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Development of Cone-Type Stretchable Transdermal Drug
Delivery Microneedle Patch Based on 3D Printing Technology
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ABSTRACT

This study explored the potential of microneedle technology in transdermal drug delivery application based on a
one-step fabrication process using digital light-processing (DLP) printing. To fabricate high-resolution microneedles,
DLP printing parameters which include the printing angle were optimized from 0°, 40° and 60° in x-axes. The micro-
needle substrate was optimized to maintain high stretchability and durability to adapt to dynamic deformations result-
ing from human movement. The fabricated microneedle demonstrated good ability to effectively penetrate the artificial
skin, releasing Rhodamine B as the therapeutic drug molecule in this study. This one-step DLP fabrication process
is efficient and versatile, enabling the rapid development of wearable devices for transdermal Drug Deliv. These re-
sults emphasize the potential of microneedle technology for creating wearable devices that facilitate convenient,

pain-free, and effective delivery of various bioactive molecules for both self-administration and clinical applications.
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Fig. 1. (A) Schematic diagram of microneedle fabri-
cation using DLP printing with two different
resins; the base substrate (15 mmx15 mm) is
made from urethane resin (CFY063W) while
the microneedle is from industrial HTR resin
(3DKHO1). B) Top, front, and left view of the
rotated microneedle at 0°, 40° and 60° in
X-axes.
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Fig. 2. (A) Diameter base of the needle as a function
of exposure time. The CAD model of the
microneedle has a circle base with dimensions
of 0.5 mm. The microneedle is fabricated using
industrial HTR resin (3DKHOl). (B) (i)
Stretchable substrate with rigid microneedle and
microscope images of the microneedles with
varying printing angle in x-axes (i) 0°, (iii) 40°
and (iv) 60°.
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Table 1. Dimensions of the printed microneedle at
different angles (0°, 40° and 60° in x-axes)

Printing angle  Design  0°  40° (x-axis) 60° (x-axis)

Tip diameter (um) 0 142.1 92.8 437
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Fig. 3. (A) Tension force of the microneedle patch with
base substrates, urethane (CFY063W) resin. (B)
Ability of the stretchable substrate to regain its
original size after multiple stretches. (C) Tension-
compression cycle test on the durability of the
stretchable microneedle patch.
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DLP: Digital light-processing
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