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INTRODUCTION

The dual burden of diabetes mellitus and cognitive dysfunction represents a growing challenge for clinicians and
healthcare systems. While tight glycemic control is sustained through tailored pharmacotherapy, emerging literature
highlights that both the disease and its treatment may influence cognition. Understanding drug utilization patterns
alongside the high prevalence and risk factors of cognitive impairment in diabetes is necessary for optimal patient
care.

3D Printing Technologies Utilized in Pharmacy
The principal 3D printing technologies adopted in pharmaceutical settings include:
e Fused Deposition Modeling (FDM): Melts and extrudes polymer-drug blends to build structures layer by
layer. Widely used for solid dosage forms such as tablets and polypills?.
e Semi-Solid Extrusion (SSE): Extrudes paste-like meds at room or lower temperatures; ideal for thermolabile
drugs and chewable forms!?,
e Binder Jetting (BJ-3DP): Sprays liquid binders onto drug-containing powder beds to form solid structures,
enabling rapid tablet production.
o Selective Laser Sintering (SLS): Uses lasers to fuse powder particles, useful for complex geometries and
porous dosage forms.
o Stereolithography (SLA) and Digital Light Processing (DLP): Uses photopolymerization, often for medical
devices rather than direct drug incorporation?!,
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Design Approaches and Innovations
Personalized Dosage Forms
e Individualized Dosing: By adjusting the digital model, pharmacists can print dosage forms tailored to patient's
age, weight, organ function, and genetics (pharmacogenomics)®?!,
o Polypills: Multiple drugs with varied release profiles are incorporated into a single tablet, simplifying regimens
for polypharmacy patients®..

Pediatric and Geriatric Adaptation
o Flavor and Shape Customization: For children, 3D printing enables palatable, playful-shaped chewables; for
the elderly, it facilitates printlets (3D-printed tablets) with rapid dispersion or easier swallowability?'),
e Braille and Visual Markings: Tablets or films with tactile markers and Braille enhance medication safety in
visually impaired patients'®,

Controlled and Complex Release Profiles
e  Multilayered Tablets: Layered constructs enable immediate, delayed, or pulsed drug release by careful spatial
design™,
e Compartmentalized Devices: Structures with isolated chambers allow sequential drug release, essential for
complex therapiest!!*!,

Medical Devices and Accessories
e Implants and Prostheses: Patient-specific anatomical models, stents, and implants improve pre-surgical
planning and outcomes.
e Dispensing Aids: Custom pill splitters, organizers, and compliance aids can be quickly produced to address
unique clinical needs!®.

Practical Implementation in the Pharmacy Department
‘Workflow Integration
I[Mlustration: Workflow schematic showing digital prescription input, pharmacist review, CAD design selection, 3D
printing, QC check by pharmacy staff, dispensing to patient]
o Digital Prescription: Physicians prescribe individualized doses, received electronically in the pharmacy.
e Design Adaptation: CAD models are adjusted by pharmacists for the patient’s needs—dose, shape, release.
e  Onsite Printing: The medication is printed in a controlled environment, often within or adjacent to the
hospital pharmacy.
e  Quality Control: Pharmacist or technician performs post-printing QC, including visual inspection, mass, and
drug content verification.
e Patient Counseling: Counseling addresses differences between 3D-printed and conventional dosage forms.

Real-World Applications

Application Technology Implementation Site Outcome

Isoleucine chewable printlets for | Semi-Solid Hospital pharmacy, | Improved pediatric

rare disease Extrusion Spain compliance!®

Polypills for | FDM Danish hospital | Medication

elderly/polypharmacy patients pharmacy simplification

Braille-marked orally | FDM/SSE Multiple Enhanced accessibility

disintegrating films

Personalized warfarin dosing Binder Hospital pharmacy Accurate, patient-

Jetting/ FDM specific dosing

Pediatric clonidine tablets SSE Chinese hospital Accurate dose

subdivision

Case Studies and Graphical Overview

Case 1: Pediatric Personalized Therapy

A hospital pharmacy used SSE 3D printers to fabricate isoleucine printlets in custom strengths and flavors for
pediatric patients with maple syrup urine disease, boosting acceptability and adherence'.
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Case 2: Dose Tailoring for Narrow Therapeutic Index Drugs

3D-printed warfarin tablets at doses from 0.5mg to 5mg demonstrated 91.5-102.4% dose accuracy, reducing tablet
splitting errors and adverse events®!®l,

![Bar chart: Dose accuracy (%) of traditional compounding vs. 3D-printed warfarin tablets — 3D printing consistently
achieves higher precision.]

Benefits Over Conventional Methods
e Precision: Accurate dosing, controlled release, complex drug layering®?(!,
e Personalization: Tailored forms, flavors, and dosing for unique patient needs'?.
o  Workflow Efficiency: On-demand production cuts waste, stock needs, and lead timest!.
e Reduced Polypharmacy/Errors: Polypills reduce pill burden, simplify regimens, and minimize medication
errorslel,
e Enhanced Accessibility: Custom tactile/Braille features for the visually impaired'®.

Challenges and Considerations

e Regulatory Oversight: Quality, safety, and documentation standards for onsite 3D printing must be rigorously
defined and harmonized™.

e Material Selection: Excipients and polymers must be verified for compatibility and printability for
pharmaceutical applications®?®!,

e Cost and Training: Upfront investment and workforce training are essential, though unit costs may fall with
wider adoption! !,

o Workflow Integration: Requires collaboration between prescribers, pharmacists, IT staff, and quality
assurance teams.

Future Outlook

Future directions include integration with telepharmacy, artificial intelligence-driven design optimization,
decentralized production in community pharmacies, and advanced tissue engineering for regenerative therapies1¢/,
As technology matures and regulatory guidance strengthens, 3D printing is poised to fundamentally reshape the role

of pharmacy departments in precision medicine delivery.

CONCLUSION

3D printing is rapidly expanding the scope of pharmacy, offering innovative solutions for personalized drug therapy,
improved patient compliance, efficient workflow, and the reduction of medication errors. Departments that
incorporate this technology are at the forefront of individualized care, translating digital designs into tangible health
benefits.
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