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Abstract: Chitosan hydrogel with excellent degradability and biocompatibility has become an important
material for constructing flexible strain sensors. Flexible strain sensors based on chitosan conductive
hydrogels have superb environmental adaptability and are widely used in biomedical fields such as health
monitoring and implantable devices. The preparation method and conductive mechanism of chitosan-based
conductive hydrogels were reviewed. The current status of chitosan-based conductive hydrogels in low
temperature resistant, self-repairing, and self-adhesive functional flexible strain sensors was summarized.
Finally, it is pointed out that the optimization of the preparation process, the application of new materials,
and the use of artificial intelligence are the key research directions for the future of chitosan-based
conductive hydrogels for flexible strain sensors, aiming to provide theoretical foundations and practical
guidance for the further development of multifunctional applications of flexible strain sensors.
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Fig. 1 Functional properties of chitosan conductive hydrogel-based flexible strain sensors
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Table 1

Strategies for the preparation of chitosan conductive hydrogels

Preparation method Advantage

Limitation

Chemical Conjugation reaction
crosslinking
Radical polymerization
controllability
Enzymatic method
environmentally friendly
Physical Freeze-thaw method
crosslinking

Electrostatic interaction

applications, high efficiency

Hydrogen bonding interaction

Hydrophilic interaction

structure modulation

Efficiency, specificity, stability

Simple operation, efficient preparation,

Mild reaction conditions, biocompatible,

Easy to operate, controllable, low cost

Highly controllable, wide range of

Stable, no catalyst required, biocompatible

Hydrophobicity, biocompatibility ,

Complex reaction conditions, generation of impurities ,
limited selectivity

Degree of polymerization is not easy to control,
generating free radical by-products, high cost

Reaction is slow and the enzyme is unstable

Structural instability, uneven size and distribution of
hydrogel pores, not suitable for all materials

Poor stability and high demands on raw material
properties

Slow reaction speeds, difficult structural control,
limited range of applications

Affects water absorption, reduces bioactivity and

degradability, complex preparation
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Table 2 Summary of chitosan conductive hydrogels

Hydrogel Conductive method ~ Conductive filler Conductivity/(S*m ')  Reference
PAA/GO-Fe®" /CS hydrogel Tonic Fe’",Na" and C1~ 13.8 [66]
DHB-Fe/CS/PAA hydrogel Tonic Anionic and cationic Fe*" coordinated 0.24 [67]
HPAAmM/CS-c-MWCNT hydrogel Electronic c-MWCNT ~0.85 [68]
PAM/CMCS-g-PANI/Ag DN hydrogel Electronic Polyaniline 0.045 [69]
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Table 3 Summary of chitosan conductive hydrogel-based flexible strain sensors

Hydrogel Conductive filler GF

Advantage Reference

Chitosan-poly (acrylic acid-co- Fe,(SO,),
acrylamide) double network hydrogel

CS-P(AM-co-AA) DN hydrogel FeCly

PAA@CS-AI1/Gly hydrogel AICI, 0%-100% ,GF=1.48;
100%-300% , GF=2.72;
300%-700% GF=4. 63

ACBt-PAA/CMCs hydrogel ACBt

OPPC hydrogel CNTs

HC-KG hydrogel KCl —20°C,GF=64.37

PAM@CS/TA-Fe hydrogel FeCl,-6H,0

P(AMPS/AAm)-CS hydrogel KPS GF=7.08

400% ,GF=6.6;—20C,
280% ,GF=3.9

Compressibility(98% ) , excellent anti-fatigue [73]
performance and low temperature resistance

Prominent tensile performance, supercompressibility, [74]
extraordinary elasticity, fast self-recovery capacity,
remarkable fatigue resistance (1000 cycles) and low
temperature resistance

Exhibited excellent mechanical properties, good [75]
fatigue resistance, excellent adhesion performance,
stable conductivity and high sensitivity

Excellent conductivity, self-healing, and [77]
antibacterial properties

Rapid self-healing, good adhesion to tissue, stable [ 78]
electrical conductivity, cytocompatibility,

antibacterial activity and certain tensile properties

Excellent mechanical property, low water loss, and  [79]
freeze-tolerance

Good sensing performance , excellent adhesion [80]
performance and good self-healing property

Adhesion (the peel strength reaches 798 N/m) , [81]
mechanical property (the breaking strength and

strain can reach 111 kPa and 2839% ) and electrical
conductivity (conductivity up to 0. 0848 S/cm)
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