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INTRODUCTION: 


Modern day medical technology has progressed at such an alarming rate that surgery has become commonplace in medicinal practice.  As techniques and surgical skill becomes more and more refined, the limiting factor on perfection of techniques is no longer dependent upon procedure, but rather on human abilities.


Computer integrated operating rooms are on the forefront of the new millennium.  By allowing computers to play a more integral role in procedures, the accuracy and precision of the surgery is closer to perfection.  With these two improvements there is a marked improvement in the post-operative healing time of the patient due to reduced complications caused by infection and increased quality of life in a shorter time frame.


My senior design project is one such application of computers in the operating room, planning, and execution.  There are two distinct deliverables for the pelvic osteolysis project, both of which are not dependencies upon the other.  

1.> Pre-operative registration, planning, and operative tracking with the program.

2.> Evacuation and filling of the site down a 1-centimeter canula.


My project, the evacuation and filling of the pelvic site deals primarily with the research for the materials, the design of the tools necessary for evacuation and filling, the building, testing, and evaluation of a prototype which is dependent upon my design.

GENERAL PROBLEM/BACKGROUND


A pelvic osteolysis is needed as a direct/indirect result of wear on a total hip replacement.  The acetabular cup of a total hip replacement is ultra high molecular weight polyethylene or UHMWPE.  As the implant ball and the UHMWPE acetabular cup rub against one another, wear particles are released into the system.  These minute UHMWPE wear particles causes an inflammatory reaction and eventually causes bone necrosis or bone death behind the UHMWPE cup in the pelvic bone.  The texture of the bone is best described as strawberry jam, or a material that is soft but contains fibers.


The wear particles are not removed as the bone dies but rather remain at the site and even more wear particles are released, more bone dies.  Although this condition is relatively asympotomatic and does not directly cause pain, it is important to note the high possibility of additional complications.  As the bone behind the cup gets soft, there is less and less solid pelvic bone for the cup to remain fixed in.  Long term, the structural integrity of the entire pelvis is weakened and more fragile. 


Currently this condition is completely inoperable.  The invasiveness of the technique as well as the extended healing time outweighs the benefits of the surgery to the patient.  The current method required to complete this surgery would be as invasive as the THR.  In order to access the site (5cm X 3cm X 3cm) a large entry portal comparable to the size of the site would need to be exposed to reach and verify if the site was completely devoid of necrosed bone.  In order to gain access, the entire pelvis is weaker and less able to sustain weight necessary to walk.  Even if the evacuated site was filled with a composite bone cement, the setting time and micromotion of the composite due to the open area would limit the strength of the bone cement to maintain weight.


Taking these facts into consideration, technology seems to be the limiting factor that prevents this surgery from taking place.  It is the integration of computers, which makes the procedure far less invasive and operable.

APPROACH


The original approach is dependent upon the deliverables of researching materials, creating optimal designs, prototyping of the instrument and filling, modeling and evaluation of the prototypes, and integrating them together.


The main plan of action was:

1.0 Communication


Communication is discussing the problem, the achievable deliverables, and the plan of action with the mentors, Dr. Frassica and Wenz, and advisor Dr. Taylor. 

2.0 Research

The research aspect of the plan is to determine the best materials for the tools, osteolysis, and filler.  Conceptual ideas and preliminary data derived from the research of others are also important in evaluation of both designs, material wear, and mechanical standards for the end effector design.
2.1 Tool

2.2 Osteolysis
2.3 Filler
3.0 Optimal Design


Design is the longest and one of the most important aspects of the plan.  In the end, it was the time absorbing simply because my project was very material dependent.  The research from 2.0 was utilized in the development of design, particularly the weight loading, wear dynamics, and the force generation of NiTi and HAP.

4.0 Implementation

Once the material arrives implementation of design can occur.  Machine shop time and material science lab time is required to finish this aspect of the plan.
5.0 Integration and Testing

Testing of the implementation occurs to test for the best design.  Evaluation occurs to determine if the design and implementation is adequate for the required evacuation and filling.  If the design was not optimal, phase 3.0 and 4.0 must occur again.
6.0 Documentation

Results, notebook, final paper, and presentation.


The above was the approach of my project described in phases.

RESULTS


My project is still within the testing phase.  Mechanical tensile and compressive testing is currently being done, as well as the implementation of many of my prior designs.  Brainstorming for rotational motion is also being taken into consideration due to the small circumference of the NiTi wire.  A final draft of this final paper will be resubmitted on May 26th to discuss my end results of my project.

SIGNIFICANCE

The significance is dependent upon the people, the technology, and the implications towards the future.  Firstly, the end recipients are the patients.  This surgery treats an existing untreatable condition that could potentially create a tremendous amount of pain.  On a micro level, the tools solve a problem that could not be fixed before.  It reduces postoperative time due to its minimal invasiveness.  


On a macro level, the surgeons on the other hand view the technology for its implications to the future as well as the patient.  The advantage of creating a procedure and further introduction of computers within the operating room, advances the interaction between surgeons and engineers.  This interaction is essential for the advancement of technology within the operating room as well as the solution for existing surgical problems where the limiting factor is technology. 

MANAGEMENT SUMMARY

1.> Who did what?

2.> Accomplished vs. Planned

3.> What’s Next?

1.> My deliverables were completely separate from the other half of the pelvic osteolysis, so I was working on the whole thing completely on my own.

2.> The main setback was based on the fact that although the material was ordered on 3.14.01, the preliminary material, wire, did not arrive till 5.7.01.  The secondary material, which was important in relationship to my deliverables did not arrive till 5.9.01.


Obviously my deliverables date was pushed back by at least a month and on an optimistic level, a month and a half.  Currently testing and material science lab testing is taking place and by the 5.26.01 final date, my deliverables will be accomplished.

3.> The testing phase is in the works and will be completed on 5.26.01 as well as a final draft of this report.  More mechanical testing as well as design implementations and rototational integration will be included.

APPENDIX A: Preliminary testing results



APPENDIX B: Time Table

Initial Proposed Dates

· 2.22.01 Official Start Date

· 3.1.01   Meetings scheduled/attended  and research on potential evacuation and filler material

· 3.8.01   Research weight bearing material

· 3.15.01 Read papers, begin brainstorming on designs, purchase material and background reading.

· 3.22.01 Model different designs and evaluate according to the constraints theoretically

· 4.7.01   Begin prototyping and testing of different size tubing and wires with tool constraint, filling

· 4.14.01 Evaluating different prototypes 

· 5.1.01   Completion of project and documentation

Progress by Checkpoint

· 2.22.01 Official Start Date

· 3.1.01   Meetings scheduled/attended  and research on potential evacuation and filler material

· 3.8.01   Research weight bearing material

· 3.15.01 Read papers, begin brainstorming on designs, purchase material and background reading.

· 3.22.01 Model different designs and evaluate according to the constraints theoretically

· Checkpoint
MATERIAL STILL HADN’T ARRIVED BY CHECKPOINT. 

PHASE 3.0 COULD NOT BEGIN

Current Status

· 4.30.01  Meeting with Dr. Horowitz.

· 5.1.01    Met with Mark Kuntz, set up lab meeting

· 5.7.01    Wire material arrives



        Tubing from Wilmer Oncology




(Thanks Aaron Barnes)

· 5.8.01    Mark Kuntz, Undergraduate Design Lab



        furnace, plate (machine shop), potential testing

· 5.9.01    Tubing arrives



      Mechanical setting/testing of wires

· 5.10.01  Preparation for final presentation



      Mechanical setting/testing/loading of wires

5.26.01 END DATE/FINAL PAPER DUE
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TECHNICAL REPORT

Angulation: ~30,45,90 degrees

Varying Lengths

Radius: 0.02”

Testing: Force Generation


Rotational Mechanism


Tensile Strength


Compression Strength


Cyclic Wear


Deformation

The following design drawings demonstrate some of my ideas based on tight fit within the canula vs loose fit.  In the end loose fit is more optimal due to the need for irrigation and suction requirements.  Rubber tubing has also taken a more optimal design with a guide wire.  Analysis will be in further detail with the final draft of the report.  

The greatest tubing angulation would be 60 degrees in order to access the whole site.

Angle thickness 0.0020”
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