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Physical Mechanism and Tissue Acquisition Principle Analysis of Combined Application of Ultrasonic-Guided Coaxial Biopsy Needles and

Semi-Automated Biopsy Needles
Chi Yue Sun Chengzhe
( Department of Electrical Diagnosis, Jilin Chemical Hospital 132021 )

[Abstract] The combined application of ultrasonic-guided coaxial biopsy needles and semi-automatic biopsy needles achieves separation and

synergy between guidance and sampling functions at the physical level. From the perspective of interventional ultrasound
physics, this study systematically analyzes the acoustic, mechanical, and materials coupling mechanisms of this integrated
system. First, the physical foundations of ultrasound guidance are elucidated, including sound wave attenuation, beam angle
dependence, and acoustic enhancement design principles for needles. Subsequently, the trajectory establishment mechanism of
coaxial biopsy needles (geometric mechanics of coaxial nesting, multi-track damage control, and puncture deviation
suppression) and the cutting physics of semi-automatic biopsy needles (spring energy storage dynamics, friction locking effect
of nested cutting tubes, and high-speed strain rate behavior) are discussed separately. Special emphasis is placed on the dual
physical coupling effects generated by the combination: constraint on kinetic energy transfer through needle gap matching,
acoustic reconstruction in hollow tunnels, redistribution of tissue stress fields from point stress to surface stress, as well as

potential adverse effects such as cavitation and acoustic shadow masking. This study provides a theoretical framework for

understanding the physical essence of this puncture technique.
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