The Emergence of Microneedle-based Smart Sensor/Drug-Delivery Patches:
A Scaling Theory Defines the Trade-off between Response Time and Limits of Detection
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2. Theory of microneedles for an optimized response time - limit of detection

Inherent body compensation is not enough : » Sensing, Controller and therapy for a closed loop! '; Microneedles (MN) for ISF sensing Yet, they suffer from a slow response time
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Figure 3. Pressure distribution along dual radii MN array (adopted from [79]). :
Highly personalized numerical

https://spectrum.ieee.org/artificial-pancreas-could-conquer-diabetes simulations are limited
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3. Hollow microneedles have limitations Y = | Continuous? 4. Porous microneedles perform better, but...
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Turner et al,, Macromol. Biosci. 2021 _ For a minimized delay, thin patches with maximized apertures
= Balance Equations

cosh(ry) + %rgrh - sinh(ry)

Porous microneedles can achieve an enhanced performance
and short microneedles should be designed. n of 2-6x compared to hollow microneedles.

Iez i . Yet, there exists an intrinsic trade-off between response time Iy = sTT Yet, mechanics of insertion due to poorer Young modulus
€= | G(D) - 1, and extracted analyte concentration, degrading LOD : T}f degrades the benefits of this technology.
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