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Mechanisms and current applications of mechanical forces

in cranial bone defect repair
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Abstract Cranial bone defect repair remains a significant challenge in craniomaxillofacial surgery, particularly

when defects exceed the critical size defect (CSD) threshold, rendering them incapable of spontaneous healing

without external intervention. Mechanical forces—including compression, tension, and shear stress—play a piv-
otal role in cranial development and regeneration. These forces regulate osteoblast differentiation and bone regen-
eration by activating key mechanotransduction pathways, such as the Wnt/B-catenin signaling pathway, the piezo-
electric mechanosensitive ion channel Piezol, and the transcriptional co-activators Yes-associated protein (Yes-
Associated Protein, YAP) and Transcriptional co-activator with PDZ-binding motif (Transcriptional co-activator
with PDZ-binding motif, TAZ). Distinct types of mechanical forces exert specific effects on cellular behavior and
the microenvironment. Clinically, applications such as Negative Pressure Wound Therapy (NPWT) have demon-
strated efficacy in promoting angiogenesis-osteogenesis coupling, while tensile forces stimulate the dura mater to se-
crete osteogenic factors. Preliminary studies using artificial periosteum and other biomaterials have further vali-
dated that appropriate mechanical stimulation enhances bone repair. This review summarizes the effects of various
mechanical forces and their associated signaling pathways on osteoblasts and their microenvironment, alongside an
overview of current technological applications in this field.

Key words mechanical force; skull defect; bone regeneration; negative pressure; fluid shear stress
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