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1. Diabetes, where time is critical for corrective interventions

Wolkowicz et al., 
Bioeng Transl 
Med. 2021

Inherent body compensation is not enough Modern approaches for glycemic management 

Diabetes is a chronic life-threatening disease
• 120 million (more than half of the U.S. adult population) 

suffers from diabetes. 
• Every 17 seconds, an American is diagnosed with 

diabetes.
• Higher risk of blindness, kidney failure, heart disease, 

stroke, and 60% higher chance of early death.

Hybrid closed-loop:
Sensing  + therapy

Perkins et al., Science, 2021.

Ex. Continuous Glucose Measurements (CGM)
• Expensive sensing and infusion set
• Single analyte detection (glucose)
• Limited lifetimeGoogle image

2. Theory of microneedles for an optimized response time - limit of detection

Conclusions Future works

Yadav et al.,Pharmaceutics, 2020.
Highly personalized numerical

simulations are limited

A theoretical physics-based framework is missing!

3. Hollow microneedles have limitations 4. Porous microneedles perform better, but…

▪ Biology concepts

▪ Circuitry analogies

▪ Balance Equations
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Bio-electro inspirations

Turner et al., Macromol. Biosci. 2021
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modeling Theory of response time
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Theory of limit of detection (LOD)

Numerical validation: time vs LOD

▪ For a minimized delay, thin patches with maximized apertures
and short microneedles should be designed. 

▪ Yet, there exists an intrinsic trade-off between response time 
and extracted analyte concentration, degrading LOD

Porous and swellable microneedles enhance the absorption

Google image, A. Bejan et al., Wiley-Interscience, 2003

Heat-transfer inspiration
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▪ Porous microneedles can achieve an enhanced performance 
of  2-6x compared to hollow microneedles.

▪ Yet, mechanics of insertion due to poorer Young modulus 
degrades the benefits of this technology.

Yet, they suffer from a slow response time

Courtesy of collaborators

10 minutes delay!
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Mechanics of insertion limits sensor enhancement
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▪ Without a theoretical framework, design and optimization of microneedle-based 
patches rely on iterative costly approaches. 

▪ A physics-guided model is necessary for appropriate interpretation of experimental 
trends and systematic optimization of devices.

▪ Here, we quantify the sensor performance (response time, limit of detection) against 
geometry and composition of the MN-patch.

▪ Porous microneedles outperform hollow microneedles in terms of enhanced flux; yet 
mechanical requirements limit the improvement.

▪ For an optimized design, response time must be weighted against mechanical
requirements and bioinflammation tests.

The comprehensive goal is to provide a theoretical 
framework for prediction, design and optimization of 
wearable and implantable device for a real-time monitoring 
and on-demand sensing.
▪ The individual building blocks (sensing, controller, 

therapy) should be optimized
▪ Definition of a new set of performance metrics is 

required for technology comparison
▪ Additional challenges due to biofouling deposition 

degrade the time dependent sensor operation, leading to 
device failure. How can we deal with it?
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Heikenfeld et al. Nat Biotechnol, 2019

Sensing, Controller and therapy for a closed loop! Microneedles (MN) for ISF sensing

▪ ISF vs blood 
correlation

▪ Minimally invasive
▪ Comfortability
▪ Self-administration
▪ Biosafety
▪ Cheap

Ribet et al.,, Adv. Healthcare Mater. 2023
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