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Ablation mechanism of laser-induced cavitation non-spherical
bubble collapsing micro-jet under the constraint of the bone wall
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Laser-induced liquid micro-jet technology is a medical method that uses lasers to induce
cavitation bubbles used to generate micro-jets to ablate target tissue with the merits of low
thermal damage and high precision. However, a laser-induced cavitation bubble is not-free
standing but rather is confined in one direction by the bone wall. Therefore, the assumption of
a non-spherical shape has a better fit for a cavitation bubble according to real clinical
circumstances. Therefore, this paper explores the statistical parameters such as bubble radius
and bubble wall velocity based on different dimensionless distances, the dynamics of a
laser-induced non-spherical bubble collapsing micro-jet vector as well as its scaling
relationship with the output tissue ablation are described. Results show that the velocities of
the micro-jets with normalized stand-off distances (y) from 0.1 to 0.7 are determined in the
range of 24-35 m/s, while the corresponding micro-jet impact strength on the bone tissue is
about 85.2-123.5 MPa, the corresponding crater depths are in the range of 260-1020 um with
a diameter-to-depth ratio of 0.7 to 1.9. The crater depth and diameter are positively dependent
on the micro-jet velocity and diameter, and the micro-jet vector can be effectively adjusted via
the control of y. The study on the mechanism of laser-induced cavitation non-spherical bubble
collapsing micro-jet ablation of bone tissue, providing theoretical basis and technical support
for the application of laser-induced micro-jet ablation of biological hard tissue. This work was
supported by Beijing Natural Science Foundation (3214041), Scientific Research Key
Program of Beijing Municipal Commission of Education (KZ202110005012) and National
Natural Science Foundation of China (51975017).
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