complex geometries, such as multilayer tablets, porous matrices, and compartmentalized structures, can be fabricated 

with relative ease—features that are often difficult or impossible to achieve using conventional manufacturing 

techniques. These structural modifications can be strategically employed to modulate drug release behavior, enhance 

bioavailability, and achieve site-specific or time-controlled drug delivery. Consequently, 3D printing serves not only as 

a manufacturing tool but also as a powerful platform for pharmaceutical research and development. 

 

II. PRINCIPLE OF 3D PRINTING IN PHARMACY 

The principle of 3D printing in pharmacy is based on additive manufacturing, where pharmaceutical dosage forms are 

fabricated layer by layer according to a digital design. A computer-aided design (CAD) model of the dosage form is 

first created and then converted into a printable format (STL file). This digital file guides the 3D printer to deposit 

drug-loaded material in a precise and controlled manner. 

In pharmaceutical applications, the active pharmaceutical ingredient (API) is uniformly mixed with suitable 

polymers or excipients to form a printable feed material. The printer deposits or solidifies this material sequentially in 

thin layers until the final dosage form is obtained. By modifying the design parameters such as size, shape, internal 

structure, and infill density, the drug dose and release profile can be accurately controlled. 

 
Fig : Principle of 3D Printing in Pharmacy 
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Thus, the fundamental principle of 3D printing in pharmacy lies in digitally controlled, layer-by-layer fabrication, 

enabling the production of customized, patient-specific dosage forms with improved dose accuracy and tailored drug 

release characteristics. 

 

III. TYPES OF 3D PRINTING TECHNOLOGIES USED IN PHARMACY 

3.1 Fused Deposition Modeling (FDM) 

Uses thermoplastic polymers (PLA, PVA, HPMC) 

Drug-loaded filament is extruded through a heated nozzle 

Suitable for solid oral dosage forms 

 

3.2 Inkjet Printing 

Deposits droplets of drug-containing solution onto substrates 

Enables precise dose control 

Suitable for low-dose drugs 

 

3.3 Binder Jet Printing 

Powder bed system with liquid binder 

Used in FDA-approved Spritam® 

Produces highly porous tablets 

 

3.4 Stereolithography (SLA) 

Uses photopolymerization of liquid resins 

High-resolution printing 

Limited due to photopolymer toxicity concerns 

 

3.5 Selective Laser Sintering (SLS) 

Uses laser to fuse powdered material 

No solvent required 

Suitable for heat-stable drugs 

 

IV. MATERIALS USED IN PHARMACEUTICAL 3D PRINTING: 

4.1 Polymers 

Polyvinyl alcohol (PVA) 

Polylactic acid (PLA) 

Hydroxypropyl methylcellulose (HPMC) 

Eudragit polymers 

 

4.2 Excipients 

Plasticizers (PEG, glycerol) 

Binders 

Disintegrants 

 

4.3 Active Pharmaceutical Ingredients (APIs) 

Antiepileptics 

Antihypertensives 

Anticancer drugs 
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Antibiotics 

 

3D Printed Dosage Forms: 

Immediate-release tablets 

Controlled and sustained-release tablets 

Orodispersible tablets 

Polyp ills (multiple drugs in one tablet) 

Implants and transdermal systems 

Paediatric and geriatric dosage forms 

 
 

Role of 3D Printing in Personalized Medicine: 

3D printing allows: 

 Patient-specific dosing 

 Custom drug release profiles 

 Combination of multiple drugs in one dosage form 

 Dose adjustment based on pharmacogenetics 

 Improved medication adherence 

This technology is particularly beneficial for pediatric, geriatric, and chronic disease patients. 

 

Applications of 3D Printing in Pharmacy: 

 Personalized oral drug delivery systems 

 On-demand drug manufacturing in hospitals 

 Complex release profiles (pulsatile, multilayer tablets) 

 Rapid prototyping in formulation development 

 Customized implants and medical devices 

 

Advantages of 3D Printing in Pharmacy: 

 High dose accuracy 
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 Reduced manufacturing steps 

 Customization and flexibility 

 Enhanced patient compliance 

 Ability to produce complex geometries 

 Reduced drug wastage 

 

Challenges and Limitations: 

 Limited number of approved printable materials 

 Stability issues of APIs 

 Regulatory and quality control challenges 

 High initial equipment cost 

 Scale-up difficulties 

 Lack of standardized guidelines 

 

V. DISCUSSION 

3D printing has shown great potential in pharmaceutical formulation by enabling precise dose control, customized 

dosage forms, and flexible drug release profiles. Compared to conventional manufacturing methods, it allows the 

production of complex and personalized drug delivery systems, particularly benefiting pediatric, geriatric, and chronic 

disease patients. However, challenges such as limited printable materials, drug stability during printing, scalability 

issues, and regulatory concerns still restrict its widespread adoption. Continued research and regulatory development 

are essential to fully integrate 3D printing into routine pharmaceutical practice. 

 

VI. CONCLUSION 

3D printing has emerged as a transformative technology in pharmaceutical sciences, offering innovative solutions for 

drug formulation and personalized dosage form development. Its ability to fabricate customized, patient-specific 

medicines with controlled release characteristics marks a significant shift from traditional mass-production methods. 

Although challenges related to materials, scalability, and regulation persist, continuous advancements in printing 

technologies and pharmaceutical materials are expected to overcome these limitations. Overall, 3D printing holds 

immense potential to revolutionize pharmaceutical manufacturing and advance the future of personalized medicine. 

 

Results: 

The findings from various research studies indicate that 3D-printed pharmaceutical dosage forms exhibit: 

 High dose accuracy and uniformity 

 Customizable drug release profiles 

 Improved mechanical properties and patient acceptability 

 Enhanced formulation flexibility compared to conventional methods 

Experimental evidence suggests that modifying printing parameters and internal tablet structures can effectively control 

drug dissolution behavior. The results collectively highlight that 3D printing is a feasible and efficient approach for 

developing personalized and complex drug delivery systems. 

 

Future Scope: 

 Personalized, patient-specific dosage form development 

 On-demand drug manufacturing in hospitals and pharmacies 

 Integration with pharmacogenomics for precision dosing 

 Development of polypills containing multiple drugs 
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 Advanced controlled and targeted drug delivery systems 
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