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Fig. 1 Schematic illustration of Silk I and Silk I

structures of silk fibroin'®
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Research progress in the construction and biomedical applications
of silk fibroin-based biomaterials

Chen Yongmei, Li Pengcheng
College of Bioresources Chemical and Materials Engineering ,Shaanxi University of Science & Technology,Xi’ an 710021, China

Abstract: Silk fibroin exhibits excellent biocompatibility, biodegradability, and processability, and its structure
and properties can be tailored through conformational regulation, chemical modification, and composite design.
However, silk fibroin materials alone still have certain limitations in matching mechanical properties with applica-
tion requirements, regulating degradation behavior, and achieving functional integration. This review summarizes
recent advances in the purification and modification of silk fibroin, the construction of silk fibroin-based materials
ranging from zero-dimensional nanoparticles to four-dimensional dynamic structural materials, and their biomedical
applications, focusing particularly on wound dressings, drug delivery, tissue engineering, and biosensing. Regula-
ting B-sheet structures, crosslinking, and functionalized composite strategies can improve the structural stability,
mechanical properties, degradation behavior, and biological functions of silk fibroin-based biomaterials. Silk fibro-
in-based nanoparticles, nanofibers, films, hydrogels, and porous scaffolds have shown promising potential in con-
trolled drug delivery, wound repair, tissue regeneration, and flexible bioelectronics. Nevertheless, challenges
remain in the precise matching of material properties with application requirements, scalable fabrication and batch-
to-batch consistency, the biocompatibility and multicomponent construction of four-dimensional bioprinting, and
multifunctional integration in biosensors. Future research should focus on the development of stimuli-responsive
materials and four-dimensional bioprinting technologies, the strengthening of the integration of silk fibroin with
functional materials, and the synergistic integration of sensing, drug delivery, and tissue repair functions, thereby
advancing silk fibroin-based biomaterials toward personalized tissue engineering, intelligent drug delivery, and inte-
grated diagnostic and therapeutic applications.

Key words:silk fibroin ;biomaterials ; drug delivery ;tissue engineering ; biosensing
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