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Abstract 

Hollow microneedles (HMNs) are minimally invasive needle-like microfeatures usually arranged in 

arrays designed to by-pass the external skin layer for the delivery of drugs or the collection of body 

fluid. In a recent work, we demonstrated a novel methodology to mass produce hollow polymer 

microneedles at a low cost. This production technique utilises a femtosecond laser with a cross-

hatching strategy and a laser-free zone to create needle-shaped micro-cavities, which are afterwards 

replicated using polymer injection moulding. The laser-free zone ensures that some material remains 

in the cavity to create the lumen inside the replicated needles. The design of the laser-free zone has a 

major influence on the needle geometry, as its position and shape does not only define the shape of 

the lumen, but also the shape of the needle, i.e. the needle length, wall thickness, tip radius and ridge 

height. In this work, the influence of the geometry of the laser-free zone on the geometry of the 

replicated needles is investigated. This is done by designing 6 microneedle cavities with different 

geometries or dimensions of the laser-free zone, as illustrated in Figure 1. The geometries of the 

obtained microneedle cavities are assessed and compared using µCT images. Additionally, hollow 

microneedles are replicated and measured, and the influence of the injection moulding process is 

discussed. This work provides a better understanding of the effect of the design of the laser-free zone 

on the needle geometry. In fact, geometrical requirements for the laser-free zone are determined to 

achieve functional HMNs with a complete lumen and an acceptable ridge height. 

 

Figure 1: Laser scanning strategies for hollow microneedles 
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