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Abstract:
Robotic systems for medical interventions have great potential for enhancing patient care because of their ability to couple
information to precisely controlled action in the operating room or interventional suite. However, the use of medical robots
(and minimally invasive procedures in general) introduces additional risks by moving the clinician far away from the actual
site of the instrument-tissue interaction, which is often located deep within the body. We propose that soft tissue injury
during robot-assisted medical interventions can be minimized by predicting the mechanical forces and deformations acting
at the instrument/tissue interface and applying this information to control the robot appropriately and/or provide feedback to
the human operator. This talk will explore two robotic intervention scenarios: teleoperated robot-assisted minimally invasive
surgery (RMIS) and needle steering. For RMIS, we describe a real-time tissue property estimation technique that allows
an operator to detect hard lumps in soft tissue. The acquired information can be used to present graphical displays, direct
haptic feedback, or provide virtual fixtures to guide the operator. For needle steering, we evaluate various mechanisms of
soft tissue damage produced as needles with asymmetric tips are inserted and rotated inside the body. Through histological
studies with ex vivo and in vivo tissue, we find that potential damage mechanisms include: cutting of the tissue by the sharp
needle tip, tearing of the tissue as a bent needle tip is inserted, and slicing of the tissue as the thin shaft slides along the
needle track. Our long-term goal is to understand of the mechanics of soft tissue damage as relevant to RMIS, and reduce
the occurrence of surgical complications from new medical robotic techniques.

This work was performed in collaboration primarily with Tomonori Yamamoto and Steven Marra, as well as: Balazs
Vagvolgyi, Niki Abolhassani, Sung Jung, Timothy Judkins, Ann Majewicz, Tom Wedlick, Kyle Reed, Vinutha Kallem,
Ron Alterovitz, Ken Goldberg, and Noah Cowan.
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Fig. 1. Graphical overlay of estimated tissue stiffness on liver, displayed in real time during teleoperated palpation.

Fig. 2. Shape of bevel-tip needle hole in liver, captured in the configuration held while the needle is in place.


