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Abstract : Hydrogels are a type of advanced polymer material with potential applications in multiple fields. However, tradi-
tional hydrogel preparation techniques overly rely on mold forming processes, which leads to limitations such as non-uniform local
crosslinking, difficulty in regulating the crosslinking density within the hydrogel network, and the size and shape being restricted by
the mold design. These limitations have restricted their application in many fields. In this regard, 3D printing technology, through a
layer-by-layer digital forming strategy, has broken through the limitations of hydrogel preparation. The preparation strategies and
research progress of functional and intelligent polymer hydrogels by 3D printing were systematically reviewed. The functional regu-
lation strategies and applications of functional hydrogels based on conductive, flame-retardant, and antibacterial properties, as well
as intelligent hydrogels responsive to temperature, light, and pH were elaborated. The technological innovations and breakthroughs
of 3D printing in the preparation of functional and intelligent polymer hydrogels were summarized. It was pointed out that future
research should focus on the design of multi-mode stimulus response mechanisms, high-precision manufacturing and green sustain-
able development of hydrogels to promote their innovative development in frontier fields such as personalized medicine, soft robots
and next-generation intelligent devices, and to inject innovative impetus into the sustainable development of human society.
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