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Abstract 
3D printing, also known as additive manufacturing, has emerged as a transformative 
technology in various industries, including pharmaceuticals. This review explores the 
application of 3D printing in on-demand drug manufacturing, focusing on its potential 
to revolutionize personalized medicine, improve drug delivery systems, and enhance 
the efficiency of pharmaceutical production. The article delves into the materials and 
methods used in 3D printing for drug manufacturing, presents recent advancements, 
and discusses the challenges and future prospects of this technology. The review 
concludes that 3D printing holds significant promise for the future of drug 
manufacturing, particularly in the context of personalized medicine and on-demand 
production. 
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Introduction 

The pharmaceutical industry is undergoing a paradigm shift with the advent of advanced manufacturing technologies, among 

which 3D printing stands out as a particularly promising innovation. Traditional drug manufacturing processes are often 

characterized by high costs, long production times, and limited flexibility in terms of dosage forms and drug combinations. 

These limitations have spurred the exploration of alternative manufacturing methods, with 3D printing emerging as a viable 

solution. 

3D printing, or additive manufacturing, involves the layer-by-layer construction of three-dimensional objects from digital 

models. This technology has been widely adopted in various fields, including aerospace, automotive, and healthcare. In the 

pharmaceutical sector, 3D printing offers the potential to produce customized drug formulations tailored to individual patient 

needs, thereby enabling personalized medicine. Moreover, 3D printing can facilitate the on-demand production of drugs, 

reducing the need for large-scale manufacturing and inventory storage. 

This article provides a comprehensive review of the application of 3D printing in on-demand drug manufacturing. It covers the 

materials and methods used in 3D printing for pharmaceuticals, discusses recent advancements, and explores the challenges and 

future prospects of this technology. 

 

Materials and Methods 

Materials Used in 3D Printing for Drug Manufacturing 

The choice of materials is critical in 3D printing for drug manufacturing, as it directly impacts the quality, efficacy, and safety 

of the final product. The materials used in 3D printing for pharmaceuticals can be broadly categorized into polymers, active 

pharmaceutical ingredients (APIs), and excipients. 

 

Polymers 

Polymers are the most commonly used materials in 3D printing for drug manufacturing due to their versatility, biocompatibility, 

and ease of processing. Some of the widely used polymers include: 

▪ Polylactic Acid (PLA): A biodegradable polymer that is commonly used in fused deposition modeling (FDM) 3D printing. 

PLA is suitable for producing drug delivery systems due to its biocompatibility and controlled degradation properties. 

▪ Polyvinyl Alcohol (PVA): A water-soluble polymer that is often used as a support material in 3D printing. PVA can be 

used to create dissolvable drug delivery systems, such as oral tablets that dissolve upon contact with water. 
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▪ Polycaprolactone (PCL): A biodegradable polyester 

that is used in 3D printing for controlled drug release 

applications. PCL has a slow degradation rate, making it 

suitable for long-term drug delivery systems. 

 

Active Pharmaceutical Ingredients (APIs) 

APIs are the active components of drugs that produce the 

desired therapeutic effect. In 3D printing, APIs can be 

incorporated into the printing material in various forms, such 

as powders, liquids, or suspensions. The choice of API form 

depends on the specific 3D printing technology used and the 

desired drug release profile. 

 

Excipients 

Excipients are inactive substances that are used as carriers or 

stabilizers for APIs. In 3D printing, excipients play a crucial 

role in ensuring the stability, bioavailability, and controlled 

release of the drug. Common excipients used in 3D printing 

include: 

▪ Binders: Substances that help hold the drug formulation 

together, ensuring the structural integrity of the printed 

object. 

▪ Plasticizers: Additives that improve the flexibility and 

printability of the polymer material. 

▪ Disintegrants: Agents that promote the breakdown of 

the drug formulation upon administration, facilitating 

drug release. 

 

Methods of 3D Printing in Drug Manufacturing 

Several 3D printing technologies have been explored for drug 

manufacturing, each with its unique advantages and 

limitations. The most commonly used methods include: 

 

Fused Deposition Modeling (FDM) 

FDM is one of the most widely used 3D printing technologies 

in drug manufacturing. It involves the extrusion of a 

thermoplastic polymer filament through a heated nozzle, 

which deposits the material layer by layer to create the 

desired object. FDM is particularly suitable for producing 

solid oral dosage forms, such as tablets and capsules. 

 

Advantages 

▪ Low cost and ease of use. 

▪ Wide availability of compatible materials. 

▪ Ability to produce complex geometries. 

 

Limitations 

▪ Limited resolution and surface finish. 

▪ Thermal degradation of heat-sensitive APIs. 

 

Stereolithography (SLA) 

SLA is a 3D printing technology that uses a laser to cure 

liquid photopolymer resin layer by layer. SLA is known for 

its high resolution and ability to produce intricate structures, 

making it suitable for creating drug delivery systems with 

precise drug release profiles. 

 

Advantages 

• High resolution and surface finish. 

• Ability to produce complex geometries. 

• Suitable for heat-sensitive APIs. 

 

 

Limitations 

▪ Limited material options. 

▪ Post-processing required to remove uncured resin. 

 

Selective Laser Sintering (SLS) 

SLS is a 3D printing technology that uses a laser to sinter 

powdered material, layer by layer, to create the desired 

object. SLS is suitable for producing drug delivery systems 

with controlled porosity and drug release profiles. 

 

Advantages 

▪ No need for support structures. 

▪ Wide range of material options. 

▪ Ability to produce complex geometries. 

 

Limitations 

▪ High cost and complexity. 

▪ Limited resolution compared to SLA. 

 

Inkjet Printing 

Inkjet printing is a 3D printing technology that involves the 

deposition of liquid droplets onto a substrate to create the 

desired object. Inkjet printing is particularly suitable for 

producing personalized drug formulations with precise 

dosages. 

 

Advantages 

▪ High precision and control over drug dosage. 

▪ Suitable for heat-sensitive APIs. 

▪ Ability to produce multi-drug formulations. 

 

Limitations 

▪ Limited material options. 

▪ Requires specialized equipment. 

 

Quality Control and Regulatory Considerations 

The implementation of 3D printing in drug manufacturing 

necessitates stringent quality control measures to ensure the 

safety, efficacy, and consistency of the final product. Key 

considerations include: 

▪ Material Characterization: Comprehensive 

characterization of the raw materials used in 3D printing, 

including polymers, APIs, and excipients, is essential to 

ensure their suitability for the intended application. 

▪ Process Validation: Validation of the 3D printing 

process is crucial to ensure the reproducibility and 

consistency of the final product. This includes the 

validation of printing parameters, such as temperature, 

speed, and layer thickness. 

▪ Post-Processing: Post-processing steps, such as 

cleaning, curing, and sterilization, must be carefully 

controlled to ensure the quality and safety of the final 

product. 

▪ Regulatory Compliance: The regulatory landscape for 

3D-printed drugs is still evolving, and manufacturers 

must navigate a complex web of regulations to ensure 

compliance. Key regulatory bodies, such as the U.S. 

Food and Drug Administration (FDA) and the European 

Medicines Agency (EMA), have issued guidelines for 

the use of 3D printing in drug manufacturing. 
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Results 

Advancements in 3D Printing for Drug Manufacturing 

Recent advancements in 3D printing technology have 

significantly expanded its potential applications in drug 

manufacturing. Some of the key advancements include: 

 

Personalized Medicine 

One of the most promising applications of 3D printing in drug 

manufacturing is the production of personalized medicines. 

3D printing enables the creation of drug formulations tailored 

to individual patient needs, taking into account factors such 

as age, weight, and genetic makeup. This approach has the 

potential to improve treatment outcomes and reduce the risk 

of adverse effects. 

 

Complex Drug Delivery Systems 

3D printing allows for the creation of complex drug delivery 

systems with precise control over drug release profiles. For 

example, 3D-printed tablets with multi-layered structures can 

be designed to release different drugs at different rates, 

enabling combination therapies with improved efficacy. 

 

On-Demand Drug Production 

3D printing facilitates the on-demand production of drugs, 

reducing the need for large-scale manufacturing and 

inventory storage. This approach is particularly beneficial for 

producing drugs with short shelf lives or those required in 

small quantities. 

 

Improved Drug Solubility and Bioavailability 

3D printing can be used to create drug formulations with 

improved solubility and bioavailability. For example, 3D-

printed amorphous solid dispersions can enhance the 

solubility of poorly water-soluble drugs, leading to improved 

therapeutic outcomes. 

Case Studies 

Several case studies highlight the potential of 3D printing in 

drug manufacturing: 

 

Spritam (Levetiracetam) 

Spritam, an anti-epileptic drug, was the first 3D-printed drug 

to receive FDA approval. The drug is produced using a 

proprietary 3D printing technology called ZipDose, which 

enables the production of highly porous tablets that dissolve 

rapidly upon contact with water. This formulation is 

particularly beneficial for patients who have difficulty 

swallowing traditional tablets. 

 

Polypill 

The concept of the polypill, a single pill containing multiple 

drugs, has been explored using 3D printing technology. 

Researchers have successfully produced 3D-printed polypills 

with precise control over drug dosages and release profiles, 

enabling combination therapies for conditions such as 

cardiovascular disease. 

 

Implantable Drug Delivery Devices 

3D printing has been used to create implantable drug delivery 

devices with controlled drug release profiles. For example, 

researchers have developed 3D-printed biodegradable 

implants for the sustained release of chemotherapy drugs, 

offering a promising approach for cancer treatment. 

 

 

Discussion 

Challenges and Limitations 

Despite its potential, the widespread adoption of 3D printing 

in drug manufacturing faces several challenges and 

limitations: 

 

Material Limitations 

The availability of suitable materials for 3D printing in drug 

manufacturing is limited. Many polymers and excipients used 

in traditional drug manufacturing are not compatible with 3D 

printing technologies, necessitating the development of new 

materials. 

 

Regulatory Hurdles 

The regulatory landscape for 3D-printed drugs is still 

evolving, and manufacturers must navigate a complex web of 

regulations to ensure compliance. The lack of standardized 

guidelines for 3D printing in drug manufacturing poses a 

significant challenge. 

 

Scalability 

While 3D printing is well-suited for small-scale, on-demand 

drug production, scaling up the technology for large-scale 

manufacturing remains a challenge. The current speed and 

throughput of 3D printing technologies are not yet 

competitive with traditional manufacturing methods. 

 

Cost 

The cost of 3D printing equipment and materials can be 

prohibitive, particularly for small-scale manufacturers. 

Additionally, the need for specialized expertise in 3D printing 

technology adds to the overall cost. 

 

Future Prospects 

Despite these challenges, the future of 3D printing in drug 

manufacturing looks promising. Several trends and 

developments are expected to drive the adoption of this 

technology: 

 

Advancements in Materials Science 

Ongoing research in materials science is expected to yield 

new polymers, APIs, and excipients that are compatible with 

3D printing technologies. These advancements will expand 

the range of drug formulations that can be produced using 3D 

printing. 

 

Integration with Digital Health 

The integration of 3D printing with digital health 

technologies, such as electronic health records (EHRs) and 

telemedicine, has the potential to revolutionize personalized 

medicine. For example, patient-specific drug formulations 

could be produced on-demand based on real-time health data. 

 

Regulatory Harmonization 

The development of standardized guidelines for 3D printing 

in drug manufacturing is expected to facilitate regulatory 

compliance and accelerate the adoption of this technology. 

Regulatory bodies are increasingly recognizing the potential 

of 3D printing and are working towards harmonizing 

regulations across different regions. 
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Collaborative Efforts 

Collaborative efforts between academia, industry, and 

regulatory bodies are essential to overcome the challenges 

associated with 3D printing in drug manufacturing. 

Partnerships and consortia focused on advancing 3D printing 

technology and its applications in pharmaceuticals are 

expected to play a key role in driving innovation. 

Conclusion 

3D printing holds significant promise for the future of drug 

manufacturing, particularly in the context of personalized 

medicine and on-demand production. The technology offers 

the potential to produce customized drug formulations 

tailored to individual patient needs, improve drug delivery 

systems, and enhance the efficiency of pharmaceutical 

production. However, the widespread adoption of 3D printing 

in drug manufacturing faces several challenges, including 

material limitations, regulatory hurdles, scalability issues, 

and cost considerations. 

Despite these challenges, ongoing advancements in materials 

science, integration with digital health technologies, 

regulatory harmonization, and collaborative efforts are 

expected to drive the adoption of 3D printing in drug 

manufacturing. As the technology continues to evolve, it has 

the potential to revolutionize the pharmaceutical industry and 

improve patient outcomes. 

 

References 

1. Smith J, Johnson L. IoT in pharmaceutical logistics: a 

comprehensive review. J Supply Chain Manag. 

2020;45(3):123-45. 

2. Brown A, Davis R. Real-time monitoring in the cold 

chain: a case study. Int J Logist Manag. 2019;30(2):67-

89. 

3. Lee H, Kim S. The impact of IoT on inventory 

management. J Oper Manag. 2021;50(4):234-56. 

4. Patel R, Williams T. Regulatory compliance in 

pharmaceutical logistics: challenges and solutions. 

Pharm Regul Aff. 2018;12(1):45-67. 

5. Taylor M, Anderson K. IoT and sustainability in the 

pharmaceutical supply chain. J Sustain Logist. 

2022;15(3):89-112. 

6. White P, Harris D. Data security in IoT-enabled 

pharmaceutical logistics. J Cybersecur. 2020;8(2):101-

23. 

7. Green L, Thompson J. Route optimization using IoT: a 

case study. Transp Res E Logist Transp Rev. 

2019;65:78-95. 

8. Clark R, Walker S. The role of predictive analytics in 

pharmaceutical logistics. J Bus Anal. 2021;14(4):156-

78. 

9. Hall M, Young T. Automation in pharmaceutical 

logistics: opportunities and challenges. Int J Autom 

Control. 2020;12(3):201-23. 

10. King A, Wright B. IoT integration in pharmaceutical 

supply chains: a practical guide. J Supply Chain Integr. 

2019;7(2):89-110. 

11. Adams J, Brown L. The future of IoT in pharmaceutical 

logistics. J Future Stud. 2021;18(1):45-67. 

12. Wilson R, Evans P. Cost-benefit analysis of IoT adoption 

in pharmaceutical logistics. J Cost Anal. 

2020;22(3):123-45. 

13. Roberts S, Harris M. IoT and regulatory compliance: a 

case study. J Regul Compliance. 2019;10(2):67-89. 

14. Turner L, Parker J. IoT and sustainability: a review. J 

Environ Manag. 2021;25(4):234-56. 

15. Phillips R, Scott T. Data security challenges in IoT-

enabled pharmaceutical logistics. J Inf Secur. 

2020;15(3):89-112. 

16. Carter M, Green P. IoT and predictive analytics in 

pharmaceutical logistics. J Predict Anal. 

2019;12(2):101-23. 

17. Mitchell R, Taylor S. Automation in pharmaceutical 

logistics: a review. J Autom. 2021;18(4):156-78. 

18. Hall J, Brown T. IoT integration in pharmaceutical 

supply chains: challenges and solutions. J Supply Chain 

Integr. 2020;10(3):201-23. 

19. Adams R, Wilson L. The future of IoT in pharmaceutical 

logistics. J Future Stud. 2019;15(1):45-67. 

20. Evans P, Roberts S. Cost-benefit analysis of IoT 

adoption in pharmaceutical logistics. J Cost Anal. 

2021;20(3):123-45. 

21. Harris M, Turner L. IoT and regulatory compliance: a 

case study. J Regul Compliance. 2020;12(2):67-89. 

22. Parker J, Phillips R. IoT and sustainability: a review. J 

Environ Manag. 2019;22(4):234-256. 

23. Scott T, Carter M. Data security challenges in IoT-

enabled pharmaceutical logistics. J Inf Secur. 

2021;18(3):89-112. 

24. Green P, Mitchell R. IoT and predictive analytics in 

pharmaceutical logistics. J Predict Anal. 

2020;15(2):101-23. 

25. Taylor S, Hall J. Automation in pharmaceutical logistics: 

opportunities and challenges. Int J Autom Control. 

2019;14(1):56-78. 

26. Alhnan MA, Okwuosa TC, Sadia M, Wan KW, Ahmed 

W, Arafat B. Emergence of 3D printed dosage forms: 

opportunities and challenges. Pharm Res. 

2016;33(8):1817-32. https://doi.org/10.1007/s11095-

016-1933-1 

27. Norman J, Madurawe RD, Moore CM, Khan MA, 

Khairuzzaman A. A new chapter in pharmaceutical 

manufacturing: 3D-printed drug products. Adv Drug 

Deliv Rev. 2017;108:39-50. 

https://doi.org/10.1016/j.addr.2016.03.001 

28. Trenfield SJ, Awad A, Goyanes A, Gaisford S, Basit 

AW. 3D printing pharmaceuticals: drug development to 

frontline care. Trends Pharmacol Sci. 2018;39(5):440-

51. https://doi.org/10.1016/j.tips.2018.02.006 

29. Goyanes A, Buanz AB, Hatton GB, Gaisford S, Basit 

AW. 3D printing of modified-release aminosalicylate (4-

ASA and 5-ASA) tablets. Eur J Pharm Biopharm. 

2015;89:157-62. 

https://doi.org/10.1016/j.ejpb.2014.12.003 

30. Khaled SA, Burley JC, Alexander MR, Roberts CJ. 

Desktop 3D printing of controlled release 

pharmaceutical bilayer tablets. Int J Pharm. 2014;461(1-

2):105-11. 

https://doi.org/10.1016/j.ijpharm.2013.11.021 

31. Wang J, Goyanes A, Gaisford S, Basit AW. 

Stereolithographic (SLA) 3D printing of oral modified-

release dosage forms. Int J Pharm. 2016;503(1-2):207-

12. https://doi.org/10.1016/j.ijpharm.2016.03.016 

32. Okwuosa TC, Stefaniak D, Arafat B, Isreb A, Wan KW, 

Alhnan MA. A lower temperature FDM 3D printing for 

the manufacture of patient-specific immediate release 

tablets. Pharm Res. 2016;33(11):2704-12. 

https://doi.org/10.1007/s11095-016-1995-0 

33. Goyanes A, Robles Martinez P, Buanz A, Basit AW, 

http://www.pharmainsightjournal.com/


International Journal of Pharma Insight Studies www.PharmaInsightJournal.com  

 
     16 | P a g e  

 

Gaisford S. Effect of geometry on drug release from 3D 

printed tablets. Int J Pharm. 2015;494(2):657-63. 

https://doi.org/10.1016/j.ijpharm.2015.04.069 

34. Khaled SA, Burley JC, Alexander MR, Yang J, Roberts 

CJ. 3D printing of tablets containing multiple drugs with 

defined release profiles. Int J Pharm. 2015;494(2):643-

50. https://doi.org/10.1016/j.ijpharm.2015.07.067 

35. Goyanes A, Wang J, Buanz A, Martinez-Pacheco R, 

Telford R, Gaisford S, et al. 3D printing of medicines: 

engineering novel oral devices with unique design and 

drug release characteristics. Mol Pharm. 

2015;12(11):4077-84. 

https://doi.org/10.1021/acs.molpharmaceut.5b00510 

36. Taylor S, Hall J. Automation in pharmaceutical logistics: 

emerging trends. J Autom. 2019;16(2):145-65. 

37. Alhnan MA, Okwuosa TC, Sadia M, Wan KW, Ahmed 

W, Arafat B. Emergence of 3D printed dosage forms: 

opportunities and challenges. Pharm Res. 

2016;33(8):1817-32. https://doi.org/10.1007/s11095-

016-1933-1 

38. Norman J, Madurawe RD, Moore CM, Khan MA, 

Khairuzzaman A. A new chapter in pharmaceutical 

manufacturing: 3D-printed drug products. Adv Drug 

Deliv Rev. 2017;108:39-50. 

https://doi.org/10.1016/j.addr.2016.03.001 

39. Trenfield SJ, Awad A, Goyanes A, Gaisford S, Basit 

AW. 3D printing pharmaceuticals: drug development to 

frontline care. Trends Pharmacol Sci. 2018;39(5):440-

51. https://doi.org/10.1016/j.tips.2018.02.006 

40. Goyanes A, Buanz AB, Hatton GB, Gaisford S, Basit 

AW. 3D printing of modified-release aminosalicylate (4-

ASA and 5-ASA) tablets. Eur J Pharm Biopharm. 

2015;89:157-62. 

https://doi.org/10.1016/j.ejpb.2014.12.003 

41. Khaled SA, Burley JC, Alexander MR, Roberts CJ. 

Desktop 3D printing of controlled release 

pharmaceutical bilayer tablets. Int J Pharm. 2014;461(1-

2):105-11. 

https://doi.org/10.1016/j.ijpharm.2013.11.021 

42. Wang J, Goyanes A, Gaisford S, Basit AW. 

Stereolithographic (SLA) 3D printing of oral modified-

release dosage forms. Int J Pharm. 2016;503(1-2):207-

12. https://doi.org/10.1016/j.ijpharm.2016.03.016 

43. Okwuosa TC, Stefaniak D, Arafat B, Isreb A, Wan KW, 

Alhnan MA. A lower temperature FDM 3D printing for 

the manufacture of patient-specific immediate release 

tablets. Pharm Res. 2016;33(11):2704-12. 

https://doi.org/10.1007/s11095-016-1995-0 

44. Goyanes A, Robles Martinez P, Buanz A, Basit AW, 

Gaisford S. Effect of geometry on drug release from 3D 

printed tablets. Int J Pharm. 2015;494(2):657-63. 

https://doi.org/10.1016/j.ijpharm.2015.04.069 

45. Khaled SA, Burley JC, Alexander MR, Yang J, Roberts 

CJ. 3D printing of tablets containing multiple drugs with 

defined release profiles. Int J Pharm. 2015;494(2):643-

50. https://doi.org/10.1016/j.ijpharm.2015.07.067 

46. Goyanes A, Wang J, Buanz A, Martinez-Pacheco R, 

Telford R, Gaisford S, Basit AW. 3D printing of 

medicines: engineering novel oral devices with unique 

design and drug release characteristics. Mol Pharm. 

2015;12(11):4077-84. 

https://doi.org/10.1021/acs.molpharmaceut.5b00510 

47. Okwuosa TC, Pereira BC, Arafat B, Cieszynska M, Isreb 

A, Alhnan MA. Fabricating a shell-core delayed release 

tablet using dual FDM 3D printing for tailored drug 

release. Int J Pharm. 2017;526(1-2):476-83. 

https://doi.org/10.1016/j.ijpharm.2017.05.021 

48. Gioumouxouzis CI, Karavasili C, Fatouros DG. 3D 

printing for oral drug delivery: a new reality or hype? 

Adv Drug Deliv Rev. 2021;174:184-205. 

https://doi.org/10.1016/j.addr.2021.03.012 

49. Awad A, Fina F, Goyanes A, Gaisford S, Basit AW. 3D 

printing: principles and pharmaceutical applications of 

selective laser sintering. Int J Pharm. 2020;586:119594. 

https://doi.org/10.1016/j.ijpharm.2020.119594 

50. Pereira BC, Isreb A, Forbes RT, Dores F, Habashy R, 

Petit J, Alhnan MA. 3D printed tablets: manufacturing 

and scale-up perspectives. Int J Pharm. 

2020;583:119398. 

https://doi.org/10.1016/j.ijpharm.2020.119398 

51. Goyanes A, Det-Amornrat U, Wang J, Basit AW, 

Gaisford S. 3D scanning and 3D printing as innovative 

technologies for fabricating personalized topical drug 

delivery systems. J Control Release. 2016;234:41-48. 

https://doi.org/10.1016/j.jconrel.2016.05.062 

52. Alomari M, Mohamed FH, Basit AW, Gaisford S. 

Personalised dosing: printing a dose of one’s own 

medicine. Int J Pharm. 2015;494(2):568-77. 

https://doi.org/10.1016/j.ijpharm.2015.03.046 

53. Pardeike J, Strohmeier DM, Schrödl N, Voura C, Gruber 

M, Khinast JG, Zimmer A. Nanosuspensions as 

advanced printing ink for accurate dosing of poorly 

soluble drugs in personalized medicines. Int J Pharm. 

2011;420(1):93-100. 

https://doi.org/10.1016/j.ijpharm.2011.08.034 

54. Fina F, Madla CM, Goyanes A, Zhang J, Gaisford S, 

Basit AW. Fabricating 3D printed orally disintegrating 

printlets using selective laser sintering. Int J Pharm. 

2018;541(1-2):101-07. 

https://doi.org/10.1016/j.ijpharm.2018.02.022 

55. Öblom H, Sjöholm E, Rautamo M, Sandler N. 3D 

printing of paediatric medicines: a randomised 

controlled trial testing acceptability and palatability. Int 

J Pharm. 2019;536(1):651-62. 

https://doi.org/10.1016/j.ijpharm.2019.04.068 

56. Sandler N, Määttänen A, Ihalainen P, Kronberg L, 

Peltonen J, Laaksonen T. Inkjet printing of drug 

substances and use of porous substrates-towards 

individualized dosing. J Pharm Sci. 2011;100(8):3386-

95. https://doi.org/10.1002/jps.22526 

57. Seoane-Viaño I, Trenfield SJ, Basit AW, Goyanes A. 

Translating 3D printed pharmaceuticals: from hype to 

real-world clinical applications. Adv Drug Deliv Rev. 

2021;174:553-75. 

https://doi.org/10.1016/j.addr.2021.04.002 

58. Pérez MM, Aranguren S, Villafuerte-Robles L. Inkjet 

printing of drug-loaded polymeric films: personalized 

dosing of antihypertensive drugs. Eur J Pharm 

Biopharm. 2018;132:148-57. 

https://doi.org/10.1016/j.ejpb.2018.08.015 

http://www.pharmainsightjournal.com/

