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Abstract: Despite all the recent advances in biodegradable material-based microneedles, the bending and failure
(especially buckling) of a biodegradable microneedle during skin tissue insertion remains a major technical hurdle
for its large-scale commercialization. A reduction in skin tissue puncture force during microneedle insertion
remains an essential issue in successfully developing a biodegradable microneedle. Here, we consider uniaxial
and equibiaxial prestrains applied to a skin tissue as mechanophysical stimuli that can reduce the skin tissue
puncture force, and investigate the effect of prestrain on the changes in skin tissue puncture force. For a porcine
skin tissue similar to that of humans, the skin tissue puncture force of a flat-end microneedle is measured with
a z-axis stage equipped with a load cell, which provides a force-time curve during microneedle insertion. The
findings of this study lead to a quantitative characterization of the relationship between prestrain and the skin
tissue puncture force.
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Skin tissue
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Fig. 1 Microneedles and holding fixtures. (a) SEM
images of the flat-end microneedles having
different tip diameters of 60, 100, 120, and 140
(m, (b) Uniaxial holding fixture for porcine
skin tissue before (left) and after (right)
prestrain, (c¢) Equibiaxial holding fixture I
before (left) and after (right) prestrain, and (d)
Equibiaxial holding fixture II for pushing down
the hollow beams with different heights of 0.4
to 2.0 mm to the skin tissue
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uniaxial prestrain and microneedle insertion

velocity for 100 gm-diameter microneedle
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Fig. 7 Skin tissue puncture force as a function of
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