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Research status of modeling technology for needle insertion into soft tissue
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Clean Mechanical Manufacture, Ministry of Education, Shandong University, Ji'nan 250061, China

Abstract: Needle insertion into soft tissue has increasing application demand in clinic medicine. However, the insertion
errors due to needle- tissue interaction and tissue complexity may affect the operation quality. In the paper, the current
research status of modeling technology for needle insertion into soft tissue was introduced from two aspects, needle
insertion forces and needle insertion errors. All the researches showed that the axial force of a needle during insertion is the
composition of different forces, such as stiffness force, frictional force and cutting force. Needle insertion errors were
mainly caused by needle deflection and tissue deformation. Currently, various mathematical and finite element models of
the insertion process were put forward to improve the accuracy of insertion by predicting the insertion forces and errors, and
optimizing the needle design and insertion techniques. The insertion techniques developed based on current models were

briefly reviewed in the paper, providing references for the research and application of soft tissue insertion.
Key words: needle insertion; insertion modeling; insertion force; needle deflection; tissue deformation; review
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Fig.1 Insertion force changing with time during needle insertion

into liver
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Fig.2 Locations of tissue surface and needle at different stages of

needle insertion
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Fig.3 Force in needle insertion model and two insertion experiments
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Fig.5 Simulated target point offset during needle insertion into soft tissue
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Fig.6 Simulation of needle insertion based on two—dimensional ultrasound image of brachytherapy for prostate
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