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Abstract

As a key member of the innate immune system, macrophages play an irreplaceable role in main-
taining tissue homeostasis, facilitating injury repair, and regulating inflammation. In recent years,
with the interdisciplinary integration of biomechanics and immunology, the regulation of macro-
phage functions by mechanical forces has emerged as a burgeoning research direction in the treat-
ment of orthopedic diseases. This article systematically reviews the molecular mechanisms through
which mechanical forces (including fluid shear stress, tensile stress, and compressive force, among
others) influence bone injury repair by regulating macrophage polarization, migration, and phago-
cytic functions, with a focus on exploring their translational applications in the treatment of osteo-
arthritis, fracture healing, and bone tumors. Studies have demonstrated that moderate mechanical
stimulation can promote the polarization of macrophages toward the anti-inflammatory M2 pheno-
type, enhancing their tissue repair capabilities; conversely, abnormal mechanical loading may lead
to excessive activation of pro-inflammatory M1 macrophages, exacerbating tissue damage. Novel
therapeutic strategies based on the “mechanics-immunity-regeneration” axis, such as mechano-im-
munomodulatory materials and drug therapies targeting macrophage mechanosensitive channels,
offer entirely new perspectives for the precise intervention of orthopedic diseases. A profound un-
derstanding of the interaction mechanisms between mechanical forces and macrophages will drive
a paradigm shift in orthopedic treatment from mere mechanical fixation or drug intervention to
multimodal synergistic therapy.
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