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__________________________________________________________________________________________________________ 

Abstract: Three-dimensional (3D) printing has caused a paradigm shift in pharmaceuticals and clinical pharmacy practice, moving 

away from the conventional mass production of pharmaceuticals and toward individualized therapeutic products that are unique to 

each patient. The idea could benefit patients, pharmacists, and the pharmaceutical industry by enabling the on-demand design and 

production of flexible formulations with personalized dosages, forms, sizes, drug release, and multi-drug combinations. This is a 

pivotal moment in the history of 3D printing technology in the pharmaceutical sector, and the collaboration and support of medical 

professionals—including doctors, nurses, pharmacists, and pharmacy technicians—will be necessary for its broad integration into 

clinical practice. This paper emphasizes the significance that healthcare professionals are to the future use of 3D printing in the 

pharmaceutical sector. The most recent cutting-edge 3D printing methods are also outlined, along with the primary benefits and 

justifications for 3D printing in the pharmaceutical sector. 
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__________________________________________________________________________________________________________ 

Introduction: The idea of personalized medicine, which 

entails customizing medical care for each patient, has surfaced 

in recent years. Traditionally, pharmaceuticals are 

manufactured in large quantities in a few different strengths, 

primarily using processes that date back more than 200 years. 

Crucially, the dosage schedules selected match the quantity 

required for the "average" patient to have a successful and safe 

outcome [1]. However, in the UK, up to 70% of patients do not 

benefit from traditional mass manufacturing procedures, 90% 

of pharmaceuticals only work in 30–50% of people, and 

adverse drug reactions account for 7% of hospital admissions 

[2, 3]. 

Clinical pharmacy practice is undergoing a paradigm shift as a 

result of the development of 3D printing and other digital 

health technologies. This shift is leading to a vision of a novel 

and digitalized treatment route that can adjust to the changing 

demands of each individual patient [4]. Levetiracetam was the 

only 3D printed medication approved for human use by the US 

Food and Drug Administration (FDA) in 2016 [5]. In February 

2021, the FDA authorized a clinical study evaluating a 3D-

printed pharmaceutical product designed for the treatment of 

rheumatoid arthritis [6, 7]. Shortly thereafter, in March 2021, 

the UK Medicines and Healthcare Products Regulatory Agency 

(MHRA) proposed an updated regulatory framework to 

facilitate point-of-care (POC) manufacturing and distribution, 

including the production of personalized medicines through 

3D-printing technologies. According to the proposal, medicines 

manufactured at POC facilities would continue to undergo 

safety assessments based on conventional drug development 

approaches, including preclinical and clinical investigations. 

However, these regulatory requirements would be adapted to 

address the unique challenges associated with decentralized 

manufacturing across multiple sites. The proposed framework 

aims to support the timely production of patient-specific 

therapies by eliminating certain regulatory constraints, such as 

the need for individual POC sites to be specified within the 

marketing authorization or subjected to separate MHRA 

inspections. Further details regarding the proposed framework 

can be found in the MHRA guidance document [8]. 

Thanks to the recent development and adoption of non-invasive 

drug and disease-monitoring strategies (e.g., smart wearable 

devices combined with artificial intelligence [AI]) and 

electronic prescriptions, 3D printing offers a unique platform 

that can produce medicines in response to changing situations 

and patient needs in a rapid, digital, and decentralized manner 

[9]. Several studies have shown how AI and 3D printing 

technologies may be combined to offer several benefits, 

including determining printability and ensuring the quality and 

safety of the final printed medication [10, 11]. This concept 

could herald in a new era of digital pharmacies by enabling the 

transmission of electronic prescriptions to a decentralized 3D 

printer site for real-time tailored drug delivery (see Figure 1). 

Numerous stakeholders, including major pharmaceutical 

companies, biotech start-ups, clinical pharmacists, physicians, 

academic researchers, and research funding organizations, are 

investigating this concept worldwide [12]. In order to advance 

innovations like 3D printing into practice, the Academy of 

PAPER ID: 20260202039 



Jagannath University Journal of Research and Review (JUJRR), Volume No. 02, Issue No. 02 (July, 2026)                                        ISSN: 3049-1290 
 

234 
 

Pharmaceutical Sciences (APS) formed the APS Emerging 

innovations Focus Group in March 2021. In order to debate the 

concept of 3D printing medications, the Academy also 

organized the 2019 Additive Manufacturing Symposium, 

which brought together academics, business, biotech firms, and 

regulators. 

This article presents an overview of the principal 3D-printing 

technologies employed in the pharmaceutical sector, 

highlighting the key factors driving their adoption and the most 

advanced applications currently being explored. It also 

examines the significant contribution of healthcare 

professionals in fostering innovation and facilitating the 

implementation of 3D-printing technologies within 

pharmaceutical practice. Furthermore, the article discusses the 

major challenges and barriers that continue to affect the 

successful integration of these technologies into routine 

pharmaceutical manufacturing and healthcare systems. 

 

Fig. no. 1: Simple schematic representation of binder jet 3D 

printing process used for pharmaceutical dosage forms. 

Types of Pharmaceutical 3D-Printing Systems 

Three-dimensional (3D) printing was first developed and 

commercialized by Charles Hull in 1986, marking the 

beginning of a technology that has since evolved into multiple 

distinct printing approaches [13, 14]. Today, the term “3D 

printing” encompasses a broad range of additive manufacturing 

techniques that are increasingly being explored for 

pharmaceutical applications. Despite differences in operating 

principles, these technologies generally follow a similar 

workflow for the fabrication of pharmaceutical dosage forms, 

often referred to as the “3Ds of 3D Printing” [15]. 

Design: The process begins with the digital design of the 

dosage form using computer-aided design (CAD) software. 

This stage enables pharmacists or formulation scientists to 

customize characteristics such as the size, shape, and geometry 

of the printlet according to specific preclinical or clinical 

requirements. Once finalized, the digital design is transferred to 

the selected 3D-printing system for fabrication. 

Develop: In the development stage, a suitable printing material 

or “ink,” containing the active pharmaceutical ingredient along 

with selected excipients, is prepared and loaded into the 

printer. Printing parameters are then optimized based on factors 

such as the printing technology employed, physicochemical 

properties of the drug, and desired product attributes. Variables 

including printing temperature, layer resolution, and printing 

speed are carefully adjusted to ensure successful production of 

the dosage form. 

Dispense: The final stage involves the automated fabrication of 

the designed dosage form by the 3D printer. The formulation is 

constructed sequentially in a layer-by-layer manner according 

to the digital blueprint. Once manufacturing is complete, the 

printed medicine is available for dispensing to the patient by 

the pharmacist. 

Currently, six major 3D-printing technologies have been 

investigated for pharmaceutical manufacturing, as summarized 

in Table 1. These include fused deposition modelling (FDM), 

selective laser sintering (SLS), stereolithography (SLA), binder 

jet (BJ) printing, direct powder extrusion (DPE), and semi-

solid extrusion (SSE) [16, 17]. 

Each of these technologies operates through distinct 

manufacturing principles and requires specific technical 

conditions. Their versatility enables the production of 

individualized dosage forms with diverse drug-release profiles 

and therapeutic characteristics. Depending on the selected 

printing method and formulation design, dosage forms can be 

engineered to provide immediate drug release, rapid 

disintegration, delayed release, or sustained-release 

performance. Table 1 presents a detailed overview of these 

technologies, their operating mechanisms, and the range of 

pharmaceutical products that can be fabricated using each 

approach [18, 19]. 

 

Motivations for 3D printing medicines 

The potential of 3D printing to customize therapies in an 

automated and decentralized manner can benefit patients, 

pharmacists, clinicians, and the pharmaceutical industry. 

Benefits to patients 

One major benefit of 3D printing drugs is the ability to truly 

tailor a treatment to a patient's therapeutic or specific demands. 

Patients may be prompted to select a formulation type from a 

catalog in the future, giving them the option to select 

characteristics like flavor, texture, color, shape, and size. In 

addition to increasing patient autonomy and engagement with 

treatment paths, this would enhance drug adherence [20]. 

Enabling the production of pharmaceuticals with precise 

dosages or even mixing flexible quantities of multiple 

substances to create a 3D printed polyprintlet can improve 

treatment efficacy and reduce the likelihood of negative effects 

from improper dosing [21, 22]. 

Pediatrics 

The pediatric population stands to benefit significantly from 

advances in 3D-printing technology, particularly because 

conventional mass-manufactured medicines often fail to meet 

the specific needs of children. Limitations such as unsuitable 
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dosage strengths, poor taste, and difficulties in swallowing can 

reduce treatment adherence and therapeutic effectiveness [23, 

24]. By enabling the production of medicines with customized 

doses, shapes, sizes, and flavors, 3D printing offers a 

promising approach to developing child-friendly 

pharmaceutical formulations. 

Several investigations have explored the use of 3D printing for 

the fabrication of pediatric dosage forms, including chewable 

preparations and confectionery-inspired medicines designed to 

improve acceptability among young patients [25, 26]. For 

instance, Scoutaris et al. (2018) employed fused deposition 

modelling (FDM) to manufacture “candy-like” drug 

formulations containing active ingredients such as 

indomethacin. These printlets were designed to resemble 

commercially available Haribo Starmix® sweets, thereby 

enhancing their appeal to children [27]. Nevertheless, while 

improved palatability can increase medication adherence, 

excessive resemblance to confectionery products may raise 

concerns regarding accidental overconsumption and patient 

safety. 

In another study, Januskaite et al. (2020) investigated the visual 

preferences of children aged 4–11 years toward printlets 

produced using four different 3D-printing technologies: digital 

light processing (DLP), selective laser sintering (SLS), semi-

solid extrusion (SSE), and fused deposition modelling (FDM) 

[70]. The formulations were assessed based on perceived 

appearance, texture, familiarity, and expected flavor. DLP-

generated printlets were identified as the most visually 

attractive by approximately 62% of participants, followed by 

those produced using SLS, FDM, and SSE. Interestingly, when 

informed that SSE printlets were chewable, nearly 79% of 

children revised their initial preference, highlighting a strong 

inclination toward chewable dosage forms [28]. 

A landmark clinical investigation conducted in 2019 

demonstrated the practical application of pharmaceutical 3D 

printing within a hospital pharmacy environment [29,30]. 

Implemented at the Clinic Hospital of the University of 

Santiago de Compostela in Spain, the study focused on 

children aged 3–16 years diagnosed with maple syrup urine 

disease, a rare inherited metabolic disorder characterized by 

impaired amino acid metabolism and the accumulation of toxic 

metabolites in blood and urine. 

Using semi-solid extrusion technology, researchers fabricated 

personalized chewable isoleucine printlets in multiple colors, 

flavors, and dosage strengths. The study evaluated both patient 

acceptance and blood isoleucine concentrations following 

treatment. After six months, the 3D-printed formulations 

demonstrated improved tolerability and more favorable 

pharmacokinetic outcomes compared with conventional 

isoleucine therapy. Although individual flavor preferences 

differed among participants, all formulations received positive 

acceptance overall [31]. 

Further advancements in this area are ongoing. Researchers at 

Alder Hey Hospital in Liverpool are currently exploring the 

development of personalized 3D-printed hydrocortisone 

formulations tailored specifically for pediatric patients, 

highlighting the growing potential of additive manufacturing in 

individualized pediatric pharmacotherapy [32]. 

  
Figure no. 2: Chewable printlets in different flavours, colours 

and with different doses of isoleucine for the world-first 

clinical study using 3D printed chewable tablets to treat 

children with maple syrup urine disease (33, 34). 

 

Older people 

Older people or those on complicated dosage schedules where 

polypharmacy is prevalent and results in a high tablet load may 

benefit from 3D printing. Polypharmacy has been shown in 

studies to increase patient confusion and non-adherence, which 

increases the chance of dose errors [35].  

Traditional manufacturing procedures now only produce fixed-

dose combinations, despite the potential benefits of mixing 

multiple drugs, doses, and/or drug-release patterns into a single 

formulation for enhancing medication adherence and reducing 

administration errors. Because of its versatility and capacity to 

precisely disperse drugs in space, 3D printing offers the 

potential to produce "polyprintlets" [36]. Many studies have 

demonstrated the production of polyprintlets using a range of 

technologies [37, 38]. In 2019, for example, Robles-Martinez 

et al. employed SLA to produce 3D printed polyprintlets with 

six different drugs (prednisolone, aspirin, caffeine, 

paracetamol, naproxen, and chloramphenicol) separated into 

six compartments. This made it possible to reduce the number 

of pills from six to one [39]. 

Low-dose antihypertensive polypills including atenolol, 

ramipril, pravastatin, aspirin, and hydrochlorothiazide were 

created using FDM 3D printing in a 2015 study [40]. It should 

be mentioned that although 3D printing makes it possible to 

print polypills, this will probably only be appropriate for 

medications with modest therapeutic dosages (microgram to 

milligram dose strength) in order to guarantee that the 

formulation's size is appropriate for administration. 

A partnership between Gustave Roussy, a top oncology 

hospital in Paris, and FabRx, a spin-out biotech business from 

University College London [UCL], was announced in June 
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2021 with the goal of bringing multi-drug 3D printed 

formulations into the clinic [41]. As part of this collaboration, 

patients with early-stage breast cancer will be treated with 

customized, multi-drug 3D printed dosage forms that combine 

anticancer therapy and anti-side effect medication into a single 

pill. The printed drugs will be assessed in a multi-center 

clinical study to see how well they enhance acceptance, 

adherence, and ultimately patient outcomes when compared to 

the traditional treatment regimen. 

3D printing technologies may make pharmaceuticals more 

independent. Oral disintegrating printlets with Braille and 

moon patterns on the surface of dosage forms have been made 

using SLS to assist visually impaired patients in identifying 

their medications (see Figure 3) [42]. The printlets were also 

made in other forms to offer additional details, such as the 

dosing schedule. 

Benefits of 3D Printing in Clinical Pharmacy Practice 

The compact size, portability, and operational simplicity of 

modern 3D printers make them highly suitable for 

implementation within both community and hospital pharmacy 

settings. Among the available technologies, fused deposition 

modeling (FDM), semi-solid extrusion (SSE), and direct 

powder extrusion (DPE) are particularly attractive for point-of-

care pharmaceutical manufacturing. The growing interest in 

integrating 3D printing into clinical pharmacy stems from its 

ability to provide an automated and highly flexible 

compounding platform capable of producing patient-specific 

medications on demand. 

A major advantage of this technology is its capacity to 

fabricate dosage forms with customized dimensions, 

geometries, and drug contents. Pharmacists can tailor 

formulations according to individual therapeutic requirements 

by adjusting dose strengths, modifying excipient compositions, 

or incorporating different active pharmaceutical ingredients as 

clinical circumstances evolve [43]. Such flexibility supports the 

principles of personalized medicine and allows treatment 

regimens to be optimized for individual patients. 

Although large-scale industrial manufacturing is expected to 

remain the dominant method for producing many 

pharmaceutical products, 3D printing offers significant benefits 

in situations where personalized therapy is required [44, 45]. 

Conventional oral medications are frequently available only in 

limited strengths or dosage forms, forcing pharmacists to rely 

on extemporaneous compounding or specialized manufacturers 

to meet unique patient needs [46]. These approaches often 

require substantial time, labor, and financial resources, creating 

barriers to timely access to appropriate therapies. 

Another challenge associated with conventional practice is 

tablet splitting to achieve individualized doses. Dividing tablets 

manually may result in inaccurate dosing, inconsistent dose 

distribution, and potential alterations in drug-release 

characteristics, particularly in modified-release or enteric-

coated products [47, 48]. Consequently, patient safety and 

treatment effectiveness may be compromised. 

Several studies have demonstrated the potential of 3D printing 

to address these limitations by producing dose-flexible 

formulations of drugs with narrow therapeutic indices, 

including tacrolimus, levothyroxine, and warfarin 

[15,28,49,50]. In a study conducted by Zheng et al., the 

accuracy and uniformity of 3D-printed spironolactone tablets 

were compared with commercially available tablets that had 

been manually divided by pharmacists. The findings indicated 

that the 3D-printed formulations provided superior dosing 

precision and improved safety compared with split tablets [51]. 

Beyond clinical advantages, 3D printing may also contribute to 

more sustainable pharmaceutical manufacturing practices. 

Additive manufacturing techniques typically utilize only the 

materials required for production, minimizing wastage of 

active ingredients and excipients. This feature is particularly 

valuable when working with high-cost medications, where 

material conservation can significantly reduce overall expenses 

[15]. Furthermore, medicines can be produced only when 

needed, decreasing inventory requirements, reducing product 

losses during storage, and minimizing the environmental 

impact associated with transportation and cold-chain logistics. 

The availability of on-site pharmaceutical 3D printers could 

improve patient access to personalized therapies, reduce 

production costs, and shorten treatment delays by enabling 

rapid formulation preparation within healthcare facilities. Such 

systems may prove especially useful in resource-limited or 

time-sensitive environments, including emergency 

departments, disaster-response settings, ambulances, remote 

healthcare locations, and even long-duration space missions, 

where immediate access to tailored medications is essential. 

Despite these promising developments, several challenges must 

be addressed before widespread clinical implementation can 

occur. Future efforts should focus on establishing robust 

quality assurance systems for point-of-care manufacturing, 

developing comprehensive regulatory frameworks for 3D-

printed medicines, and encouraging greater participation of 

healthcare professionals, particularly pharmacists and 

clinicians, in the adoption and management of this emerging 

technology. 

Benefits to the pharmaceutical industry 

The pharmaceutical business can profit greatly from 3D 

printing technologies, particularly in the early stages of drug 

development [52]. From drug development to a commercially 

available formulation, the process takes ten to fifteen years and 

costs an average of £1.3 billion [53]. As demonstrated by the 

recent COVID-19 pandemic, which necessitated quick 

therapeutic development and repurposing studies, there is a 

pressing need to shorten time and cost to market in order to 

accelerate drug development timelines. 

During pre-clinical and clinical formulation development, 3D 

printing could be used as a quick prototyping method to assess 

one-off or small batches of various therapeutic product 

iterations [54]. This rapid prototyping may speed up the 

assessment of how different formulation compositions affect 

critical quality metrics (such drug efficacy in in vitro and in 
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vivo models). Thus far, 3D printed formulations have been 

tested on a variety of pre-clinical animal models [55, 56, 57]. 

Therefore, 3D printing may provide an earlier understanding of 

formulation and process factors compared to time-consuming 

traditional manufacturing methods, which could result in a 

quicker entry into first-in-human (FIH) clinical trials and a 

reduction in development time and expenditure. Additionally, 

during pre-clinical and early phase clinical trials to evaluate 

safety and efficacy, small quantities of dose-flexible medical 

items could be manufactured on demand utilizing 3D printing 

[58]. In order to produce large numbers of personalized or 

customized drugs, the pharmaceutical industry may use 3D 

printing as an alternative production method. From an 

economic perspective, it is likely that conventional 

manufacturing methods (such tableting or encapsulation) for 

drugs with large quantities and little added value will remain 

economical in centralized facilities [10]. Nonetheless, 3D 

printed formulas that need to be customized to enhance 

therapeutic results have merit. Formulations might be mass-

customized to patient needs via 3D printing at local centers, as 

is already the case in the healthcare industry. Approximately 

1,000 customized hearing aids are produced daily by several 

large manufacturers using 3D printing, each of which is shaped 

and scaled to fit the patient's ear canal [59]. 

Pharmaceutical companies may employ 3D printing to produce 

drugs on demand in decentralized settings like pharmacies, 

clinics, or even a patient's home. Additionally, this could assist 

pharmaceutical companies in lowering their overall logistics 

and transportation costs, which would lessen the carbon 

footprint of the transportation industry and do away with the 

need for energy-intensive storage conditions, such as cold-

chain storage for medications that are sensitive to temperature 

changes [60]. Even though 3D printing's potential is still being 

explored, a shift in business strategy and methodology will be 

required for its integration into the pharmaceutical industry 

before it is widely used. 

 

The future of pharmacy: a roadmap to 3D printing integration 

There are many published research papers demonstrating the 

potential and role of 3D printing technologies for medicines 

manufacture and patient care[61].  Figure 4 shows a timeline of 

3D printing in pharmaceuticals and highlights the major 

milestones of this technology in the sector.  

In order to promote 3D printing technology for practical 

benefits for patients and pharmacists, we are at a turning point 

that requires support from a variety of important stakeholders, 

including researchers, regulators, physicians, pharmacists, and 

patients. Before widespread integration in the pharmaceutical 

industry is feasible, a number of obstacles must be overcome, 

such as regulatory requirements, expanding the body of 

evidence proving safety and efficacy, and the continued 

development of pharmaceutically appropriate 3D printers and 

dosage forms that are widely accepted by patients, clinicians, 

and pharmacists [62]. 

Significant progress has been made in overcoming these 

obstacles. Previously, 3D printers that were sold commercially 

were not standardized or suitable for manufacturing 

pharmaceuticals (i.e., they were not verified to adhere to good 

manufacturing practices [GMP]). Pharmaceutical 3D printers 

have been developed in recent years by biotech businesses and 

regulatory bodies to produce safe and efficient printlets for 

pharmaceutical usage. A pharmaceutical 3D printer created by 

FabRx is one example [63]. This multi-nozzle GMP printer 

was created in close consultation with hospital end users and 

regulatory bodies, such as the MHRA, to design a system that 

is appropriate for the manufacturing of pharmaceuticals. 

Aprecia Pharmaceutical's ZipDose technology, a scaled-up 

binder jet printing method that allows for the mass production 

of extremely porous and quickly dissolving oral medicinal 

formulations including levetiracetam for the treatment of 

epilepsy, is another pharmaceutical printer [38]. 

Additionally, Triastek has introduced a scaled-up melt 

extrusion method that makes it possible to produce distinctive 

pharmaceutical products for clinical trials [64]. GMP-

compliant pharmaceutical printers are being developed by 

other businesses such as DiHeSys, Vitae Industries, and Craft 

Health; however, no studies utilizing these printing 

technologies have been published as of yet [65, 66, 67]. 
 

  

Figure no. 3: Graphical timeline of the advances in 3D 

printed medicines between 1995 and the present day 

Despite the abundance of data that supports 3D printing in the 

pharmaceutical sector, more needs to be done to guarantee that 

everyone is at ease utilizing the technology. Many 

technological and regulatory challenges remain, such as how to 

ensure the quality and safety of the pharmaceuticals that are 

produced. The traditional manufacturing of pharmaceuticals 

requires adherence to GMP and strict testing criteria, such as 

evaluating the risk of cross-contamination, weight uniformity, 

and strict cleaning requirements [15]. However, because of 

their inherent cost, duration, and hazardous nature, current 

testing techniques are inappropriate for assessing 3D printed 

drugs. 

New and real-time approaches to guaranteeing the quality and 

safety of pharmaceutical formulations created with 3D printers 

are being investigated in an attempt to overcome this problem. 

For example, researchers have investigated the application of 

real-time analytical technologies such as near-infrared 

spectroscopy and Raman spectroscopy [68, 69]. Others have 

suggested using "track and trace" techniques, which include 

data matrices and QR codes on formulations that can be 

https://pharmaceutical-journal.com/article/research/3d-printing-of-pharmaceuticals-and-the-role-of-pharmacy#figure-4
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scanned with a smartphone or barcode readers, to ensure the 

safety and quality of pharmaceutical items [70, 71, 72]. Others 

have highlighted the potential of a block chain to enhance 

security and track printed formulas [73]. Additionally, as 

previously stated, several companies are developing GMP-

compliant 3D printers that can be properly cleaned and 

validated to ensure the quality and safety of printed 

pharmaceutical products. These innovative methods will 

provide a means of facilitating the integration of 3D printed 

technology in healthcare settings and assure the quality of 3D 

printed tablets in real time. 

There are still certain technological challenges to be solved 

before the method is extensively used; for instance, there are 

now not enough materials and excipients suitable for the 

production of 3D printed drugs [74]. Furthermore, the use of 

3D printing in decentralized areas is likely to give rise to 

ethical and legal concerns, such as those concerning the 

security and protection of patient data, the potential for 

counterfeit goods, patient safety and liability issues, and the 

necessity of pharmacovigilance procedures and guidelines to 

ensure that side effects are appropriately identified and 

addressed. 

To far, few studies have been carried out in "real-world" 

clinical settings involving patients to evaluate the acceptability 

of 3D-printed formulations and pharmacists as the end users of 

the technology. It is crucial to move toward a multidisciplinary 

approach to 3D printing research, and all important 

stakeholders—including patients, physicians, pharmacists, and 

big pharma—must talk about how this technology will advance 

in the industry moving forward. Increased funding from 

research donors and support from regulatory bodies are also 

essential. 

 

The Role of Pharmacy in 3D-Printed Medicines 

The successful implementation of pharmaceutical 3D printing 

depends heavily on the active involvement of pharmacists and 

pharmacy technicians working across academia, industry, 

healthcare institutions, governmental organizations, and 

regulatory agencies. Owing to their expertise in drug 

formulation, manufacturing, and patient care, pharmacy 

professionals are uniquely positioned to guide the 

development, adoption, and regulation of 3D-printing 

technologies within pharmaceutical practice. Their 

contributions are essential in determining the most appropriate 

applications, settings, and implementation strategies for these 

emerging manufacturing systems. 

Pharmacists have played a pioneering role in advancing 

pharmaceutical 3D printing and were among the first 

healthcare professionals to recognize its potential for 

personalized medicine production. Significant milestones in 

this field were achieved through research conducted by 

academic pharmacists at UCL School of Pharmacy, who 

demonstrated the feasibility of using fused deposition 

modelling (FDM), stereolithography (SLA), and selective laser 

sintering (SLS) for pharmaceutical manufacturing in 2014, 

2016, and 2017, respectively. Since then, numerous pharmacy 

schools and research institutions worldwide have expanded 

investigations into the application of additive manufacturing 

technologies for drug delivery and personalized therapeutics 

[75, 76, 77]. 

The integration of 3D printing into routine clinical practice 

may enable pharmacists to re-establish their traditional role as 

formulation specialists. Rather than relying exclusively on 

commercially manufactured dosage forms, pharmacists could 

prepare individualized medicines tailored to the specific 

therapeutic needs of each patient. Through the use of 

automated 3D-printing systems, customized formulations could 

be produced rapidly at the point of care, improving both 

treatment flexibility and patient outcomes. 

One proposed model for future implementation envisions a 

user-friendly printing system comparable to a capsule-based 

beverage machine. In this approach, drug-containing cartridges 

would be manufactured and quality-assured at centralized 

production facilities before being supplied to community or 

hospital pharmacies. Authorized pharmacy personnel could 

then use these cartridges to produce patient-specific medicines 

on demand. To ensure safety and accountability, biotechnology 

companies are developing systems that incorporate 

comprehensive tracking mechanisms and restrict operation to 

trained and certified users [78]. 

This innovative manufacturing paradigm offers a potential 

solution to several longstanding challenges associated with 

conventional pharmaceutical production, particularly those 

related to individualized therapy and dosage flexibility. 

However, its successful adoption will require a substantial shift 

in current pharmaceutical manufacturing practices and 

professional perspectives. Clinical pharmacists are expected to 

play a leading role in this transformation by collaborating 

closely with researchers, physicians, pharmaceutical 

manufacturers, regulatory authorities, and clinical trial 

organizations to facilitate the translation of 3D-printing 

technologies into healthcare settings. 

Education and workforce development will also be critical for 

the future success of pharmaceutical 3D printing. Pharmacy 

students, preregistration pharmacists, and practicing 

professionals should receive appropriate training in the 

principles, applications, and safe operation of 3D-printing 

technologies [79]. Such training should include guidance on 

selecting suitable clinical scenarios for 3D printing, overseeing 

manufacturing procedures, maintaining product quality 

standards, and educating patients about personalized printed 

medicines. By developing these competencies, future 

pharmacists will be better equipped to support the safe and 

effective integration of 3D printing into modern 

pharmaceutical care [80]. 

 

Conclusion 

3D printing has the potential to revolutionize clinical pharmacy 

practice. It has the potential to replace conventional mass-

production techniques for pharmaceuticals with the on-demand 

production of tiny amounts of incredibly flexible and 

adjustable dose forms. The unique advantages of this 

technology, such as safer and more efficient treatments, benefit 

patients, pharmacists, and the pharmaceutical industry. 
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Healthcare professionals, including doctors, nurses, and 

pharmacists, will be vital in helping to integrate this technology 

as well as in advising academics, the pharmaceutical industry, 

and biotech companies on how to use 3D printing to transform 

the industry. 
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