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Abstract: The manufacturing additives, also known as 3D printing (3DP), transforms the drug sector by
enabling complex and personalized drug submission systems. In contrast to traditional production techniques,
3DP allows for layer-by-layer acquisition of dosages, providing unprecedented levels of adaptation, design
and drug exemption patterns. Latest development in 3DP technologies, including Selective Laser Sintering
(SLS), inkjet printing, Fusion Deposition Modeling (FDM), and Stereolithography (SLA), have produced
intelligent dosage forms, multi-lag polypills, and personal items that are time-based triggers or physiological
diseases. This article examines the progress of technologies that promote the use of 3DP in drug production.
It also covers important difficulties such as equipment standardization, scalability concerns, regulatory
uncertainty, and formulation limitations. Regardless of these challenges, 3DP could be innovative in
improving patient compliance, decentralized production, and quick response to medical emergencies such as
pandemics. 3DP can be used in future aspects of personalized medicine, academics, businesses and
supervisory authorities, with sufficient knowledge of these developments and challenges.

Index Terms — 3D Printing, drug delivery systems, drug production, Selective Laser Sintering (SLS), inkjet
printing, multi-lag polypills, Fusion Deposition Modeling (FDM), Stereo-lithography (SLA).

|. INTRODUCTION

The pharmaceutical industry is subject to paradigm transfer due to demand for custom-made drugs, improved
patient compliance, and more adaptive production options. Traditional drug production is based on large
scale, centralized batch production suitable for mass production, but offers limited adjustments and on-
demand production options only. This strategy becomes challenging, especially in areas such as pediatrics,
geriatric medicine, rare diseases and oncology.

In this regard, additive manufacturing, commonly known as 3DP is a groundbreaking technology with the
potential to revolutionize the creation and development of medicinal products. 3DP allows precise control for
layer-to-layer structure in computer designs via drug contamination, release profiles, shapes and sizes.
Previously, traditional production technology could not provide this level of personalization. An important
milestone that demonstrated the feasibility of 3DP in the creation of market-ready medicines was the approval
of Spritam® (Levetiracetam) by the FDA, the first 3D printed tablet for the treatment of epilepsy.

Several 3DP processes have been adapted for pharmaceutical applications, including selective laser Sintering
(SLS), inkjet pressure, Stereolithography (SLA), and Fusion Deposition Modeling (FDM). Each approach has
its own advantages and disadvantages in terms of wording compatibility, accuracy, scalability and applications
of various drug release profiles. In addition to creating complex drug delivery systems (such as polypills and
time- controlled formulations), the inclusion of 3DP in pharmaceutical science will also lead to the production
of decentralized and stacked point production that gained momentum during the COVID-19 pandemic. It may
be possible for pharmacies and hospitals to produce personalized medicines on-site. This makes it easier to
strain the supply chain and improve outcomes.
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Despite this possibility, the introduction of 3DP in pharmaceutical production is still in its early stages, putting
a burden on many ethical, legal, technical and financial obstacles. This includes real-time quality assurance
issues, process reproducibility, printing of drug and combinations, lack of established standards, expensive
equipment and intellectual property challenges. The purpose of this review is to present a thorough analysis of
situation in 3D printing in pharmaceutical production. It shows considerable advancement, talking about how
technology can change healthcare and addressing many issues that need to be resolved before it becomes widely
available.

I1. TYPES OF 3D PRINTING TECHNOLOGY

Many kinds of pharmaceutical 3D printing technology, all mechanisms have been changed to be used in
pharmaceutical applications. The formulation properties, the desired dosage forms, release profile, and
chemical or thermal stability of the active pharmaceutical ingredient (API), affect the selection of technology.

11.1. Fusion Deposition Modeling (FDM)

FDM uses a heating nozzle to push the filament from the thermoplastic polymer. 3D objects are generated by
melting and storing material on a layer-to-layer basis. In pharmaceutical applications, hot extrusion is used to
create charged filaments with dosage.

11.2. Inkjet Printing (Drop-on-Demand/ Continuous Inkjet)

Using inkjet pressure, small drops of API are applied to substrates such as tablets and edible films. It is popular
due to its accuracy of drop-on-demand printing and low material waste.

11.3. Stereolithography (SLA)

Photopolymer liquid resin layer for layers using UV or visible lasers. If exposed to light, the HARZ photo
initiator will begin the network process.

11.4. Selective Laser Sintering (SLS)

SLS uses lasers to selectively merge powdered polymers or API particles. The powder supports overhanging
elements and acts as a structural element.

I11. INNOVATIONS INPHARMACEUTICAL 3D PRINTING

The introduction of 3D printing into the pharmaceutical industry has led to a number of breakdowns that change
development, design and changes. These developments go beyond simple production and include patient-
specific formulations, sophisticated drug exemption mechanisms and interactions with digital health systems.
Below are the most important uses and advances in pharmaceutical 3DP.

I11.1. Personalized Medicine

Overview

Taylor made healthcare requirements allow tailor-style doses to be created according to patient’s age, weight,
pharmacogenetics, and therapeutic requirements. This is especially useful for groups that require accurate
doses, such as children, elderly people and those with long-term illnesses.

Innovation

Dosage units with different dose strengths.

The size and shape of the drug can be customized to facilitate swallowing.

Modifications in drug release kinetics specific to an individual’s pharmacokinetic pile.

Example

Warfarin tablets that are adjusted to each patient’s dosage to reduce the likelihood of a negative drug reaction.

IJCRT2505767 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ g643


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

111.2. Polypills (Multi-Drug Tablets)

Overview

By combining several drugs with different release profiles in a single tablet, 3D printing improves drug
compliance and streamlines complex regimes.

Innovation

Comparison of several drugs in space.

Core-shell or layered structures for sequential or controlled release.

APIs are isolated on a single tablet.

Example

A single printed tablet with medications for diabetes, hypertension and hyperlipidemia released at different
times.

111.3. Chronotherapy and Time Controlled Release

Overview

To optimize treatment efficacy and reduce side effects, chronotherapy synchronizes the medicine with the
body’s circadian rhythm.

Innovation

Tablets with internal geometry (such as hollow nuclei or hourglass) found in delayed or impulsive
disintegration.

A tablet with many layers that are released at a certain time after consumption.

Example

As an illustration, consider daily asthma tablets that release medicine early in the morning to prevent symptoms
from tightening due to circadian rhythms.

I11.4. Smart Dosage Forms

Overview

Responsive materials or integrated electronic devices are included in smart dosing in response to pH values,
temperatures, or transfer of data to enzymes or external devices.

Innovation

Dose morphology that responds to Gl tract’s pH variation through drug release.

Real-time drug compliance and effectiveness monitoring through biosensors.

The printed structure changes the shape and function of 4D printing that adapts to its surroundings over time.
Example

pH reactive capsules that are open only in the large intestine can be used to treat certain inflammatory bowel
diseases.

I11.5. Pediatric and Geriatric Formulations

Overview

Dosage assertions that are palatable, patient compliant and dosage flexible are advantageous for special groups.
Innovation

An animal-shaped chewy flavor pill.

Fast dispersal film for highly ranked dysphagia patients.

A titration form that can be adjusted with low agents.

Example

A chewable tablet with a tasty strawberry flavor with animated characters to increase pediatric compliance.
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111.6. On Demand Manufacturing and Decentralized Production

Overview

Decentralized and on-demand production of the idea of making medicines in pharmacies, hospitals or care
center in isolated locations is supported by 3DP.

Innovation

Small 3D printer for medicines used in emergencies.

Example

Anti-malarial model are printed in isolated tropical clinics based on local resistance patterns.

I11.7. Bio-printing and Tissue Engineering

Overview

Although still in the early stages, it will be possible to create living fabrics and cells that could ultimately lead
to artificial organs and implantable drug systems.

Innovation

3D printed scaffolding for targeted drug delivery in cancer treatment.

Tissue model for toxicity testing and medication screening.

Future outlook for implantable drug systems.

Example

To provide topical therapy, a hydrogel that is bio-printed with chemotherapeutic agents can be placed.

111.8. Integration with Digital Health and Al

Overview

Digital health technologies such as Al algorithms and smartphone apps improve the real-time design and use
of 3D printed drugs.

Innovation

A technology driven by Al to predict ideal drug geometry and release patterns.

A mobile system for remote prescription and transmission of patient-specific drug creation.

Block-chain and cloud-based technology to pursue history of authenticity and printing.

Example
The illustration is a smartphone app that determines and sends a child’s dose to a pharmacy 3D printer.

IV. REGULATORY CONSIDERATIONS IN PHARMACEUTICAL 3D PRINTING

Technology has innovative problems for decentralized drug production and individual therapeutics, but the
existing regulatory framework is primarily based on traditional batch-based production. Quality control,
security, reproducibility and compliance are being questioned by this discrepancy.

IV.1. Lack of Specific Regulatory Guidelines

There are no widely recognized regulations yet, particularly designed for 3D printing pharmaceuticals.
Regulations from organizations such as the International Council on Harmonization (ICH), the European
Medicines Agency (EMA), and the US Food and Drug Administration (FDA) may not fully consider the 3DP
requirements for traditional production. Despite the Pharmaceuticals 2017 advisory, pharmaceutical
applications are still in their early stages. Controlling tailor formulations, managing variability and defining
stacks are important regulatory issues.

IJCRT2505767 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ g645


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

IV.2. Quality Assurance and Good Manufacturing Practice (GMP)

One of the main objective of pharmaceutical regulation is to ensure consistent product quality. The following
factors make implementation of GMP difficult in 3DP:

e Batch- to-batch variability

e On-demand production in decentralized sites (pharmacies or hospitals)

e Due to lack of traditional in-process and end-product testing, real-time quality control is needed.
Also critical quality attributes and critical process parameters are to be clearly defined and controlled for:

e Drug content uniformity

e Print resolution

e Mechanical strength

e Layer adhesion

e Disintegration / dissolution profiles.

V. CHALLENGES AND LIMITATION OF 3D PRINTING IN PHARMACEUTICAL
MANUFACTURING

3DP could completely change the pharmaceutical industry, but many obstacles and limitations have prevented
its widespread use. These difficulties can be found in the field of ethics, business, regulatory and technology.
These challenges need to be solved in order for 3DP in medicine to reach its full potential.

V.1 Technical challenges
V.1.1 Material compatibility

Compatibility of 3D printing technology and material to find the right material to work with pharmaceutical
standards is one of the biggest hurdles for pharmaceutical 3D printing. Firstly in APIs, due to low heat
stability, many of them are inappropriate for high temperature processes such as FDM and SLS. In auxiliary
compatibility, printing techniques may not work with the auxiliary substances used in traditional tablets.

V.1.2 Print Speed and Scalability

Above two are the major obstacles in 3DP. Scalability is for large-scale production. Due to low pressure
tempo, deposition process for 3DP is slow, making it difficult to meet pace of traditional production
techniques like compression and coating. Thus, 3DP is excellent for tailor-made or small batches.

V.1.3 Process Control and Quality Assurance

One of the biggest challenges in 3DP is to ensure consistent quality, especially in doses of tailor-made formats.
Variations in printer parameters (such as temperature and speed) can affect final product. As 3D printed
products are different, traditional quality control tests (such as resolution test and content uniformity). To
ensure consistency throughout the process, sensors of air humidity, temperature, and consistency of layer
decomposition monitoring systems are developed.

V.2 Regulation and Legal Issues
V.2.1 Regulatory authority uncertainty

As already stated the conditions of the current regulatory framework are not sufficient for the unique features
of 3D printed drugs. The FDA and EMA have not yet developed extensive guidelines for modulating 3D
printed medications. Regulatory classification: The lack of clarity in classifying 3D printed products as drugs
devices or combination products makes the approval process difficult. Solutions and progress :From
regulators in brackets such as the FDA bracket completes will begin issuing guidelines for additive
manufacturing, although Risk based framework conditions for accessing the security and effectiveness of
personalized drugs further work is required for certain drug applications.
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V.2.2 Intellectual Property (IP) Issues

3D printing is digital and is to present new problems to intellectual property. Files with drug formulations can
be easily copied or modified, increasing the risk of forgery or patient violations. Ownership of digital files:
If a design is created with patient specific data, it may be difficult to determine who is entitled to a printed
formulation. Progress and solutions: Examining block-chain technology to protect and monitor design data
and ensure the legitimacy of 3D printed medicines. Cryptocurrency and digital rights technology could protect
unique drug structures and formulas.

V.3 Economic challenges
V.3.1 High initial costs

Many pharmaceutical companies, especially small and medium sized businesses feel that the cost of 3D
printers, specialized materials and after processing devices are too voluntary. Capital investment: High
prices for developing, purchasing and cutting of 3D printed devices such as SLA, SLS and bio-printing
machines. Material cost: Compared to traditional auxiliary substances and pharmaceutical formulations,
special materials in pharmaceutical 3D printing are more expensive. Progress and solutions: 3D printers and
material prices are expected to fall in technology development. With joint development, the joint platform
between 3D printing manufacturers and pharmaceutical companies can save prices.

V.3.2 Mass production

Cost efficient: 3D printing for personalization is excellent, but producing large quantities of traditional
medicines is not yet economical. 3D printed products are often more expensive per unit than tablets and
capsules in the old fashioned way. Progress and solutions: If the benefits of 3D printing exceed economic
considerations, concentrate on the higher margin of the drugs in low volume such Hybrid manufacturing
technology reduces costs by mixing 3DP with conventional technology.

V.4 Social and ethical difficulties
V.4.1 Patient data concerns

3D printing technology is to create tailor made drugs using patient specific data such as genetic information
and medical scans, injuries and patient information abuse are potential risks, particularly in distributed
manufacturing settings. Progress and solutions: Installing GDPR compliant technology and strict data
protection procedures. Creates patients specific designs using secure cloud services or anonymized data
without risking privacy.

V.4.2 Equity and accessibility

3D printing can reduce cost and increase access to medicines, but these can also lead to inequality.
Technology excess: Small medical facilities, pharmacies and hospitals have no way to buy 3D printing
machines. Geographical differences: decentralized 3DP can improve access in isolated areas, but its
effectiveness also depends on infrastructure and training. Progress and solutions: 3D printing technology is
being implemented by public private partnerships in underprivileged communities. Achieving disadvantage
groups is easier with nearby mobile clinics and health services with 3D printer.

VI. FUTURE DIRECTIONS IN PHARMACEUTICAL 3D PRINTING

Many fascinating opinions and methods are opened for future pharmaceutical 3D printing

Development .These developments could improve patient care, strengthen drug development process and
overcome current limitations. Below are some important areas that will likely affect how pharmaceutical 3D
printing will occur in the future.
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V1.1 Advanced material development
V1.1.1 Multi material printing

Printing with some materials including some likely be developed for future pharmaceutical 3D printing. This
increases the number of different drug formulations and allows for different drug release profiles by
integrating many materials into a single dosage. A combination of hydrophilic and hydrophobic substances
helps to improve resolution control. Use of bioactive substances such as proteins and peptides for targeted
therapy. Effect: Development of tailor dosage formulations with improved sustainable release and
availability. More advanced prescribing complex diseases such as diabetes cancer and heart problems.

V1.1.2 4D Printing

Pharmaceutical 3D printing can be revolutionized by 4D printing containing materials that change structure
or properties over time in response to external stimuli. Leads: Pharmaceutical formulations that respond to
environmental changes such as pH, temperature, and enzymes are known as fast-reactive drug tax. Drug
delivery systems that assemble in the body after ingestion release the drug at the target site. Effect: Intelligent
drug delivery systems that adapt to the body’s needs in real time, increases effectiveness and minimizes
adverse effects.

V1.2 Integration with Digital Health and Al
V1.2.1 Personalized Medicine with Al and Machine Learning

This is expected to be important for the future of 3D printing for personalized medicine. It can guide
formulation indications, optimize drugs and predict patient specific drug responses. Possibility includes
patient-specific formulations. An Al controlled approach to the creation of medicinal products tailored to
genetic profiles, disease states and even lifestyle factors. Predictive modelling: Use Al to predict the best
drug exemption mechanisms and formulations based on patient data. Improved treatment personalization,
increased efficacy and reduced side effects. It accelerates the development of targeted therapies for rare and
chronic diseases.

V1.2.2 Real-time Monitoring and Feedback

This enables continuous feedback throughout the manufacturing process by integrating the real-time
monitoring system with 3D printing. Leads: A morphology of doses using sensors that pursue drug release
therapeutic value in real time. Patient monitoring via digital platforms associated with 3D printing devices
allows for dynamic dosage changes in response to feedback. Effectiveness: You can control the production
process in greater detail to ensure product consistency. Possibility of a fully individualized treatment plan
with therapy adaptive to the patient’s needs.

V1.3 Expansion of Regulatory Framework
V1.3.1 Adaptive Regulatory Agents

If 3D printing technology is developed, regulators should create flexible regulatory models that can adapt to
changing circumstances in the production of small batches, pharmaceuticals and personalized drugs.
Possibilities include risk-based framework conditions that prioritize patients and consequences resulting from
strict specifications and ongoing manufacturing processes that do not meet traditional regulatory models but
can be monitored efficiently using modern systems like block-chains and digital records. Effectiveness:
Improved ability to expand the production of tailor-made treatments without affecting regulatory standards.
Also improved approval process for 3D printed drugs.
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V|1.3.2 Streamlined Approval Process

In a simplified procedure for hospitalization for new drugs, the regulatory approval process can be expensive
and time consuming, especially when using modern technology such as 3DP. Simplifying these procedures is
important to ensure that patients are in the latest in care. Leads: Accelerated the development of tailored-
drugs, especially those aimed at orphans and rare diseases. Data collection and monitoring according to the
market to support the continued approval of changing the drug formulations. Effect: Reduce market time for
3D printing medicines. Improved patient access to the most modern treatments.

V1.4 Bio-printing for Drug Development
V1.4.1 Drug Testing and Disease Modelling

Disease modelling and drug testing with tissues, organoids and cell structures. Bio-printing is an emerging
interior of 3D printing. This may make in-vitro drug testing more efficient, reduce reliance on animal models
and accelerate drug development. Perspective: Development of organ models tailored to all patients for
preclinical research. 3D printed fabrics are used in pharmaceutical screening platforms to find faster
treatments. Effect: Reduced time frame and cost of drug development. We have improved preclinical models
for more accurate prediction of human drug responses.

VII. DISCUSSION

1. Personalized Medical Care: By creating dosage forms tailored to every patient, 3D printing increases
treatment accuracy and compliance.

2. New drug design: Enables the creation of complex dosage forms such as tablets with controlled release
and polypills.

3. Better drug delivery: Personalized release profiles (pulsation, persistence, or direct) improve therapeutic
efficacy.

4. Material challenge: There are not many suitable print materials that are stable and biocompatible.

5. Regulatory obstacles: There are no many regulations around the world, and there are not many approved
3D printing drugs (such as SPRITAM®).

6. Scalability Issues: Mass production is not yet optimized for current 3D printing technology.

7. Quality Control: Guaranteed a certain drug content and product quality is still technically difficult.

8. Integration into digital health: Al and patient data can be used to adapt doses in real time in the future.

VIl. CONCLUSION

3D printing in pharmaceutical manufacturing industry is a groundbreaking technology that opens up new
opportunities to improve pharmaceutical delivery systems, develop individual treatments, and accelerate
production processes. The ability to create personalized medicinal formulations that meet the unique
requirements of each patient is one of the greatest advantages. This feature is particularly useful for treating
patients with rare disorders, elderly people and children. This gives precision and flexibility in case of drug
composition. Additionally, 3D printing allows for creation of targeted and controlled active systems, allowing
maximum treatment outcomes by ensuring drug are available at desired site in the body in specified time.
Despite the benefits, there are many problems in 3DP that must be resolved before it is fully included in drug
production. One of the most urgent issues is the creation of the right material that can be used for 3D printing,
while simultaneously receiving the required drug stability, biocompatibility and regulatory compliance.
Another important obstacle is improving technology for large-scale production, while simultaneously
maintaining the same level of cost-effectiveness and quality control. The company also needs to address
complex legal framework, as laws for 3D printing of medications are still in the early stages, leaving investors
and producers in the dark.

In future, 3D printing could significantly change the pharmaceutical industry by promoting on-demand
production, which can reduce waste, inventory costs and drug shortages. Additionally, there is possibility of
developing medication that are better tailored to specific patients and that increase the efficacy of the
treatment. The progression of this technology can make the medication better and cheaper, especially for
disadvantaged patients. Next generation drug production can benefit from 3D printing if the remaining
technical, legal and financial obstacles are resolved.
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In summary, despite the various obstacles, 3D printing has great potential for the pharmaceutical industry. It
offers opportunities to improve the effectiveness of medicinal products, tailor therapy and more efficient
manufacturing processes. With additional research, technological advances and regulatory reforms, 3D
printing could change the likelihood that medicines will be designed, manufactured and administered to
patients.
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