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Current Prostate Brachytherapy Procedure

Needle Brachytherapy

B Prostate
- Minimally invasive y A\ i @ond
- Places radiaoactive seeds ;

Limitations
- No quantitative feed-back
- Needle rigid; unable to steer

Novel Steerable Smart Needle

Design of Smart Needle

- Nitinol wires act as actuators to bend needle [1,2]

- The wires shrink by ~5% when resistively heated
Nitinol Wires Sleeve Tip

Advantages
- Can be steered to avoid critical organs [1]
- Improves placement accuracy with sensory feedback
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Tissue-needle Interaction Mechanics of Steerable Smart Needles
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Prediction Model of Smart Needle in Tissue

Energy-based Method: Rayleigh-Ritz approach as in [3]

7 = Evette + Eissie = Wopuire = Woacion = Wactation

Encedie, Etissue: Strain energy stored in needle and tissue
Wiuptures Wreaction, Wactuator: Work done by forces on needle
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Validated With Needle Insertion Experiment

Factuator

- Actuated with magnetic forces to simplify model and exp.

- Needle (piano wire, 0.51 mm @, 30° bevel) in plastisol
gel Linear stage ¥ ; .
-l Guide'block

Plastisol Bevel-tipped needle

Needle-tip deflections (in mm)
- Passive: 5.5% (27.0 vs. 28.5); Active: 11.6% (22.4 vs. 19.8)
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Conclusions

- Actuation forces can control needle deflection in tissue
- Energy-based method was developed for smart needle

- The model predicts needle deflection with 11.6% accuracy
- Developed model can help to improve needle design

Future Work

Prototype with Nitinol wire
- Preliminary tests in both air and plastisol bent the needle
- Need to correlate actuation forces and needle deflection
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