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Insertion Force of Mosquito Fascicle Penetrating into Human Skin
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Abstract A mosquito uses a natural "microneedle" system called fascicle, with a large ratio of the length to the diameter and high
flexibility and strength, to painlessly penetrate into human skin and suck blood. The strength of natural "microneedle" system has never
problem in the penetrating process. A set of force measurement device with high precision of micro-Newton is designed to measure the
insertion force to understand the penetrating process of mosquito fascicle into human skin. The measured results show that the
penetrating force of mosquito fascicle into skin is approximately 16uN. In addition, it has also been found that after the mosquito fascicle
tip penetrates into the surface of skin, the force of the mosquito’s fascicle penetrating deeper into the skin will decrease as the insertion
depth increase, and then levels out at a surprisingly low mean force (even almost be zero). While the insertion force of an artificial needle
is 165mN, the force of the artificial needle penetrating deeper into the skin will continue to increase. The study on the insertion
mechanism of the mosquito fascicle shows that the mosquito’s micronano—structure fascicle and its amazing oscillation inserting skill
make it easily penetrate into human skin with a surprising low force. The results are helpful for the optimum design of the microneedles
and transdermal drug delivery system.
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Schematic of the insertion force measuring

Fig. 1
device of the mosquito fascicle
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Fig. 2 Micronano-structure of the tip of labrum and maxilla
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Fig. 3 Representative measurement of the fascicle force

during mosquito penetrating into human skin
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Fig. 4 Histogram of the insertion force of the
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mosquito fascicle
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Fig. 5 Representative measurement of the artificial
needle force during needle displacement
and insertion into human skin
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Fig. 6 Synchronize observation of the state of the
fascicle during the inserting process of
mosquito by a high—speed video camera
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