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Research Progress on Hydrogel-based Biosensing Devices
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Abstract: Flexible biosensing devices have attracted considerable interest in health monitoring and
human-machine interaction because of their portability, lightweight design, and skin-conformable
nature. However, the mechanical mismatch and biocompatibility limitations of conventional electronic
materials remain critical barriers to their stable operation in physiological environments. Hydrogels,
which combine high water content, tunable mechanical properties, and excellent biocompatibility, offer
a promising material platform for addressing these challenges. Conductive hydrogels have emerged as a
representative material system for flexible biosensing devices. This review summarizes recent advances in
hydrogel-based flexible biosensing devices, covering the structural design and functionalization strategies
of electronically and ionically conductive hydrogels and their applications in motion detection, medical
diagnostics, and electronic skin applications. Finally, we identify the current challenges related to long-
term material stability, signal reliability in complex biological environments, and scalable fabrication, and
outline promising directions for future research.
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Figure 1 (a) Schematic diagram depicting the fabrication process and network architecture of the PNAGA/Ag NPs hydrogel;
(b) Real-time relative resistance changes of the hydrogel sensor during underwater finger bending motions; (c) Corresponding

meanings of the Morse code; (d—f) Signal curves corresponding to the words “SOS”, “HELP” and “STOP”; (g) Classification
confusion matrix for the 26 English letters (Reprinted with permission from Ref. [16]; Copyright (2025) Elsevier)
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Figure 2 (a) Preparation process and interaction mechanism of PAD-CNT hydrogel network; (b) Schematic diagram of swelling and
stretching of PAD-CNT hydrogel; (c) Comparison of water-to-solid ratios among different hydrogels; (d) Swelling-responsive switch
of the PAD-CNT hydrogel; (e) Resistance variations of the PAD-CNT hydrogel during cyclic compression; (f) Resistance changes of
the PAD-CNT hydrogel under different degrees of torsion. (Reprinted with permission from Ref.[20]; Copyright (2024) Elsevier)
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Figure 3 (a) Preparation procedure of the TA@HAP NWS-PVA (EG/W) hydrogel network; Demonstration of strain-sensing
functionality based on the TA@HAP NWS-PVA (EG/W) hydrogel at various body locations, showing detection of (b) finger joints;
(c) elbow; (d) knee; (e) mouth at various bending angles (Reprinted with permission from Ref. [25]; Copyright (2020) Wiley)
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Figure 4 (a) Synthesis procedure for constructing the LMPP hydrogel network; Monitoring of human motions via relative
resistance changes of the LMPP hydrogel: (b, c) finger bending; (d) frowning; (e) smiling; (f) elbow bending; (g) wrist bending;
(h) neck bending; (i) knee bending. (Reprinted with permission from Ref. [46]; Copyright (2024) Elsevier)
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