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4 Introduction \

[ Needles are commonly utilized for minimally invasive intravascular or organ access to extract fluids or tissue samples for diagnosis delivery of drugs or placement of radioactive seeds for
treatment,

I The understanding of tissue cutting mechanics enables better design, ‘I'his rescarch lays the foundation for developments of biomedical device and improvements of healtheare procedures.

L Mathematical models 1o calculate the inclination and rake angles of the cutting edge of needles will be introduced.

[0 The relationship between the needle’s tip geometry and insertion foree was cstablished

\ L] The cutling edge of the lancet needle can be optimally designed to minimize insertion force or bevel length.
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Needle Cutting Edge Geometry Needle insertion force
» NLP » The Slice/Push Ratio(k)
The needle with lancet point. having three planes at the tip to generate a sharp lancet point, 1s the e The slicing motion signilicantly reduces the forces required to initiate cutting
most common needle tip geometry. e The initial cutting forces depend on the slice/push ratio.

e The eftect of k 1s nonlinear.
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e 2—0" ,which is the worst cutting configuration for needle tissue cutting. Increasing 2. at this " b B e, s o L
point by grinding a sharp lancet point or using the multi-plane needle can improve tissue R ™ e i dilalo . s
cuttine efficiency Specific force 1 (72, o) model based on Made cnifing resulis Standard deviation of the specific force
& 5" A 3rd-order multivariable (7. and a) best fit polynomial of the data from the blade cutting results:
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In section 2 and 3, 1 e High % could lower the needle insertion force.
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In section 2 and 3. e A large rake angle yields smaller Eﬂttl!lg ft:_lrces (sharp and easier to cut). while a small or
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» Oblique cutting flow angle for tissue

e Differs from Stabler’s rule.

o In soft tissue cutting, the overall needle geometry, which includes both inclination and rake
angles, rather than only the inclination angle, dictates the tissue flow direction that is along

® ® the needle face and in the plance of the needle direction.
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/ Application——0Optimal lancet needle desigh and manufacturing
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® Lower insertion force generates less tissue deformation and needle deflection % 04 =y P il L
® short bevel length is preferred especially in procedures for vessel access. 2 - 1330 | 2879 | o0se | 089 5.6%
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