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Abstract

Isometric contraction has emerged as an important loading strategy in the management of tendinopa-
thy, owing to its rapid analgesic effect and favorable tolerability. This review systematically sum-
marizes the research progress on its underlying mechanisms across three dimensions: central and
peripheral mechanisms of pain modulation, mechanical signaling and tendon adaptation, and cen-
tral adaptation with load redistribution. At the central and peripheral level, isometric contraction
exerts analgesic effects by downregulating corticospinal inhibition and activating the diffuse nox-
ious inhibitory control system, while improving the peripheral nociceptive microenvironment and
interrupting the vicious cycle of neurovascular ingrowth. At the mechanical signaling level, sustained
tension drives ERK/Akt-mediated anabolic pathways through differential cellular responses, pro-
moting type I collagen synthesis and restoration of tendon stiffness. At the central adaptation level,
isometric training induces beneficial corticomotor reorganization, optimizes muscle activation pat-
terns, and facilitates load redistribution away from the pathological tendon region. This review fur-
ther analyzes existing controversies, including the site-specificity of analgesia, the non-specificity
of long-term outcomes, the unclear dose-response relationship, and the fragmented mechanistic
chain, and proposes future research directions, with the aim of providing theoretical support for pre-
cision mechanotherapy in tendinopathy rehabilitation.
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