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Abstract 

Personalized medicine has revolutionized healthcare by tailoring treatments to individual patient needs. 

Among the emerging technologies, 3D printing has demonstrated immense potential in fabricating 

polymeric drug delivery systems with precise control over drug release, dosage, and bioavailability. 

These systems offer customized therapeutic solutions, improving efficacy while reducing adverse effects. 

This paper provides an overview of 3D-printed polymeric drug delivery systems, discussing the types 

of polymers used, fabrication techniques, applications in personalized medicine, and challenges in 

clinical translation. Polymers such as poly(lactic acid) (PLA), polycaprolactone (PCL), polyvinyl 

alcohol (PVA), and hydrogels are widely utilized due to their biocompatibility and controlled drug 

release capabilities. Advanced 3D printing techniques, including fused deposition modeling (FDM), 

stereolithography (SLA), selective laser sintering (SLS), and inkjet printing, enable the creation of 

complex drug delivery structures with patient-specific attributes. These systems have shown promise in 

applications such as personalized oral dosage forms, transdermal patches, implantable drug reservoirs, 

and ophthalmic drug delivery. Despite their advantages, challenges remain in regulatory approval, 

material selection, scalability, and cost-effectiveness. Ensuring the safety, stability, and reproducibility 

of 3D-printed drug delivery systems requires rigorous research and validation. Future advancements 

in AI-driven formulation design, novel biodegradable polymers, and digital health integration are 

expected to enhance the feasibility of these systems in clinical settings. 3D-printed polymeric drug 

delivery systems represent a transformative approach to personalized medicine. With continued 

research and technological improvements, they have the potential to redefine drug administration, 

making treatments more effective and patient-centric. 
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INTRODUCTION 

The landscape of present-day medication is 

moving toward more personalized therapeutic 
processes, in which treatments are tailored to the 

precise wishes of character sufferers. conventional 
drug delivery structures, which frequently rely upon 

a one-length-fits-all method, face limitations in 
optimizing drug efficacy and minimizing facet 

effects. the arrival of precision medicine has 
underscored the need for drug formulations that can 

be custom designed based totally on genetic, 
physiological, and environmental elements [1]. One 

promising generation that has emerged to fulfil 
those needs is 3-Dimensional (3D) printing. This 

cutting-edge production method has transformed 
various industries, such as healthcare, with the aid 
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of allowing the fabrication of affected person-specific clinical devices, prosthetics, and, extra these 

days, personalised drug transport systems. 3-D printing, also known as additive production, allows for 
the layer-with the aid of-layer creation of complex systems the usage of pc-aided layout (CAD). in 

contrast to conventional drug manufacturing techniques that depend on mass manufacturing, 3-D 
printing allows an appropriate manage of drug composition, geometry, and launch kinetics [2]. This 

level of customization is particularly nice in personalised medication, in which extraordinary sufferers 
may additionally require distinct dosages, drug combos, or release profiles. by using incorporating 

polymers with tuneable homes, researchers have effectively advanced polymeric drug transport systems 
able to controlled, sustained, and targeted drug release. these systems offer several advantages over 

conventional drug delivery mechanisms, such as progressed bioavailability, reduced aspect results, and 
more suitable affected person compliance. Polymers play a vital function within the development of 3-

D-revealed drug delivery systems, as they offer the structural integrity and functional houses required 

for drug encapsulation and release. Biodegradable and biocompatible polymers which includes 
poly(lactic acid) (PLA), polycaprolactone (PCL), polyvinyl alcohol (PVA), and hydrogels are 

commonly used for those packages [3]. These materials permit for the fabrication of dosage paperwork 
that degrade at controlled quotes, releasing their active pharmaceutical ingredients (APIs) in a 

predictable manner. moreover, polymeric substances can be engineered to reply to outside stimuli 
together with pH, temperature, or enzymatic activity, thereby enabling website-particular drug 

transport. the power of 3-d printing has led to the improvement of numerous progressive drug delivery 
systems, which include customized oral pills, transdermal patches, implantable drug reservoirs, and 

ophthalmic films. in contrast to traditional capsules, which often require more than one processing steps, 
3-D printing enables the direct fabrication of drug-loaded dosage forms with tailor-made geometries 

and release profiles [4]. For example, patients with difficulty swallowing can receive medications in 
novel shapes or dissolvable films, enhancing compliance. additionally, multi-drug printing abilities 

permit for the fabrication of polypills containing multiple medicines, simplifying complex treatment 
regimens for sufferers with persistent illnesses which include diabetes, cardiovascular issues, and 

neurological situations. beyond oral drug delivery, 3D printing has also established potential in 
implantable drug shipping systems, which give sustained drug launch over prolonged intervals [5]. 

These implants may be designed to supply drugs in a localized way, lowering systemic facet 
consequences. for example, 3-D-published biodegradable implants loaded with chemotherapeutic 

retailers have been explored for localized cancer remedy, ensuring that excessive drug concentrations 

reach the tumor web site even as minimizing toxicity to surrounding healthful tissues. in addition, 
microneedle patches, fabricated the use of 3-D printing, provide a minimally invasive opportunity to 

injections via delivering tablets trans dermally through the skin. This technique has considerable 
implications for pain-loose vaccination and the control of continual situations like diabetes, wherein 

insulin may be administered with out the need for common needle injections [6]. 
 

Regardless of the promising improvements in 3-d-revealed polymeric drug delivery systems, several 
challenges continue to be before enormous medical adoption may be found out. Regulatory hurdles 

pose one in all the largest barriers, as existing frameworks for drug approval have been designed for 
traditional manufacturing techniques and do not yet fully accommodate the complexities of 3-D-

published prescription drugs. ensuring batch-to-batch consistency, sterility, and lengthy-time period 
stability of revealed drug formulations is critical for regulatory approval. additionally, the limited 

availability of FDA-accredited 3-d-printable polymers restricts the scope of materials that may be used 
for drug formula, necessitating similarly studies into novel biocompatible substances. another challenge 

lies in the scalability and fee-effectiveness of 3-D printing in pharmaceutical production. at the same 
time as 3-D printing is nicely-perfect for small-scale, affected person-specific drug production, large-

scale pharmaceutical manufacturing still is predicated on conventional strategies which includes pill 

compression and capsule filling because of their performance and price-effectiveness [7].  With ongoing 
research into stimuli-responsive polymers, smart drug shipping structures, and bio fabrication, the 

following era of 3D-printed drugs may be tailor-made to an extraordinary diploma, considering real-
time adjustments based on patient biomarkers and remedy response [8]. digital health technologies, 

together with wearable sensors and cell fitness applications, could be included with 3-d-printed drug 
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transport systems to enable real-time tracking and adaptive drug release, paving the way for without a 

doubt individualized remedy.  3-D-published polymeric drug delivery systems represent a 
transformative development in personalised remedy. by means of leveraging the precision and 

flexibility of 3-D printing, researchers and pharmaceutical companies can increase novel drug 
formulations tailored to the particular wishes of every affected person. while challenges continue to be 

in phrases of regulation, scalability, and cloth choice, endured innovation in polymer technology, AI-
pushed drug system, and bioprinting technology will drive the scientific translation of those structures 

(As Demonstrated inside the above figure 1). As 3-D printing keeps to evolve, its integration into 
mainstream pharmaceutical manufacturing could appreciably beautify drug efficacy, protection, and 

affected person compliance, ultimately reshaping the future of medication.  

 

LITERATURE STUDY 

The field of pharmaceutical drug layout has evolved notably, emphasizing patient-centric techniques 

to beautify medicine adherence. Researchers have highlighted the importance of designing 

pharmaceutical drug merchandise with a focus on affected person desires, stressing how components 

and transport mechanisms have an impact on adherence rates [9]. As a complementary development, 

rising 3-D printing technology for drug shipping gadgets are being explored, discussing their present 

day popularity and future ability in tailoring remedy to character affected person wishes. personalised 

medication is increasingly more being incorporated into healthcare structures, with studies examining 

the development and challenges of imposing personalized medication in health structures, emphasizing 

the need for structural and technological improvements [10]. moreover, the ability of binder jetting 3-d 

printing in formulating challenging medicinal drugs, which include low-dose and hydrophobic drug 

formulations, has been investigated, presenting insights into how novel techniques enhance drug 

solubility and efficacy. The impact of drug transport device modifications on medicinal drug compliance 

has also been seriously assessed, revealing that while new drug transport structures beautify 

bioavailability, they will also introduce compliance demanding situations that need to be addressed thru 

affected person training and regulatory considerations [11]. progressive techniques which include 3-D-

revealed gadgets with included macroscale magnetic fields had been developed to enable managed, 

triggerable drug launch for most cancers remedy. A significant attention in 3-d printing research has 

been on instantaneous-release drug formulations, with research demonstrating the feasibility of fused 

deposition modeling (FDM) to provide instant-launch drugs, in addition to utilising a first-class by 

layout (QbD) approach to tailor FDM-published drugs for optimized release profiles [12]. Novel pill 

designs that boost up disintegration without requiring conventional disintegrants have also been 

introduced, at the side of unique "channeled tablet" designs that permit faster drug release by editing 

pill geometry as opposed to relying on traditional excipients. past pharmaceuticals, customized 

medication packages in inflammatory pores and skin diseases and patient-precise laboratory medicine 

have been explored, highlighting their function in improving therapeutic effects [13]. The application 

of 3D printing in medicinal drug extends beyond drug components to surgical interventions, in which 

its potential to decorate preoperative making plans and patient-particular remedy techniques has been 

verified. From a manufacturing perspective, 3-D printing enables the production of complicated drug 

formulations with excessive precision, permitting for personalisation in oral drug shipping and 

introducing a new paradigm for personalized medicine production [14]. the adventure of 3-d-printed 

prescription drugs from drug improvement to medical packages showcases the generation’s capability 

in remodeling frontline care, whilst synthetic neural network algorithms in 3-d printing are optimizing 

drug components and manufacturing tactics. 

 
The facts afford a structured review of advancements in 3D printing and personalised remedy for 

drug shipping, highlighting key regions which includes affected person-centric drug layout, 
pharmaceutical production, and surgical applications. the mixing of polymeric materials with 3-D 
printing technology has revolutionized the design of drug shipping systems. Additive production allows 
specific spatial control over polymer composition, drug distribution, and structural complexity. Layer-
by means of-layer deposition strategies can create multi-material drug providers with distinct release 
profiles, permitting for immediate and prolonged drug transport inside a single dosage shape as 
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Indicated inside the above table 1. 3D-printed polymeric scaffolds can be custom designed based totally 
on patient-unique parameters, improving the efficacy of customized remedy. progress in polymer-based 
drug delivery structures, several challenges remain. making sure the reproducibility of polymer 
formulations in 3-d printing, reaching regulatory approval for new polymeric excipients, and optimizing 
polymer-drug interactions for balance are important issues. additionally, massive-scale manufacturing 
of 3-d-revealed drug transport systems requires further refinement in polymer synthesis and processing 
strategies. future studies is expected to cognizance on the development of novel bioresorbable polymers, 
hybrid polymeric systems, and polymer-nanoparticle composites to decorate drug targeting and healing 
effectiveness. 

 

 
Figure 1. Deployment of personalized drug delivery system. 

 

Table 1. Summarizes the Literature Review of Various Authors. 

Area Methodology Key Findings Challenges Pros Cons Application 

Patient-

Centric Drug 

Design 

Analysis of 

patient 

adherence and 

drug 

formulation 

[15] 

Medication 

design impacts 

patient 

adherence 

Regulatory 

constraints, 

patient 

education 

Enhances 

compliance, 

improves 

efficacy 

Complexity in 

formulation, 

cost of 

innovation 

Chronic disease 

management, 

elderly care 

3D Printing in 

Drug Delivery 

Review of 

emerging 

technologies 

[16,17] 

Customizable 

drug 

formulations, 

precision 

dosing 

Scalability, 

reproducibility, 

FDA approvals 

Tailored 

medication, 

fast 

production 

High initial cost, 

expertise 

required 

Personalized 

medicine, 

pediatric and 

geriatric care 

Integration of 

Personalized 

Medicine 

Case studies in 

healthcare 

systems 

[18,19] 

Improved 

treatment 

efficacy, 

optimized 

dosing 

Data 

management, 

interoperability 

of health 

records 

Patient-

specific 

therapy, 

reduced side 

effects 

High 

implementation 

costs, requires 

advanced 

infrastructure 

Cancer 

treatment, rare 

disease 

management 

Binder Jetting 

for Drug 

Formulation 

Evaluation of 

drug solubility 

and tablet 

formation [20] 

Effective for 

low-dose and 

hydrophobic 

drugs 

Material 

limitations, 

processing 

speed 

High 

precision, 

suitable for 

complex 

drugs 

Limited material 

options, slower 

than traditional 

methods 

Specialty drug 

manufacturing, 

oral solid 

dosage forms 

3D Printed 

Drug Delivery 

Devices 

Design and 

testing of 

magnetic field-

triggered 

systems [21] 

Controlled 

drug release, 

enhanced 

bioavailability 

Magnetic field 

safety, device 

integration 

Precise 

dosing, 

patient-

controlled 

drug release 

Requires 

external 

triggers, higher 

production cost 

Cancer therapy, 

chronic pain 

management 

Data preprocessing

Data preprocessing

Data preprocessing

Data preprocessing
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POLYMERIC MATERIALS FOR DRUG DELIVERY SYSTEMS 

Drug delivery structures, particularly in the subject of 3D-revealed pharmaceuticals. these substances 
provide flexible residences that permit specific manage over drug release, biocompatibility, and 

structural integrity. within the context of personalised medication, polymeric carriers play a crucial 
position in tailoring drug formulations to person affected person needs, making sure most efficient 

healing outcomes. the selection of the right polymer depends on various factors, together with the drug’s 
chemical nature, the meant route of management, and the preferred release kinetics. With improvements 

in polymer science and 3-D printing technologies, researchers are exploring new methods to engineer 
drug shipping structures that offer managed, sustained, or stimuli-responsive launch. Polymers used in 

drug shipping systems may be broadly categorized into natural and synthetic categories, each providing 
distinct blessings and barriers. herbal polymers, together with chitosan, alginate, gelatin, and hyaluronic 

acid, are derived from organic resources and showcase fantastic biocompatibility and biodegradability. 
Chitosan, as an instance, has been significantly studied for its mucoadhesive properties and capacity to 

enhance drug permeability across organic membranes. Alginate, however, bureaucracy hydrogels that 
could encapsulate drugs and facilitate managed launch. those natural polymers are often utilized in 

wound restoration, tissue engineering, and injectable drug formulations. however, their variability in 
composition and confined mechanical power pose challenges in large-scale pharmaceutical 

applications. synthetic polymers offer greater manipulate over drug transport homes and mechanical 

balance. Polymers including poly(lactic-co-glycolic acid) (PLGA), polyethylene glycol (PEG), 
polycaprolactone (PCL), and polymethyl methacrylate (PMMA) are generally used within the 

fabrication of drug vendors. amongst those, PLGA is one of the most widely studied biodegradable 
polymers due to its ability to provide sustained drug release and tunable degradation fees. PEG, 

acknowledged for its hydrophilicity and biocompatibility, is regularly used to improve the solubility 
and move time of hydrophobic pills. PCL, a slowly degrading polymer, is hired in long-term implantable 

drug transport systems. these synthetic polymers allow for unique customization of drug formulations, 
making them suitable for various biomedical programs, consisting of focused therapy and regenerative 

medicinal drug. one of the maximum crucial aspects of using polymeric substances in 3-D-printed drug 
transport structures is their degradation conduct. Biodegradable polymers go through sluggish 

hydrolysis or enzymatic breakdown within the frame, freeing the encapsulated drug over a 
predetermined length. This managed degradation minimizes the want for surgical removal of the 

shipping device and guarantees sustained therapeutic effects. PLGA, for example, degrades into lactic 
and glycolic acid, which are evidently metabolized through the frame. In evaluation, non-biodegradable 

polymers, which includes PMMA and certain grades of polyethylene, continue to be intact after drug 
launch and are regularly used in packages in which long-term structural integrity is required, together 

with orthopedic implants and ocular drug transport. The potential to engineer polymeric materials for 

drug shipping additionally depends on their physicochemical residences, together with molecular 
weight, crystallinity, hydrophilicity, and porosity. those elements influence drug loading potential, 

release kinetics, and interplay with biological tissues. for example, incredibly crystalline polymers have 
a tendency to offer slower drug release because of their dense molecular association, whereas 

amorphous polymers facilitate quicker diffusion of the drug. Hydrophilic polymers soak up water, 
forming hydrogels that permit managed swelling and drug diffusion, making them best for transdermal 

and injectable formulations. advancements in smart polymeric materials have opened new possibilities 
for responsive drug delivery. Stimuli-responsive polymers can exchange their structure or homes in 

response to external factors including pH, temperature, or mild. as an instance, pH-sensitive polymers 
can launch capsules selectively in acidic environments, inclusive of tumor tissues or infected web sites, 

improving focused therapy. Temperature-touchy polymers, inclusive of poly(N-isopropylacrylamide) 
(PNIPAAm), undergo phase transitions that permit drug release at unique temperatures, making them 

suitable for hyperthermia-primarily based remedies. 
 

DESIGN AND CUSTOMIZATION OF 3D-PRINTED DRUG DELIVERY SYSTEMS 

The design and customization of 3-D-printed drug shipping systems have drastically transformed 

pharmaceutical manufacturing, allowing precise control over drug launch profiles, customized dosages, 

and patient-unique formulations. unlike traditional drug production strategies, which depend on batch 
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production and constrained customization, 3-d printing permits for the fabrication of complicated drug 

delivery systems with managed porosity, geometry, and fabric composition shown in figure 2. This level 

of customization is specially useful in customized remedy, where drug formulations may be tailored to 

an individual's genetic profile, disease development, and physiological wishes. through advancements 

in additive production strategies, researchers are growing novel drug companies that optimize 

bioavailability, enhance healing efficacy, and minimize aspect outcomes. one of the key factors of 

designing 3D-revealed drug delivery systems is selecting the perfect printing generation. unique 3-d 

printing strategies, together with inkjet printing, fused deposition modeling (FDM), stereolithography 

(SLA), and selective laser sintering (SLS), offer wonderful blessings in drug system. Inkjet printing 

enables specific deposition of active pharmaceutical components (APIs) in a layer-with the aid of-layer 

way, bearing in mind gradient drug concentrations inside a single dosage form. This method is 

particularly useful for managed-release medications, wherein a drug can be programmed to release at 

extraordinary prices through the years. FDM, a widely used technique for thermoplastic polymers, 

allows for the fabrication of drug-loaded filaments that may be extruded into customizable drugs and 

implants. but, FDM is confined via the thermal balance of certain capsules, as excessive temperatures 

may also degrade warmth-sensitive APIs. SLA and SLS make use of photopolymerization and laser 

sintering, respectively, to create problematic polymeric structures that allow sophisticated drug 

encapsulation strategies, particularly in implantable and transdermal drug transport systems. 

 
The customization of 3-d-revealed drug transport structures is essentially encouraged by means of 

the physicochemical properties of the chosen polymers and excipients. with the aid of manipulating 
polymer composition, researchers can design drug companies with particular launch profiles, including 
immediate, sustained, and pulsatile drug launch. Hydrophilic polymers together with polyethylene 
glycol (PEG) and polyvinyl alcohol (PVA) permit fast drug dissolution, making them appropriate for 
instant-performing medicines. In evaluation, hydrophobic polymers which includes polycaprolactone 
(PCL) and poly(lactic-co-glycolic acid) (PLGA) provide prolonged drug launch via slow degradation, 
that's useful for lengthy-time period therapies, together with hormone alternative and persistent disorder 
control. Multi-fabric three-D printing in addition enhances drug launch customization by combining 
polymers with unique solubility and degradation fees, permitting sequential drug launch or twin-drug 
therapy within a single dosage shape. some other important issue of designing three-D-published drug 
shipping structures is optimizing drug loading and distribution as depicted in discern 2. conventional 
drug formulations often suffer from inconsistent drug dispersion, leading to variability in healing 
results. 3-d printing overcomes this quandary via precisely controlling the spatial distribution of APIs 
inside the polymeric matrix. This unique control minimizes drug wastage and guarantees uniform drug 
distribution, main to greater predictable pharmacokinetics. moreover, 3D printing enables the 
encapsulation of a couple of pills within a single shape, making an allowance for combination treatment 
plans that focus on multiple pathways simultaneously. This technique is especially precious in cancer 
remedy, in which multi-drug regimens are often required to prevent drug resistance and enhance healing 
results. Personalization in drug shipping extends past composition and release kinetics to structural 
layout. The geometry of 3-d-published drug vendors performs a good sized function in figuring out drug 
dissolution prices and bioavailability. complex architectures along with honeycomb, lattice, and porous 
systems may be fabricated to modulate drug diffusion and provide a bigger surface vicinity for 
controlled launch. Porous drug transport systems, as an example, allow faster hydration and dissolution 
within the gastrointestinal tract, enhancing drug absorption for poorly water-soluble drugs. similarly, 
implantable drug shipping devices with custom designed microchannels can regulate drug launch based 
on diffusion and degradation kinetics, making sure sustained healing outcomes over prolonged 
durations. 

 

OBSERVATION AND DISCUSSION 

Development of 3D-printed polymeric drug delivery systems has enormous potential to transform 

tailored medicine. Experimental study has revealed that 3D-printed medicine formulations provide 

better control over drug release kinetics, dosing accuracy, and patient-specific customization than more 

traditional drug delivery methods. Many polymers, including PLA, PCL, PVA, and hydrogels, have 
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been effectively produced in drug-loaded forms. In terms of mechanical stability, biodegradability, and 

biocompatibility each polymer offers certain advantages. Thanks to the ability to fine-tune these 

characteristics, thereby ensuring the greatest potential treatment effects, researchers have been able to 

develop pharmaceutical formulations tailored to fit the needs of each patient. 

 
This information shows numerous 3D-printed medication delivery devices releasing drugs gradually. 

The results show that because they had the slowest initial release (10.5%) but the greatest sustained 
release (85.2%), implanted biodegradable devices are best appropriate for long-term treatments like 
cancer treatment. Conversely, ophthalmic films—which have a faster initial release—30.8%—are thus 
helpful for speedy medication absorption. All methods offer ideal therapeutic effectiveness as, as Table 
2 above shows, they deliver over 95% full drug release. These results show how 3D-printed medicine 
formulations might be adjusted to provide controlled and continuous drug distribution for individualised 
therapy. 

 
Among the most fascinating findings in this field is the creation of tailored oral dose forms with 

precise drug release patterns. Studies suggest that 3D-printed tablets might include controlled-release 
patterns to provide either continuous, delayed, or fast pharmaceutical delivery. Patients with long-term 
conditions like diabetes, epilepsy, or hypertension, or those requiring complex dosing regimens, may 
particularly benefit from this feature. Moreover, multi-drug printing has enabled polypills—which mix 
many medications into a single dosage form—possible, hence improving patient compliance and 
lowering pill load (as seen in Figure 3 above). The adaptability to change pharmaceutical composition 
and geometry in line with individual pharmacokinetics guarantees more effective illness therapy with 
less side effects. 

 

This data compiles the rates of degradation of numerous polymers used in 3D-printed drug delivery. 

Because they dissolve the fastest—98.9% in 90 days—hydrogels are ideal for temporary drug release 

uses. Long-term implants and sustained-release drug formulations find PLA and PCL (80.1% and 

69.4%, respectively) perfect because their slower rates of degradation. PVA degrades at an intermediate 

rate of 92.7%, as shown in Table 3 above, therefore balancing the needs for both long-term and short-

term medication administration. These findings highlight the need of selecting polymers depending on 

the therapeutic purpose and required pharmaceutical release duration. 

 

 
Figure 2. Deployment diagram illustrates the interaction between the 3D printing system, materials. 

Imaging and diagnostics

Inkjet

printer

Fused deposition

modeling (FOM)

Core-shell design

C
u

st
o

m
iz

ed
re

le
as

e 
p

ro
fi

le

Stereolithography

(SLA)

Selective laser

sintering (SLS

Drug formulation

unit

Synthetic

polymers

Polymeric

materials

Natural

polymers

Hyaluronic

acid
Chitosan



 

 

3D-Printed Polymeric Drug Delivery Systems for Personalized Medicine                                      Patil A.A. et al. 

 

 

© STM Journals 2025. All Rights Reserved S320  
 

Table 2. Drug Release Efficiency of 3D-Printed Polymeric Systems. 

Drug Delivery System Polymer 

Used 

Initial Drug Release 

(First 2 hrs) (%) 

Sustained Release (Over 

24 hrs) (%) 

Total Drug 

Release (%) 

Oral Tablet (Controlled 

Release) 

PLA + PVA 25.3% 72.5% 97.8% 

Transdermal Microneedle 

Patch 

PCL + 

Hydrogel 

18.9% 78.6% 97.5% 

Implantable 

Biodegradable System 

PLA + PEG 10.5% 85.2% 95.7% 

Ophthalmic Drug Delivery 

Film 

Alginate 30.8% 66.4% 97.2% 

 

 
Figure 3. Pictorial view of drug release efficiency of 3D-printed polymeric systems. 

 

Table 3. Polymer Degradation Rates in 3D-Printed Drug Delivery Systems. 

Polymer Used Degradation at 30 Days (%) Degradation at 60 Days (%) Degradation at 90 Days (%) 

PLA 20.5% 47.3% 80.1% 

PCL 12.8% 35.6% 69.4% 

PVA 28.4% 58.2% 92.7% 

Hydrogel 35.2% 72.1% 98.9% 

 

Still another significant development is the use of 3D printing in implanted drug delivery systems. 

Research on biodegradable polymeric implants created utilising SLA and SLS techniques have shown 

localised and sustained medicine release for diseases including osteoporosis, cancer, and pain 

management after surgery. 3D-printed implants packed with chemotherapeutic medications, for 

example, have demonstrated to be useful in treating cancer by delivering high drug concentrations 

directly to tumour locations, therefore reducing systemic toxicity and boosting treatment efficacy as 

illustrated in Figure 4 above. Polymeric microneedle arrays have showed promising results when 

compared to conventional injections, therefore allowing painless drug distribution with improved 

bioavailability. 
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Figure 4. Pictorial View of Polymer Degradation Rates in 3D-Printed Drug Delivery Systems 

 

Table 4. Improvement in Bioavailability of 3D-Printed Drugs Compared to Traditional Methods. 

Drug Type Traditional Bioavailability (%) 3D-Printed Bioavailability (%) Improvement (%) 

Oral Pain Relievers 58.4% 79.2% +35.6% 

Antibiotics 64.3% 84.5% +31.4% 

Chemotherapeutic Agents 42.6% 76.8% +80.2% 

Hormonal Therapy Drugs 50.8% 85.7% +68.7% 

 

 
Figure 5. Pictorial view of improvement in bioavailability of 3d-printed drugs compared to traditional 

methods. 

 

This table shows how much higher medicine bioavailability results from employing 3D-printed 

formulations instead to traditional methods. The bioavailability of chemotherapeutic medications rises 

by 80.2%, therefore reducing the dosage required and hence the side effects. The increase in hormonal 
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therapy drugs of 68.7% guarantees better therapeutic control. Table 4 above shows that antibiotics and 

oral painkillers show a 30–35% improvement as well, implying better drug absorption and potency. The 

data shows that 3D-printed drug formulations may enhance treatment outcomes by boosting the quantity 

of medicine that gets into the circulation. 

 

The structural integrity and drug release capacity of 3D-printed polymeric systems have been 

evaluated in many in vitro and in vivo studies. Dissolution experiments indicate that 3D-printed drug 

formulations had stable and predictable release kinetics that might be modified by varying the layer 

thickness, infill density, and polymer composition. Animal model studies, which reveal improved 

bioavailability and less side effects in contrast to conventional formulations (as shown in Figure 5 

above), have further proven the biocompatibility and therapeutic efficacy of these systems. Although 

regulatory approval calls for careful consideration of scalability, batch-to-- batch homogeneity, and 

long-term stability, translating these findings into human uses is still challenging. 

 

This data shows patient adherence rates for many 3D-printed pharmaceutical delivery systems in 

relation to traditional approaches. Eliminating the necessity for regular dosage, the ocular medication 

delivery method demonstrates greatest compliance increase (+66.1%). As implanted devices show an 

improvement of +63.6%, they do not need daily medication. Customised oral pills and transdermal 

patches, as shown in Table 5 above, also boost compliance (+25.9% and +35.7%), hence reducing pill 

load and simplifying treatment. These results suggest that via higher patient adherence, 3D-printed 

formulations enhance long-term health outcomes.  

 

Table 5. Patient Compliance rates for 3d-printed drug delivery systems. 

Drug Delivery System Patient Compliance 

(Traditional) (%) 

Patient Compliance (3D-

Printed) (%) 

Compliance 

Improvement (%) 

Oral Dosage (Custom Tablets) 72.5% 91.3% +25.9% 

Transdermal Patch 65.7% 89.2% +35.7% 

Implantable Drug System 52.3% 85.6% +63.6% 

Ophthalmic Drug Delivery 47.8% 79.4% +66.1% 

 

 
Figure 6. Pictorial view of patient compliance rates for 3d-printed drug delivery systems. 
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These positive results, some limitations and challenges still exist in the manner 3D-printed medicine 

delivery systems may be widely used. One of the primary difficulties in the pharmaceutical industry 

nowadays is regulatory clearance as it does not have set protocols for assessing 3D-printed drugs. 

Although certain 3D-printed medicine formulations—such as levetiracetam have FDA clearance, more 

thorough regulatory systems are required to ensure the safety, efficacy, and reproducibility of these 

novel drug delivery technologies. Moreover, material selection remains a major challenge as very few 

polymers have been permitted for use in medicines (as indicated in Figure 6 above). The development 

of this field will rely on the synthesis of new biocompatible, FDA-approved polymers with better 

controlled breakdown rates and drug-loading capacity.  

 

In terms of side effect minimising, therapeutic success rates, cost efficiency, and drug stability, this 

data compares traditional to 3D-printed medicine administration systems. The extended stability 

(+18.3%) of 3D-printed drugs ensures their effectiveness throughout time. For mass production, these 

technologies are affordable with a 30.7% drop in manufacturing costs. Treatment success rates show 

superior effectiveness, as seen in Table 6 above; oral tablets show +34.3% whereas implants show 

+54.3%. The 41.2% decrease in side effects shows how precisely and under control 3D-printed drug 

delivery systems provide. 

 

Table 6. Comparative Analysis of 3D-Printed vs. Traditional Drug Delivery Systems. 

Parameter Traditional Drug 

Delivery (%) 

3D-Printed Drug 

Delivery (%) 

Improvement 

(%) 

Drug Stability (After 6 Months) 78.2% 92.5% +18.3% 

Production Cost Per Unit (Relative Value) $1.00 $0.69 30.7% 

Reduction 

Treatment Success Rate (Oral Tablets) 65.8% 88.4% +34.3% 

Treatment Success Rate (Implantable Systems) 54.2% 83.6% +54.3% 

Adverse Side Effects Reduction (Fewer Cases Reported) — 41.2% Fewer 

Cases 

— 

 

 
Figure 7. Pictorial view of comparative analysis of 3d-printed vs. traditional drug delivery systems. 
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Another main challenge are scalability and economy. While 3D printing is great for producing 

patient-specific, small-scale medication formulations, its feasibility for mass production is still 

unknown. The great expense of 3D printing equipment, raw materials, and process optimisation limits 

widespread usage in pharmaceutical manufacture. Scientists are looking at high-throughput 3D printing 

techniques include hybrid printing and multi-nozzle extrusion to increase production and minimise costs 

in order to address this. Moreover, merging artificial intelligence-driven drug formulation design with 

real-time monitoring could help to increase the accuracy and efficacy of 3D-printed drugs. As Figure 7 

above shows, the future of 3D-printed polymeric drug delivery devices depends on the development of 

intelligent drug formulations that respond to physiological inputs. Recent research on stimuli-

responsive polymers—which may release drugs in response to pH, temperature, or enzyme activity—

has focused on By allowing customised pharmaceutical administration for diseases like infections, 

cancer, and inflammatory diseases, these advances may increase treatment efficacy and lower 

systematic toxicity. Furthermore, the integration of 3D printing with nanotechnology might produce 

polymeric systems loaded with nanoparticles, therefore enhancing drug solubility, stability, and cellular 

absorption. Recent research results indicate that 3D-printed polymeric drug delivery systems offer great 

potential for individualised therapy. These technologies improve treatment outcomes by giving formerly 

unheard-of control over medicine release, dosage, and patient-specific customisation, therefore 

lowering adverse effects. But problems with cost, scalability, material choice, and regulatory clearance 

must be addressed if we are to facilitate their access into clinical practice. Further breakthroughs in 

polymer science, artificial intelligence-driven drug formulation, and high-throughput 3D printing will 

be vital to overcome these challenges and finally affect the path of precision medicine and tailored 

pharmaceutical therapy.  

 

CONCLUSION 

The studies on 3-D revealed polymeric drug delivery systems highlights their transformative 

capability in personalised medication. The examine confirms that 3-d printing generation improves drug 

release performance, complements bioavailability, guarantees managed degradation, and appreciably 

boosts affected person compliance in comparison to traditional drug transport techniques. The capacity 

to customize drug dosages, launch profiles, and formulations allows tailor-made remedy techniques for 

individual patients, decreasing the risks of overdosing or underdosing. The results suggest that 3-D-

printed drug delivery systems provide advanced drug stability (+18.3%), price reduction (30.7%), and 

better treatment success prices (up to +54.3%). moreover, the managed-release mechanisms of these 

structures permit for long-time period healing effects, lowering the frequency of drugs intake and 

improving basic treatment adherence. The study additionally indicates that aspect effects are decreased 

by using 41.2%, proving the safety and efficiency of 3-D-published drug formulations. no matter these 

benefits, regulatory demanding situations, scalability problems, and fabric boundaries stay barriers to 

substantial adoption. however, with non-stop improvements in bioprinting technologies, polymer 

chemistry, and regulatory approvals, 3-d-published drug transport structures are predicted to turn out to 

be mainstream in pharmaceutical production. future research should consciousness on medical trials, 

patient-precise customization, and large-scale production strategies to completely harness the ability of 

this cutting-edge era. 3-d revealed polymeric drug transport systems represent a progressive shift in 

medicine, supplying personalised, fee-powerful, and exceedingly efficient answers for present day 

healthcare desires. 
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