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Statement of Relevance:

Pelvic Osteolysis is a protean disease with a variety of etiologies, principally including metastatic processes and instrumentation debris. The complexity and deep anatomic location of these lesions have limited the availability of surgical options to date. Traditional surgical approaches have involved large skin incisions with wide exposure and large bony defects, compromising the ability of these tissues to heal post-operatively. 

This is an ideal setting for the invocation of minimally invasive technologies. By enabling surgeons to adequately evacuate and fill these lesions through small bony defects, we hope to substantially improve patient outcome. 

Initially we will focus on lesions of the retro-acetabular pelvis. Osteolysis in the acetabular region of pelvis frequently results as a complication of arthroplasty. This is thought to be a consequence of cortical penetration by polyethylene debris particles from acetabular cup components of the instrumentation.  This project proposes a system integrating preoperative image planning, intra-operative registration and tracking, and robotic approach to the lesion.  Excavation and filling of the osteolytic process is also a critical component of the total solution.  

Deliverables:

Minimal: 

1. Pre-Op Pelvic Modeling and Trajectory Planning Software

2. Intra-Operative Pelvis Registration and Tracking Software/Hardware

3. Robotically Controlled Drill Guide with Trackable Drill

4. 1.0 – 1.5 cm diameter manually introduced cannula with retractable spear-tip

5. Passive cannula holder

Expected:


3a.
Robotically Inserted Cannula with Robot-Cannula Interface

Maximal: 

1b.
Pre-Op GUI-Based Trajectory Planning Software


6.
Methods and Instruments for lesion visualization, excavation and filling.  

7. Real-Time pelvic motion tracking and compensatory cannula position control. 

Technical Summary:
The proposed plan divides into the following subtasks.  Each of these subtasks can be approached and executed in a variety of ways.  Given this preface, the alternatives offered are not necessarily optimal.  In achieving the primary deliverables, this project will seek to first develop a skeletal solution to this problem by importing direct and unsophisticated software and hardware to the extent possible. We will further refine this solution by invoking the active involvement of clinicians with the hope of realizing a sophisticated and complete solution to the problem of Pelvic Osteolysis. 

Image Planning
This subtask has two major components, imaging and path planning.  For later registration purposes, the pelvis will be equipped with radio opaque fiduciary markings.  

The first component of the planning stage requires CT imaging of the pelvis with fiducials.  This image will then be segmented and reconstructed as a three-dimensional model for viewing and path planning.  The second component presents a graphical interface to the surgeon, where he/she will orient the rendered pelvis in space, and define a cannula trajectory for intra-operative execution. 

Registration and Tracking

In the operating room, registration of the patient pelvis to the CT model is a necessity.  Three options have been discussed for the registration and tracking. 

The first option involves the use of a magnetic tracking system. This registration and tracking modality requires placement of magnetic strips into the pelvis before CT scan. The pelvis can thus be registered and tracked in real-time intra-operatively. This solution is not optimal for the orthopedic operating room since the accuracy of electromagnetic tracking may be compromised by the abundance of metal in the surgical workspace.

The second model is more realistic, but slightly less practical.  The surgeon may choose to fluoroscopically image the pelvis at short periodic intervals.  These images would then be registered to the CT model, and frames computed for the robot’s destination.  This approach introduces the surgeon and patient to high levels of radiation, and could be computationally limited.  

The third model incorporates initial fluoroscopic registration and continuous optical tracking.  The pelvis will be fluoroscopically imaged and registered to the CT model at the beginning of the case.  Then, throughout the case, rigid body tracking by Polaris or Optotrack will provide the necessary information for frame adjustments with minimal computation.  This model seems most realistic and practical for preliminary experimental purposes. 

Approach and Access

The major advantages of robotic assisted surgery for this application include minimal invasiveness, accurate targeting, steady approach, and stable holding of the cannula.  The choice of robot platform proves essential.

The steady hand robot presents one possible technology given the delicacy of anatomical vasculature enveloping the cortex.  However, physical dimensions and excessive forces at the surgical site may limit the steady hand’s utility in this application. 

The Neuromate stereotactic robot offers a large workspace, stability, and mobility.  For these reasons, it may be a more useful platform given the scale, position, and orientation of the surgical site. Moreover, the more flexible licensing constraints that have been obtained for the Neuromate would allow us to implement our solution in the most expeditious fashion. 

The intermediate soft tissue structures between the skin and pelvis, and the need for cortical penetration both introduce challenges for cannula design.  The tip of the cannula will be designed for appropriate tissue penetration and approach to cortex; one possibility includes using a retractable spear-head at the tip of the cannula.  The proposed entry motion is a damped gyration with slow, controlled advance, minimizing tissue damage.  

Excavation

The excavation of the lesion relates other important issues, including the internal design of the cannula and the end-effector(s).  The proposed cannula would contain one primary working channel with two or more additional circumferential channels for endoscopic visualization, irrigation and suction.  The excavation instruments are also being developed, and ideas include tool-tips for whisking and burring.   

Key Dates


2/22 
Project Proposal Submission


2/23
Meeting with Andy, Jianhua, Rajesh for Registration Strategy Planning


2/23
Meeting with Adam for Polaris Planning


2/25
Completion of Pelvis Preparation and Mounting


2/26-2/30
CT-scan of pelvis


4/2
Completion of Registration Software


4/16
Completion of Cannula Design and Implementation


4/16
Completion of Robot Control Software


4/16-5/11
System Integration


5/11
Final Presentation

Dependencies


CT access 

Experimental apparatus

Fluoroscopy access

Polaris Optical Tracking System

Neuromate Robot

Machine Shop Access
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