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Abstract: This study focuses on the innovative applications of microneedles in transdermal drug delivery,
aiming to explore their underlying mechanisms for overcoming skin barrier limitations and summarise cutting-edge
advances. Recent transdermal delivery research has increasingly emphasised mechanism optimisation and material
innovation for microneedles. This review analyses five delivery mechanisms — including "poke and patch" and
"coat and poke" — clarifying their principles, advantages, and existing challenges. By examining application cases

across ophthalmic disorders, dermatology, oncology, autoimmune diseases, and chronic metabolic conditions, it
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demonstrates broad prospects for drug delivery efficiency and health monitoring. Future efforts must address critical

challenges including scalable production, long-term safety validation, and personalised treatment approaches to

accelerate clinical translation.
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Figure 1 Transdermal drug delivery approaches using micronee-
dles (MNs). A: "Poke and patch" approach; B: "Coat and poke"
approach; C: "Poke and flow" approach; D: "Poke and release"
approach; E: "Poke and swell" approach
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Table 1
vinyl alcohol; PLGA: Poly (lactic-co-glycolic acid)

Advantages and disadvantages of different approaches of drug delivery by microneedles. PVP: Polyvinyl pyrrolidone; PVA: Poly-

Delivery Material Manufacturing method Application Advantage Disadvantage Ref.
approach
"Poke Silicon, Micro-molding, lithography, Skin pre-treatment High mechanical, mature Two application process, [10,11]
and stainless etching, laser engraving, preparation technology, sustained  pores of the skin close
patch"  steel, acrylic micro-milling, 3D printing drug delivery capability quickly, no accurate dosing,
sharp waste disposal

"Coat Stainless Dip-coating, gas-jet drying, Influenza vaccine, Rapid drug release, high Low drug loading capacity, [12-16]
and steel, spray coating, electro- biosensing mechanical strength, precise single-use only, limited
poke" titanium, hydrodynamic atomization, applications, dosing, enhanced drug stability, no material compatibility,

polymer piezoelectric inkjet printing  protein delivery cold chain required, no risk reuse  infection risk
"Poke Silicon, Laser-cutting method, 3D Drug delivery, Delivering high-dose drugs, Risk of clogging, complex  [17-21]
and metal, glass, printing, stereo lithography, mRNA delivery, controllable delivery rate, two-component device,
flow" ceramic, blowing air, drawing cell therapy, mechanically robust cold-chain storage and

polymers lithography glucose monitoring transportation
"Poke PVP,PVA, Casting, drawing Skin disease, Controllable drug release, high Poor mechanical strength,  [22-24]
and PLGA lithography, droplet-born air chronic pain, biocompatibility, high drug temporary foreign body
release" blowing, centrifugal lidocaine, vaccine loading, no sharp waste, no reaction, drugs affect

lithography, 3D printing requirement for cold-chain storage needle strength

"Poke Chitosan, Micro-molding, casting, Anti-scarring, drug No residual in skin, potential for ~ Limited range of swelling ~ [25-29]

and PVA, PLGA
swell"

electrospinning, 3D printing

delivery, sampling
and sensing

sustained or controlled release,

high drug loading capacity,

biocompatible materials used

materials
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Figure 2  Efficient sonodynamic ion therapy-based MN patch for acne treatment. Adapted from Ref. 58 with permission. Copyright © 2023

AAAS
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