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Fig. 1 Classification of microneedles": (a) solid MNs; (i) non-degradable solid MNs; (ii) dissolving solid MNs; (b)
coated MNs; (c) hollow MNs; (d) porous MNs; (iii) hydrogel-forming MNs'"
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Fig. 2 Vat polymerization 3D printing technology: (a) stereolithography (SLA) and two-photon polymerization (2PP); (b)

digital light processing (DLP); (c) continuous liquid interface production (CLIP); (d) volumetric printing(VP)

Tab. 1 Advantages and limitations of photocuring 3D printing technology

(1

Vat polyrr.lervlzatlon 3D Advantages
printing

Limitations

Appearing earliest, with high maturity,canconstruct many

SLA
complex structures
Two-photon laser, with high resolution,MN tip can reach
2PP . o .
nanometer level and has highprinting efficiency
DLP Layer by layer solidification, printing accuracyhigher than
laser printing
Capable of continuous high-speed printing.smooth surface
CLIP of microneedles to eliminate step
patterns
VP Fast molding speed

Low printing speed
The printing process is cumbersome, the
instrumentsare precise and expensive, and the range of

materialselection is limited

Narrow molding area,suitable for printing smallparts

Further development required

Limited applicability of ink,high requirements
forwiscositv and formabity ofink materias
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Fig. 3 Microneedle model design: (a) microneedles with round, triangle, cross and star-shapes”; (b) schematic illustration of the
honeybeeinspired MNs fabricated by magnetorheological drawing lithography; (¢) pyramid shaped microneedles™; (d)
ultra-sharp microneedles™"; (e) effect of the input height of the microneedle on 3D printing; (f) effect of the aspect ratios of
the microneedle on 3D printing; (g) effect of the spacing between the microneedles on microneedle tip printing; (h) effect of

adjusting the 3D printing angle on the microneedle tip printing
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Fig. 4 Application of microneedles in drug delivery: (a) SLA preparation of microfluidic hollow microneedle device to
deliver multiple drugs"”; (b) MNP delivery of vaccines™; (c) CLIP microneedle array delivery of vaccines™
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Fig. 5 Application of microneedles in skin regeneration and biosensing: (a) effect diagram of biomimetic microneedles with
antibacterial properties promoting hair regeneration"; (b) schematic diagram of silk fibroin microneedles using
mechanical stimulation to promote skin regeneration"”’; (¢) schematic illustration of the application and principle of
inverse opal MNs arrays for fluorescence enhanced detecting skin ISF biomarkers'™’
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ABSTRACT: Polymer microneedles are widely used in transdermal drug delivery, skin regeneration, and
biosensing due to their flexible and adjustable molecular network structure. Compared with the traditional reverse
molding method for preparing microneedles, vat polymerization 3D printed polymer microneedles have significant
advantages in personalized design and rapid preparation, and have enormous development potential. This article
introduced the basic classification, preparation methods, and polymer microneedle materials suitable for vat
polymerization 3D printing of polymer microneedles. In addition, this article summarized the issues of insufficient
precision and penetration strength of polymer microneedles in vat polymerization 3D printing from four aspects:
printing ink, molding parameters, microneedle model design, and post-processing. It also summarized the current
application trends of polymer microneedles in vat polymerization 3D printing, and finally looked forward to their
future development prospects.

Keywords: vat polymerization 3D printing; polymer microneedle; accuracy; strength



