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Problem Statement:  Our client needs a device that will rotate and flex/hyperextend the neck in both CT and MRI scanners.  Movements must be reproducible and isocentric about the spinal column.  
Client Requirements: 
· A device with the ability to rotate the neck
· The ability to flex and hyperextend the neck

· Compatible with CT and MRI scanners

· Reproducible positions of rotation and flexion/hyperextension

· Able to secure the head in place
· Radiopaque/non-ferromagnetic materials
· Relatively light and portable

· Aesthetically pleasing
Design Requirements
1. Physical and Operational Characteristics 
a. Performance requirements: This device needs to function in both a CT and MRI scanner.  Specifically, the scanner models are a GE Lightspeed CT scanner and a GE Signa 1.5 T MRI scanner.  The head support must allow isocentric spinal motion, including manual rotation of the head and flexion/hyperextension of the neck.  The device should attach to the stretcher of both machines.  The size of the device cannot exceed the size of the opening in the CT or MRI bore and an MRI flex coil must fit underneath the head cradle.  The support must hold the neck and spine stable and not inflict any more pain or anxiousness.  It must be stable enough to be used daily by technicians.
b.   Safety: For the safety of technicians using the neck rotator, it must be lightweight and easily movable to prevent long-term injury.  The device must lock at the rotated/hyperextended position to provide the necessary stability to the neck and spine of the patients.
c.   Accuracy and Reliability:  The degree of motion must be known.  This position can be in actual degrees or based on a relative numbering system (to repeat the position in the future).  Therefore, technicians and doctors can replicate an image by knowing the exact position the scan was taken in.
d.   Life in Service: The device must endure a daily usage (four or more hours per day) for twenty years.

e.   Shelf Life: The device should last approximately twenty or more years in a clinical atmosphere.

f.   Operating Environment: The device will remain indoors under a medical/clinical atmosphere (STP).  A minimal amount of heat will be sent into the neck rotator from the frequent cessations of the MRI’s RF pulses.  X-rays will also be transmitted through it.  Since patients will be lying on it, any bacteria or fluids generated by them will also get onto the device.
g.   Ergonomics: In the extreme case, the neck rotator should support kyphotic patients.  Let us say that the average patient is 75 kg, or 165 lb.  Also, let’s assume that 60% of the body weight is in the torso, which is unsupported lumbarly, and that the average moment arm for the center of mass of the torso is 0.28 m above the waist.  This generates a moment arm of 124 Nm that must be rigidly supported by the hinge joints.  All screws should circumvolve smoothly.
h. Size: 
1. CT: 
-The neck rotator must fit within the CT’s bore, measuring 67 cm in diameter.

-To latch onto the stretcher, the neck rotator should attach to the 42 cm between the two slits (on the stretcher).

-The current neck piece has a tongue that locks into the bottom of the stretcher.  This tongue measures 17.7 cm in width and 13.5 cm in length.  Our device should be similar to this, if appropriate and not considering the extra length needed for kyphotic patients.  

2.   MRI:

-If the neck rotator attached to the stretcher, it must fit onto the 39.5 cm gap between the slits.  

-The device must fit into the slits that measure 27 cm apart.

-Our device should not measure more than 50 cm in length, as is the length of the current head cradle.  
i. Weight: Primarily, CT and MRI technicians will be lifting the neck rotator throughout the day.  Therefore, the device should weigh thirty pounds or less, but ideally the mass of an MRI head coil (approximately 10-15 lbs).  
j. Materials: The device should not contain ferromagnetic materials.  The device will contain PVC for its radiopacity and stability. 

k. Aesthetics, Appearance, and Finish:  The device should be off-white or black to match the color of the CT and MRI scanners.  It should also accommodate an attachment for padding, which will support the patient’s neck.
2. Production Characteristics 
a. Quantity: One main unit with the ability to move in rotation and flexion/hyperextension
b. Target Product Cost:
· Two PVC Sheet 24” x 24” x .125”: $10.71
· Hollow PVC Rods with outside diameter 1 5/8”: $6.02/ft
· Projected Cost: $45.52/device 
3. Miscellaneous 

a. Standards and Specifications: Nothing yet, but possibly some health code issues, e.g. the device cannot absorb liquids or bacteria.
b. Customer: The customer prefers to use the CT scanner with his patients. Since we are detecting physiological changes in the neck, radiologists must have the ability to see the bones and spinal column.  Because the bones do not have hydrogen, they are missing in MRI images.  Therefore, our project should conform to CT before MRI.  
c. Patient-related concerns: There are two main patient concerns.  The first is that patients can become claustrophobic while being scanned.  Therefore, the design should take into account that a patient may not want his/her face covered in any way.  The second concern is comfort.  The design should include some sort of pad so a patient can rest his/her head comfortably.
d. Competition: There is no competition for a mechanistic way of rotating the head in MRI and CT scanners.  However, another design team created a device with a similar application, but it was used to rotate the lower back instead of the head and neck.  
