Problem Design Specification (PDS)

May 3, 2004

Title:  Robotic Arm Guided Biopsy Needle

Problem Statement:  The goal is to design a biopsy needle firing mechanism that will fire at velocity large enough to take advantage of the inertia of the body’s internal organs.  Theoretically, by firing at high velocity the needle will reach the tumor without having caused the displacement of tissues or fluids.  Additionally, it must be extracted quickly to reduce the chance for injury while in the patient.  The needle may have to be inserted subcutaneous before firing, and the device must be composed of radiolucent material.  The device must also work in conjunction with the robotic arm and programming developed by ImageGuide.

Function:

a) Must inject and extract needle rapidly ( time not specified)

b) Must acquire tissue sample after injection

c) Must be composed of radiolucent material

d) May need to be able to advance needle subcutaneous before firing

e) Must be able to be interfaced with ImageGuide robotic arm and ImageGuide computer software.  

f) Must have reliable, redundant safety checks to prevent injury to patient

g) Must be disposable following use per patient.

Physical and Operational Characteristics

a) Performance requirements – Approximately 15-20 CAT scans are performed every day at UW- hospital.  The mechanism must be able to maintain its ability to function for repeated use.  

b) Safety – 

a. Since the mechanism is going to be used in an invasive operation, it be designed to avoid malfunction.  Redundant safety checks are necessary.

b. Allow the user to manually retract the needle if power is lost or system has been shutdown for other reasons without use of tools and within 30 seconds 

c) Accuracy and Reliability – 

a. The mechanism should be able to stop the needle at the exact distance of the tumor (+ or – 2 mm)

b. Since the robotic arm handles the accuracy in the lateral directions, the concern of this firing mechanism is solely to stop the needle at the correct distance

c. Drive needle tip to target locations located a range of 1-22 cm from skin entry point

d) Life in Service – 

a. Driver and needle mechanism will be disposable – replaced after each set of one to four uses

e) Operating Environment – It is to be used in a CAT scan operating environment

f) Ergonomics – 

a. Forces and velocities have not been specified, and they will probably have to be experimentally determined

b. Should be interfaced with ImageGuide technology

c. Needle should be able to be changed manually without the use of tools

g) Size – 

a. The mechanism should be able to rotate freely with the robotic arm without impacting the CAT scan machine. A length less than 30 cm will be satisfactory

b. It should function with needles no greater than 22 cm in length 

c. Must have a radiolucent needle holder to attach to robotic arm

i. Provide a radiolucent needle holder which when used in conjunction with the RCM requires no more than 35 mm of needle to be positioned between the RCM point and top of the needle holder

ii. Provide protective position or cap for needle holder to be used when loading needle and performing passive positioning

iii. Needle holder inserts into the needle driver mechanism in only one orientation

h) Weight – A weight that ImageGuide’s robotic arm can tolerate has not been specified

i) Materials – Must be composed of radiolucent material

Production Characteristics

a) Quantity – One will be needed for every biopsy operation completed

b) Target Production Cost – Not binding at the moment

Miscellaneous 

a) Standards and Specifications – N/A

b) Customer – N/A

c) Patient – Related Concerns – Appearance of the device should be designed to avoid disturbing patient and appear as harmless and comfortable as possible.  More specific requirements on appearance will be made and addressed as necessary.

d) Competition – The only competition is the mechanism that ImageGuide has developed.  However this instrument does not produce the velocities that are satisfactory for our client.

Appendix C

Potential Problems—Summary

General Concerns

· Size constraints: little operable space for driver.

· Large forces generated by driver: effects of impulse on the mechanical arm.

· Preservation of Remote Center of Motion (RCM)

Pneumatic Specific Concerns

· Large pressure generation.  This may conflict with size constraints.

· Air is compressible—blow-off valves may help alleviate this problem.

Needle Concerns

· Complex needle designs will be hard to construct.  Using pieces from pre-existing needles may be our best option.

· Pilot studies are necessary to determine which type of needles will be best for this project.

Ethical Considerations

· Intellectual property must be protected for both ourselves and ImageGuide, Inc.  This can be accomplished by password protecting our student website, and confirming with ImageGuide beforehand the release of any information.

· Eventual prototype testing will be performed on animals.  We will have to reference the University’s protocol for such testing.
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