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3D printing, or additive manufacturing, is quickly revolutionizing the realms of 

pharmaceutical sciences and pharmacy. In contrast to conventional manufacturing 

relying on the fixed doses and standardized formulations, 3D printing enables drugs to 

be fabricated layer by layer, tailor to individual patients' requirements. This new 

freedom of fabrication provides opportunities for revolutionary developments like 

personalized tablets, polypills of multiple drugs, controlled-release systems, and even 

drug-loaded implants. Since the early 1980s, a number of printing processes—binder 

jetting, fused deposition modelling (FDM), semi-solid extrusion (SSE), melt extrusion 

deposition (MED), and stereolithography (SLA)—have been modified for 

pharmaceutical as well as industrial applications, each with distinct benefits in drug 

design and drug delivery, from the beginning till the FDA approval of Spritam, the first 

3D-printed drug. The technology has advanced into an adaptive platform and has found 

applications in drug development, wound care, on-demand manufacturing, and 

pharmacy education and many more. While the benefits include accuracy, quick 

prototyping, minimal material waste, and enhanced patient compliance and also 

problems like regulatory hurdles, expense, scalability, and limited material choices still 

restrict its full utilization. This review charts the history of 3D printing in pharmacy, 

outlines its applications and limitations, and considers directions of the future including 

AI-assisted formulations, bioprinting, and sustainable local manufacture, which 

collectively suggest a new age of personalized, patient-focused healthcare.  
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INTRODUCTION 

What is 3D printing: - 

3D Printing [also called additive manufacturing] is 

prosses of making three-dimensional solid object 

from digital file. 3D Printing build object layer by 

layer using materials such as plastic, resin. Charles 

https://www.ijpsjournal.com/
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“Chuck Hull” is credited with investing 3D 

Printing. 

Pharmaceutical 3D Printing 

3D Printing is predicted to transform the 

pharmaceutical industry, the look of medicine 

development, manufacturing & consumption 

Potential use extends from pre-clinical drug 

development and dosage form design right through 

to production of functionalized implants & 

regenerative medicine. It is breakthrough 

technology that enables the production of 

Personalized drugs. tailored drug dosages & 

Regulated drug release profiles. It has a broad 

spectrum of applications, ranging from the 

manufacturing of complex drug forms to making 

customized drugs for the specific Patient 

requirements. Is it possible in the coming times 

that daily be manufactured with 3D printer on 

demand, removing the requirement of pharmacies? 

this query discusses the feasibility, challenges & 

partial applications. of 3D Printing in 

Pharmaceutical drug design. Such an idea 

stemmed out from encountered by High risk. Like 

of universal issues faced by high risk patient group 

paediatric & geriatrics. Up to 85% adverse effect 

is due to these population administered therapies 

that are not tailored. profiles to individual 

pharmacokinetics. Splitting tablet is common 

practice, contributing 25% of tablet administered 

in Health care. In a practice involves solid dosage 

form that is divided into two or more sections for 

treatment. 3D Printing, being an additive 

manufacturing [AM] process, is the developing 

technology that transforms computer aided design 

[CAD] into physical object. Our time is marked by 

rapid emerging technical development & 

revolutionary innovation. 3D Printing is quickly 

become the most cutting-edge technology in 

pharmaceutics to offer a platform to overcome 

with deficiency of the 'one size fits all of the 

approach', As compared to the conventional 

method.  The main 3DP techniques that have been 

documented in pharmaceutical practices, include 

fused deposition modelling (FDM), Binder jet 3D 

printing [BJ-30P], semi solid extrusion (SSE), 

melt extrusion deposition [MED] and Stereo 

lithography [SLA). Among these application some 

key in application elements of new derivates based 

on seven fundamental AM [Additive 

manufacturing] in 3D printing technologies. The 

American Society for testing & Materials has 

classified AM into the this Seven following 

categories: Vat Photo polymerization [VPJ. 

Material jetting (MJ), powder bed fusion (PBF), 

Binder jetting [BJ), Material Extrusion, 

Stereolithography (SLJ., Direct energy Deposition 

[DED], Binder jetting [BJ]. Combinations of key 

search terms were employed including 3D 

printing; pharmacy and clinical. In this search 

included all type of studies and grey literature from 

2015 onwards. 

History and Evolution of 3D Printing in 

Pharmacy:- 

1] 1980s:- Birth of 3D Printing / Foundation of 3D 

Printing  

i] 1981: Hideo Kodoma from the Nagoya. 

Municipal Industrial Research Institution in Japan. 

develops the first rapid prototyping system using 

UV-curable Photopolymers. 

ii] 1986: Charles Hull invents stereolithography 

printing modal. (SLA) patenting the first 3D 

printing modal. He developed selective Laser 

Sintering SLS, a process using a laser to fuse 

powdered materials layer by layer. SLA was 

invented in 1984, with patents Filed by alain Lo 

Mehaute, Olivier de witte, & Jean Claude in 

France and France & Charles Hull in the USA. 

2) 1990s:- Pharmacy Connection: 
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Early discussion, of 3D Printing for Medical 

devices (dental implants, Prosthe tics), but not yet 

for drug delivery. Introduction of selective laser 

sintering [ SLS] and fused deposition modeling 

[FDA]. 

i] 1999: Early studies on using 3D printing of drug 

delivery system began. 

3] 2000 - 2010 :- Exploration in dosage of Science 

from design 

Early experimental Studies explored 3D Printing 

for creating tablets & drug delivery devices. 

i] 2002-2005: Research papers describe Printing 

poly pills [multiple drugs in one tablet]. 

Researchers tested inkjet printing for Precise drug 

deposition an tablet . 

ii] 2009: First reports of 3D printed oral dosage 

form i.e. polypills combining multiple drugs in 

research labs. with controlled release. 

4] 2011-2014: Growing interest in Personalized 

Medicine & Controlled release. 

Research accelerated in the Personalized drug 

delivery, where 3D Printing Could tailor dose, 

shape, & we release profile.  

i]2012: In this FDM 3D printing for immediate & 

Sustained release tablets. 

ii]2013:- Development of multidrug tablet using 

for chronic disease management first real 

demonstration of Personalized dosage forms. 

5) 2015-2019 : First Clinical-Grade 

Application/FDA Approval. 

i] 2015: Researcher published Successful creation 

of 3D printed oral tablet with precise drug dosage. 

Launch of Spritam (Levetiracetam) by Aprecia 

Pharmaceuticals - The First FDA approved 3D 

printed drug Technology: Zip Dose, enabling rapid 

dissolution. Expansion into implants, transdermal 

patches.  Gastro retentive devices & more complex 

dosage forms. 

6) 2020-2022: Advanced Applications, 

Bioprinting COVID-19 Response. 

3D printing used rapid production of medical. 

devices like ventilator ports & nasal swabs. 

Advances in 3D bioprinting for tissue models & 

drug testing platform or tissue engineering. 

Integration with nanotechnology for targeted drug 

delivery system. In Personalized oncology 

treatment using printed implants. 

7) 2023-2025 :- Current Trends & Future 

Directions: 2023-2025 

4D Printing: Explored for controlled, targeted drug 

release & time-specific drug release. Multi 

material Printing combines immediate 5 sustained 

release layers in one tablet. On-demand Hospital 

Pharmacies evolving for Hospital or pharmacy 

based on demand drug printing. Research into AI:  

Personalized dose based on genetic profile & 

disease state Research into AI-driven. 

Pharmacogenomics - guided personalized drug. 

Sustainability using biodegradable polymers / 

materials in Printing. Pharmaceutical printing. 

3D Printing Techniques in Pharmaceutical 

Manufacturing :- 

1} Binder jet 3D Printing :- 

In BJ-3DP, a thin layer of Powdered of 

pharmaceutical excipient spread on a build 

Platform. A liquid binder is precisely deposited by 

an inkjet printhead. The binds droplets the powder 

particle of together is selected regions, the process 

repeats layer by layer until the final dosage form is 

created. After printing, drying or curing is done to 

remove solvents & improve mechanical strength. 
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 Working : 

1) Powder layer Deposition is the thin layer of 

Powdered material is spread evenly the build 

platform using a roller or blade, the powder must 

have good flowability and particle size distribution 

for smooth layering. 

2) Binder Deposition is the process inkjet 

printhead select selectively deposits tiny droplets 

of liquid bind, the binder wets & partially powder 

particle, cause them to stick together. 

3) Layer by layer Building is after deposition the 

platform lowers slightly. A Fresh powder layer is 

spread top & the process repeats. It’s continues 

until the full 3D Printed structure is form. 

4) Drying is the printed structure contains solvent 

from the binder, which is removed by drying. 

5) After additional steps like coating or surface 

modification may be done. 

2) Fused Deposition Modelling [FDM] :- 

FOM is on 3D Printing method where drug-loaded 

thermoplastic filaments is heated, softened 

through a nozzle, the printer deposits layer by 

layer to build a solid dosage form. 

 Working : 

1) Preparation of Drug Loaded Filaments in this 

process API & excipients are mixed & this mixture 

is extruded into a filament using hot-melt 

extrusion. The drag molecules can be molecularly 

dispersed in the polymers. 

2) Feeding into Printer in this filament is fed into 

heated nozzle FDM 3D printer this nozzle 

temperature set above the polymer's glass 

transition melting temperature. 

3) Extrusion & Deposition in this the molten drug 

polymers mixture is extruded through and the 

nozzle, the printer moves according to the CAD 

design, deposing material layer by layer. 

4) After is Solidification ac are in this the layer is 

cools is solidified quickly, subsequent layers fuse 

together to form the final 3D Printed structure. 

3) Semi- Solid Extrusion [SSE] :- 

SSE is use semi- solid pastes, gels instead of Solid 

filaments. the semi-solid material is pushed 

through a syringe like nozzle using the pressure. 

The extruded material [pushed material] is 

deposited layer by layer to form the desired 3d 

structure, which then solidified. 

 Working : 

1) Preparation of Semi-solid Material the drug is 

mixed with Excipients, to form gel/ Paste, 

excipient may be include hydrogel polymer, lipids 

any semi-solid carriers. 

2) The semi-solid formulation a re-filled into 

syringe or cartridge, which is attached to the 

printer head. 

3) Extrusion is the process-controlled pressure 

pushes the semi-solid material through the nozzle, 

this printer follow design digit to deposit material 

in layer by layer. 

4) The printed Structure sets via solvent 

evaporation, cooling or chemical crosslink I 

become solidified. 

4) Melt Extrusion Deposition [MED] :- 

In MED, drug loaded feedstock is directly fed into 

the printer, the material is melted in the printhead. 

The molten is extruded through a nozzle deposited 

layer hy layer to form the dosage form. 
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Working :- 

1) Material Preparation is first step in this API & 

Excipients blended into powder or granules. 

2) Feeding into Printer, the drug-excipient blend in 

fed directly into the extrusion chamber, in this no 

pre-formed filament is required. 

3) Material is heated into the printhead to above its 

softening/ melting temperature, the drug may 

become molecularly dispersed in the polymer 

matrix. 

4) Deposition of the molten mixture is extruded 

through a nozzle, deposition follow the CAD 

design to build the dosage form layers. 

5) The Solidification is done, the deposited layers 

cool rapidly, fusing together to form the Structure 

dosage Structure. 

5) Stereolithography [SLA):- 

It is a light-based 3D Printing technology in this it 

uses liquid resin photopolymer resin that solidifies 

when exposed to UV light or digital light 

projection. 

Working: 

1) Preparation of Photopolymer Resin is made 

photo polymerizable excipients, the drug either 

dissolved, suspended or dispersed of in to the 

resin. 

2) A UV laser or projector selectively irradiates 

region of the resin according to the CAD Model, 

the resin solidifies only where light is applied. 

3) After one layer is Cured the build platform 

moves [up & down). A fresh layer of over the 

cured layer this Process continuous until the full 

3D structure is build. 

4) Post Processing in this Printed parts are rinsed 

to remove uncured resin, further UV curing may 

be applied to improve the strength.  

Application of 3d printing in pharmacy: - 

1) Personalized Medicine: - 

One of the most promising uses of 3D Printing in 

the pharmaceutical field development is the of 

Personalized medicine. Unlike traditional 

manufacturing, where drug produced in fixed 

doses and limited forms, 3D Printing makes it 

possible to prepare that are customized for each 

patient that individual needs. For example; many 

specific many patients require very specific dose 

which are not available in market. Children, 

elderly people, and Patients with liver or kidney 

problem often need smaller or adjusted dose with 

3D printing, the exact amount of drug can be 

printed into tablet, making treatment more 

accurate and reducing the risk of side effect. 

Another exciting application is the creation of 

"polypills”. Patients with chronic condition such 

as diabetes, hypertension, or heart disease usually 

take several pills every day. This can be tiring & 

often leads poor compliance it allows multi drug 

be combined single tablet in the single with each 

layer programmed to release the drug at different 

times or in different parts of the body. 3D Printing, 

also gives flexibility in the shape and internal 

structure of designing tablet. Another benefit of 

3D printing, is on-demand drug manufacturing, 

instead of producing large scale in factories, 

Hospitals or pharmacies large scale can print 

patient specific medicines on the spot. 3D printing 

opens doors for paediatric and geriatric 

formulation with Customized size, colour, flavour, 

and release profile .It can even be combined with 

bioprinting technique to develop personalized 

implants or drug-loaded scaffolds for regenerative 

medicine. 
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2)Complex Dosage forms :- 

One of the most exciting application of 3D 

Printing in the pharmaceutical field is its ability of 

drug design & manufacture-complex dosage forms 

that are otherwise difficult to achieve by the 

traditional techniques. Conventional tablet 

Compression or capsule filling methods that have 

limitations when it comes producing personalized 

shapes, muti-drug combination, or controlled 

release layer but 3D printing overcomes these 

challengers by allowing precise its Placement of 

layer by layer, make it possible to create highly 

sophisticated drug delivery system. For example, 

complex dosage forms such as multilayer tablet, 

polypills & drug loaded scaffolds can be 

manufacturer with great accuracy. This not only 

improve patient compliance by reducing pill 

burden but also enables tailored therapy for 

condition that require combination treatment, such 

as cardiovascular disease, diabetes, or Cancer. The 

development of modified-release formulation, 3D 

printing makes it possible to print tablets with 

intricate internal structure, like channels or porous 

material which control the drug dissolves & 

releases time. This dosage forms can be delayed 

pulsatile release profile & sustained. In addition, 

research for expanding towards implantable 

dosage form & personalized drug eluting devices, 

where this technology. provide precise control 

over size, shape, and drug distribution. These drug 

delivery, especially in oncology & chronic disease 

management.  

3] On-demand Drug Production :- 

One of the most promising applications of 3D 

printing in the pharmaceuticals is the possible of 

producing medicines on demand. Traditional drug 

manufacturing, relies on large scale production 

lines, centralized facilities, & bulk distribution 

While this System ensure often struggles mass 

availability it can issues such as long often struggle 

with issue such as long supply chain, storage 

limitation, drug shortages and lack of personalized 

formulation. shortages, & lack of personalized 

formulation 3D printing offers the ways to 

overcome these barriers by enabling raid localized 

patient specific drug production. 

There are some key aspects; 

1) Rapid manufacturing   

2) Customization of Dosage  

3) Decentralized Production 

4) Reduction of Waste 

5) Improved Drug Availability in Rare Disease 

6) Potential in Space & Military medicine  

4] Improved Drug Delivery System :- 

The pharmaceutical industry is continually 

seeking innovation approaches to enhance drug, 

safety, efficacy, & Patient compliance. One of the 

most promising technologies in recent years is 3D 

Printing also known as additive manufacturing 

which allows precise fabrication of drag products 

with complex structure & Personalized 

characteristics. Its application in improving drug 

delivery system is transforming "traditional 

pharmaceutical manufacturing”. The world of 

pharmaceuticals is experiencing a quiet revolution, 

& at the heart of it lies 3D Printing a technology 

better known for making toys, prototype or even in 

house, but now reshaping how we think about 

medicine, imagine a future where doctor' doesn't 

just prescribe a pill but design it specifically for 

your body, metabolism & lifestyle. 

5)Drug Development :- 

3D Printing, is also known as additive know 

additive manufacturing, is emerging as a 
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transformative technology in drug development. 

Unlike traditional manufacturing of drug, it allows 

precise fabrication of customized dosage from 

enabling personalized medicine tailored individual 

according to patient need. It also supports the 

creation of complex a drug dosage formulation 

that are hard to produce conventionally, such as 

multi-drug tablet or controlled -release system. 

The key advantage is rapid prototyping, which 

accelerates formulation testing. 

6)Wound Care :- 

3D printing has opened new horizons in the 

development of advanced wound care system, 

offering precise, customized effective solution that 

traditional method often cannot achieve in 

pharmaceutical manufacturing, it allows the 

creation of wound dressing, scaffold & patches 

with properties for enhance healing. 

(i) Customized wound Dressing :-   

The 3D Printing enables the fabrication 

personalized wound dressing that conform to the 

precisely shape and size of a patient's wound, it can 

ensure better coverage, reduces the risk of 

interaction & enhances the patient contest.  

(ii) Drug-loaded Wound system :-  

A major advantage of 3D printing is the ability in 

incorporate threptic agent directly into wound care 

products. 

(iii) Complex Scaffold Design :-  

3D Printing allows the creation of biodegradable 

scaffolds with precise internal architecture that 

promote tissue growth and regeneration. This can 

also guide cell growth, enhance angiogenesis and 

increase the acceleration wound closure.  

(iv) Rapid Prototyping & innovation :-  

Researcher can quickly design and print multiple 

version of wound care system to wound system to 

test properties such as drug releases mechanical 

strength allow for continuous innovation in wound 

care solution.  

v) Smart wound Care devices :- 

It Can printed smart dressing that can monitor 

wound such as pH and infection markers and 

release drugs in response to changes.  

7] Education in Pharmacy :-  

3D printing is not only revolutionizing 

pharmaceutical manufacturing but it is coming 

into powerful tool in the Pharmacy education. In 

academic setting, it can provide student with 

practical & interactive ways to a practical 

understand a complex topic such as dosage form 

design, & Drug delivery system manufacturing 

processes, But by the way of using 3D printers, 

pharmacy students can create models of tablet 

capsule anatomical structure, realistic even 

implants and even which enhance their grasp of 

formulation science & Patient-centred drug 

design. This hands-on approach bridges the gaps 

between the practical of theory make the learning 

experience more engaging & effective. Students 

can experiment with printed dosage form different 

sizes, shapes profiles, which understanding how it 

influences pharmacokinetics and 

pharmacodynamic. It is can also beyond only 

dosage forms, it prints also used to create 

simulation models for training, i.e. artificial organ 

or student tissues, which can help the learn about 

targeted drug delivery. 

Benefits of 3D printing in the pharmaceutical 

industry:- 

1) Drug Development & Research: Speeds up 

prototype drug formulation  quick testing of 
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Dosage forms. Reduces R&D costs by minimizing 

trial & error in formulations.   

2) Enhanced Precision & Accuracy: 3D printing 

allow for highly accurate &precise control over 

drug dosage & release profiles.           

3) Flexible Manufacturing: Shifts form mass 

production to on-demand, small batch production. 

Allows customized medicines without changing 

the entire production line.              

4)Cost Efficiency: Reduce manufacturing costs by 

lowering materials waste, storage and 

transportation need, Avoids overproduction & 

Expiry related losses.         

5) Reduced Material Wastage: Compared to 

traditional manufacturing, 3D printing can 

minimize material waste, especially in 

personalized medicine application.   

6)Supply Chain Transformation: Medicine can be 

printed closer to patient [ i.e. hospital, pharmacy 

disaster zone, space], less Reliance on centralized 

factories and long distribution chains.                        

7)Regulatory & Quality Advantage: 3D printing 

ensure precise dosing & consistent product 

quality. Easier to adapt to good manufacturing 

practices [GMP]with automation.               

8) Expanding Market Opportunities: Opens doors 

to orphan drugs [rare disease] where mass 

production is not profitable, Custom batches for 

clinical trials at lower cost. 

Ex.                               

1] Speritam [Levitiracetam]- The First 3D printed 

medicine. 

General Information:       

Drug name   -Levitiracetam               

Brand -Spritam              

Company -Aprecia pharmaceuticals       

Approval -2015 by the USFDA 

Use - Treatment of epilepsy/seizures          

Why is it special: 1st FDA - approved 3D printed 

tablet. Manufacturing with zipdose technology ---

> builds the tablet layer by layer. Create a highly 

porous structure ---> dissolves instantly in just a 

sip of water. Patient - friendly: Easy to swallow 

even at high doses [up to 1000mg]. Personalized 

dosing possible. Common adverse effect: In 

clinical trials, the most common adverse effect 

seen in people who takes SPRITAM includes 

sleepiness, weakness, and infection. In addition to 

those previously listed, the most common side 

effects seen in children who take SPRTAM 

includes tiredness, acting aggressive, nasal 

congestion, decreased appetite, and irritability. 

2]Triastek's 3D Capsule:                   

Triastek's 3D printed drug for ulcerative colitis is 

named T21. Manufactured using Triastek's 

proprietary Melt Extrusion Deposition [MED] 3D 

printing technology. It is an oral medication The 

original drug is a JAK inhibitor called tofacitinib 

Janus kinase inhibitors It is class of inhibitor s 

TAT signalling pathway, a key pathway in 

immune cell function inflammation.             

Original Drug : Tofacitinib                     

Therapeutic Area : Ulcerative colitis           

Status: In Frist in human [FIH] studies with 

investigation new drug [IND]. 

Advantage of 3D Printing in Pharmacy :– 

1] Personalized Medicine: Customizes drug 

dosage form, size & shape for   individual Patient.   
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2) Complex dosage forms: Produces layered 

tablets multilayer drug combination and controlled 

release system. 

3) Rapid Prototyping: Accurate drug development 

and testing of new formulation.  

4) On-demand Manufacturing: Enable local 

hospitals production.  

5) Improved Patient Compliance: Creates, 

formulate, chewable, flavoured or visually 

appealing dosage forms.  

6) Reduced material wastage: Uses only required 

APIs & excipient.  

7) Advanced drug delivery: Provides controlled 

targets or sustained drug release. 

8) Small batch Production: Use in mostly rare 

disorders.  

9) Education & training: Enhances Pharmacy 

learning.  

10) Customization of implants: Produce patient-

specific stents, implants & patches.  

11) Eco friendly approach: Minimize 

manufacturing and environmental implant.  

12) Lower Storage costs: On-demand 

manufacturing reduces the need for long-term 

storage. 

13) Reduced Supply Chain burden: Drug can be 

produced closer to Patients; Delay not possible.  

14) Better drug Stability: Some printing methods 

stabilize heat or Sensitive drugs.  

15) Noval drug Shapes: Creates innovative 

designs.  

16) Paediatric & geriatric friendly forms: Maks 

easy to swallow or chewable options.  

17) Combination therapy: Allows multiple drugs 

in a single dosage unit.  

18) Improved Patient Safety: Reduced dosing 

errors by creating accurate, patient-specific forms.  

Challenges & Limitations of 3D Printing in 

Pharmacy:- 

1) Regulatory hurdles: less, lack of clear 

guidelines from agencies like FDA/EMB for 

approval of 3D Printing.  

2) Quality control issues: Ensuring uniformity, 

dose a porosity of mechanical strength remains 

difficult.  

3) Scalability Concerns: like conventional 

manufacturing large-scale mass production is still 

less efficient.  

4) High initial cost: Equipment, software, and 

specialized material require significant 

investment. 

5) Limited materials: Only certain polymers. 

excipients, & drug compounds compatible with 

printing.  

6) Time-consuming process: Printing each tablet 

individually can be slower compared to batch 

production. 

7) Stability challenges: Heat & mechanical stress 

during printing may degrade sensitive drugs. 

8) Training Requirements: Pharmacists of 

technicians need specialized knowledge to operate 

printers.  

9) Post-processing needs: Many printed products 

requins additional steps like drying. 
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10) Limited drug load capacity: Some method 

struggle, with incorporating high doses.  

11) Mechanical strength limitations: Some printed 

are fragile or crumble tablets. easily driving 

heading.  

12) Energy consumption: Continuous operations 

3D Printers can be resource – intensive.  

13) Drug-excipient interaction: Not all excipients 

work well under 3D printing condition. 

14) Printer maintenances: Frequent calibration & 

upkeep needed for accurate production. 

15) Not suitable for all drug types: large molecules 

like biologics are difficult to print.  

Future Prospects of 3D Printing in pharmacy:- 

With 3d printing is already reshaped 

pharmaceutical manufacturing by enabling 

customization, fast prototyping and innovation 

drug delivery system. The future, promises a much 

more broader impact, moving beyond 

conventional application towards highly 

intelligent patient centred and sustainable. 

1} Hyper-Personalized Therapy: Genetic-based 

formulations in future 3D printed drug could be 

tailored not only to weight, age, sex but also to 

individual genetic-codes than enhancing treatment 

efficacy. Patient-centre design medication could 

be customized in shape, colour, Flavour, odour or 

air dosage forms to improved adherence e 

specially in Paediatric and geriatric people. 

2) Integration with Smart Healthcare:  IoT-

Enabled Medications pills could incorporate 

sensors or chips to monitor pharmacokinetics, 

pharmacodynamic, adverse effect, adherence or 

therapeutic action. Remote Printing fur 

Telemedicines Patients in remote locations could 

receive it's personalized medication printed locally 

free by clinicians digital prescription sent. AI-

Driven Formulation design could be predict 

optimal drug combination and  release profiles, 

which printers would then manufacture on 

demand. 

3) Novel Drug Delivery Platforms: Implatable 

therapeutics could enable biodegradable implants 

that release drug over weeks months. Future 

printing may combine nanotechnology and 

additive manufacturing to directly drug to 

disordered cell deliver drugs tissue. Patches 

microneedles, & transdermal system could be 

printed to match patient comfort for controlled, 

painless drug delivery.  

4) Revolutionizing Clinical trials of Drug 

Development :- 3D Printing new can accelerate the 

development of new drug by producing small 

batches quickly and easy for early-stage testing. 

Bio printed organs  or tissues could replace 

traditional models increasing accuracy and reduce 

the animal & for testing.  

5) Sustainable and localized Pharmaceutical 

Manufacturing :-  Additive manufacturing done 

only material where needed, minimizing 

production wastage. In Hospitals, pharmacies or in 

even the house may print medication on site, 

reducing storage, other needs and supply chain 

problem. 

6) Future Regulatory & Quality Framework :-  

Advanced AI, sensors printed dose with strict 

could ensure every quality standards. Standardized 

protocols could enable widespread adoption of 

Personalized medication while it ensure the 

efficacy and Safety. 

CONCLUSION: - 
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3D printing has transformed from being an 

experimental technology into a true game-changer 

in pharmacy and pharmaceutical industry. Its 

power lies in providing what the conventional 

manufacturing cannot: real personalization, 

intricate dosage forms, and quick adjustment to 

patient needs. It can alleviate patient with 

polypills' tablet burden, facilitate easy swallowing 

of drugs for children or elderly patient, and its 

novel release mechanisms enhancing both safety 

and patient compliance. On the other end of oral 

drug delivery systems, its uses go as far as 

implants, wound management, and even 

educational instruments in teaching pharmacy 

students. Nevertheless, the journey to the routine 

clinical application is not without challenges. But 

high prices, regulatory unknowns, and technical 

constraints are still a concern to the user. While we 

have roadblocks, but there is high opportunity in 

future. With the emerging science of artificial 

intelligence, bioprinting, and intelligent healthcare 

technologies, 3D printing became a foundation of 

precision medicine, but to make this vision come 

true, collaboration among researchers, industry, 

regulators, and healthcare providers will be 

required. Basically, 3D printing is more than a 

novel method of manufacturing—it is an omen 

pointing toward truly personalized, affordable, and 

revolutionary pharmaceutical treatment. 
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