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Abstract: Pediatric skull defect is a major clinical challenge in pediatric neurosurgery. Traditional rigid repair
materials such as titanium mesh and polyetheretherketone (PEEK) cannot accommodate the growth and
developmental needs of the pediatric skull, leading to a secondary surgery rate as high as 38%, which imposes

heavy physical, psychological, and economic burdens on affected children and their families. In recent years,
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the emergence of 4D technology in biomedical engineering has provided a novel solution to this problem. This
article focuses on the application research of growth-adaptive 4D intelligent stents in pediatric skull defect
repair, systematically elaborating the research background, material selection, technical principles, and core
advantages of this technology. It highlights the innovative repair strategy using polycaprolactone (PCL) as the
main material and fibrin glue as the fixation material, which achieves personalized customization and growth-
adaptive functionality through the technology chain of “image modeling — intelligent printing — dynamic
adaptation”. With its degradability, dynamic adaptability, excellent biocompatibility, and significant cost-
effectiveness, the growth-adaptive 4D intelligent stent is expected to fundamentally address the core challenges

in the field of pediatric skull defect repair and promote the inclusive development of precision pediatric medicine.
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