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The skull and spine are two of the most important protective bone structures of the human body.  The skull protects the brain, and the spine protects 31 pairs of nerve roots, which branch out of the neural foramen and run throughout the body.
  The base of the skull is attached to the first of seven cervical vertebrae.  These seven vertebrae form a lordotic, C-shaped curve that is much more mobile than the lumbar and thoracic regions of the spine. The first two cervical vertebrae, the atlas and the axis, are specifically designed for the rotation of the head.  The portion of the axis called the odontoid process protrudes through the vertebral foramen in the atlas, allowing for extreme side to side movement (see below).
  Between the junction of of the vertebral foramen and the nerves, lies the neural foramen.  The neural foramen provides a protective pathway for nerve roots exiting the spinal cord.  More in-depth research is needed discover whether or not rotation causes the neural foramen to compress nerve roots.  Compression of nerve roots within the spinal column causes extreme discomfort in patients.  

Due to the cervical spine having the ability to rotate 180 degrees side to side, about 120 degrees of tilt to each shoulder, and 90 degrees of flexion and extension,
  the stability of each of these movements is in question.  Although the amount of rotation of each vertebra during movement of the head is different among patients, a comparison is sought between patients with "instability" and those with stability.  
In addition to having the spinal cord and skull to protect the many nerve endings in the spinal column, there is also a Cerebral spinal fluid(CSF).  CSF cushions the brain as well as acts as a shock aborbent within the spinal column.  In a Chiari I malformation, the cerebellum alters the flow of the CSF fluid within the skull.
  In patients with this condition, it is unknown what the direct effects of extension and flexion are on the flow rate of the CSF.  Therefore, the device would aid in further investigation of the velocity of  CSF in Chiari I malformation patients.

Ligaments that attach the atlas to the axis allow for separate rotations between the two vertebrae.  Facets and intervertebral discs permit cervical vertebrae to move together as well as separate movement for each vertebrate.  Although, it is known that the vertebrate segments move together, further resaerch must be done to determing whether or not the motion segments are stable.  Therefore, the device designed will help to compare patients which have instable movements with those who have stable movemetns.  Muscles behind and in front of the spine accomplish extension and flexion of the spine.
  Ligaments connect bone to bone, joining all of the vertebrae in spinal cord to allow various motions while supporting the weight of the head and maintaining balance. 


In order to produce high quality images of the head and neck, two different imaging techniques are used: magnetic resonance imaging (MRI) and Computed Tomography (CT).  CT and MRI are used in radiology departments to diagnose neurological ailments of the spinal column.  Neither CT nor MRI beds have a device that allows isocentric movement of the head.

As an MRI machine scans the body, it builds a map of tissues, either 2 or 3-dimensionally, that can be made into a 2 or 3-dimensional image of the body.  An MRI scanner is composed of three different types of magnets: resistive, permanent, and super-conducting magnets.  The strength of these magnets is measured in tesla. The strong magnetic field produced by these magnets aligns the hydrogen atoms in the body.  A radio frequency pulse specific to hydrogen causes the hydrogen atoms to absorb energy and spin at a certain frequency, creating a resonance.  MRI machines are equipped with coils that apply this radio frequency pulse.  Different sized and shaped coils are used for different areas of the body.  The radio frequency pulse is slowed down, allowing atoms to release energy and return to their natural alignment.  The coil picks up the change in energy and sends signals to a computer system that will transform the signals into an image. The stronger the magnetic field, the sharper, more defined the image is.
  An MRI can image any plane of the body, axially, coronally, or sagitally.  The MRI machine currently being used at University Hospital Signa 1.5 T.  The cushioned head cradle used holds the head and spine stationary.  It slides into two tracks, one on each side of the stretcher.  It is screwed tightly in place. 

Computed tomography (CT) produces images using X-ray.  X-rays pass through the body and are either absorbed or weakened at different levels, creating a profile.  The profile is transferred to film, creating an x-ray image.  In a CT scanner, the x-ray and a detector are attached to the frame, which rotates 360 degrees around the patient.  Every time the full rotation has been completed, 1,000 profiles have been created.  The profiles are reconstructed by a computer system to produce a 2-dimensional slice.
  The scan is controlled by technicians and a computer system that can change variables such as the angles of images and the tilt of the table.  The CT scanner currently being used is a GE Lightspeed.  The head and neck support used with the CT is inserted into a slit at the head of the stretcher.  It simply holds the head and neck stable, not allowing motion side to side or front to back.  It has a cushion padding for comfort and cut out ear holes. (picture)


Currently there is no support device that allows the head and spine to be rotated and then stabilized for a CT or MR scan.

Problem Statement


To assist in CT scanning and MR imaging of the head and spine, a device made of CT and MRI compatible material is required which allows for isocentric motion.  More specifically, the support will rotate the head into a reproducible stationary position at ± 60° left and right as well as ± 40° extension and flexion.

Literature Search


Research was conducted in order to understand the environment where this design will be used.  The team conducted research regarding MR imaging and CT scanning.  It was necessary find out how each machine functions, what materials can be used with each machine, and any restrictions that exist for the design due to the equipment it is designed for.  This information was found on various websites.  The anatomy of the head and spinal column also needed to be researched.  It was necessary to know which vertebrae and ligaments allow various types of movement of the head.  This information was explained in websites such as “Neck Reference” and “Spine Universe.”


Andrew Wentland, one of the six team members who has a vast knowledge of MR research, arranged an onsite visit to the Waisman Center and UW Hospital.  The onsite visit allowed the group time to draw sketches of the CT and MRI machines as well as the head supports currently used, take measurements, and verbally brainstorm together.  CT technicians were available to explain how the scanner operated and to answer any questions regarding the scanner and head support currently used.  Andrew and the CT technicians served as an important researching resource.

Meeting with the client, Dr. Haughton, provided a wealth of information.  He outlined his design specifications and gave the team a few design ideas to develop further.  The client showed the team the MRI and CT scanners that the device would actually be used with and gave the team time to evaluate the equipment.  Through e-mail correspondence, the client provided more research topics and clarified any questions that arose from the team.

Design Constraints


The design must allow rotation to the left and right approximately 60˚ as well as inflection and extension approximately 40˚ about the mandible.  A technician must manually move the head and neck to the desired degree of movement.  Once situated, the device must be able to lock in place and prevent unwanted movements that could cause further injury and pain.  The degree of movement needs to be reproducible to allow for duplicate scans need to be performed.  The device needs to lock at set angle increments.


The new device will be used most frequently with the CT scanner.  However, the support must be universal and fit a MRI machine as well.  The design needs to allow the head coil, body coil, or a FLEX coil to surround it to provide the clearest image possible.  The further away the coil is from the region being scanned, the more unclear the image turns out.


Safety is an important factor to consider in this design.  The safety of the technicians as well as the safety and comfort of the patients is essential.  The device must be lightweight and portable so that technicians can safely attach and detach it from the stretcher.  The device must protect patients against further injury.  Ideally, the support will work on all types of patients, no matter their size or physical ailments.  Specifically, it should accommodate kyphotic patients who are unable to bend their necks.  The comfort level of patients is also a real concern in designing the device.  The design must be cushioned so that patients can endure a several minute scan.  Patients need to be able to tell that their head is moving, so a chin or forehead strap is an ideal feature.  In addition, there is also a mesh, which can be placed over the patient’s head to serve the same purpose.  Also, the device should not completely enclose the head because many patients may suffer from claustrophobia.  Safety and comfort are essential items to consider in this design.


The material the device is made must be considered in this design.  Since an MRI machine is basically a giant magnet, non-ferromagnetic and radiopaque materials must be used.  Metals cannot be used; therefore plastics such as polyvinyl chloride would be best.

Design Alternatives

In generating different design ideas, it was very important to ensure that the different physical mechanisms would allow for both inflection and deflection, as well as tilting the head to the right and the left.  Once the mechanisms allowing for movement were combined with a head supporting system, the design was reviewed.  The designs were then evaluated using a prioritized list of product design specifications.  After analyzing the different designs, the top three designs were selected and from these a chosen design was selected.  

Design 1 

Three designs were considered for allowing isocentric movement of the head.  Design one consisted of a head rest platform supported by a frame which houses the devices which allow for movement.  The head rest platform, layer one, consists of two pieces of wood or plastic joined together by two evenly spaced hinges.  The hinges are attached on the opposite side of where the patient rests his head.  The hinge allows for the two pieces to lie flat, and also allows for the pieces to move to an inclined position.  With the patient placing his head on the head support, the angle between the two pieces determines which direction the head is tilted and the degree at which the head is tilted.  Thus, the hinge allows for side to side motion of the head.

The frame portion of the design, layer 2 is the support mechanism which holds the head support at a given inclination and allows for the head to rotate.  The frame of the design consist of four wooden flaps hinged to the four sides of the frame.  These flaps lie flat when not in use, but when an inclination is desired in any of the four directions, the flap opposing the direction of the desired tilt is elevated.  The flaps are lifted to elevate the head support.  These flaps catch upon grooves on the dorsal side of the head support.  These grooves fit the flaps and secure the head support at its level of elevation.

This design operates on the basis of hinges, which allow for movement.  This design gains credibility in its ease of use for the lab technicians.  In order to move the head, all that is required to do is elevate the flap and lock it into place.  This design is also attractive to the patient in the respect that atop the head support device, there will be a foam padding similar to the padding used in the current head support.  The device also allows for the patient to have a large surface area of contact with the head support and thus creates a well supported and secure feeling.  However the flat surface while allowing for a secure feeling, may limit the designs movement capabilities because it is not form fitting to the head.  A head strap would also be attached to this design to add stability as well as make the patient aware of any extraneous head movement.

Design 2
Design number two features a system of pads which hold the head suspended in air. The design consists of two columns which support a rod connected to the head pads which support the head.  It operates by a system of adjustable pins and knobs.  Pins are used to secure the position of the rods and knobs are used to control the height of the columns.
The head supporting section of the design consists of two pads, one on the left and right side of the head.  The pads lie just behind the temples and curve around the ear.  The pads wrap far enough to the back of the head so that there is enough support at the base of the head.  The pads are made of a foam-like material and backed with a lightweight plastic.  A rod attaches to each pad and in combination with the column supports, it holds the pads suspended in air.  Within the rods there are holes drilled at various lengths of the rod, these holes are slots for the positioning pins to fit within.  Once the pads have the correct separation distance between them to accommodate for the patients head, pins are inserted on each side of the supporting to lock the rod in place.  These pins prevent the rods from lateral movement and allow for the spacing of the pads to remain fixed.  

Left and right angular positioning is achieved by raising and lowering the columns on each side of the head.  The columns are raised and lowered by knobs which push in and out and when the desired position has been reached, the knobs poke through holes in the outer base.  In effect, the columns are a two part device.  An inner portion which is stationary and has the compressible knobs protruding, and the outer portion which is hollow with holes at specified distances.  Thus the protruding knobs fit into the hollow holes.  The combination of the inner and outer portion, allows for height. variability.  With the left column at a greater height than the right column, the pads will be positioned such that the head is tilted to the right.  .

Inflection and deflection of the head is achieved through the positioning of the pins.  Once the pins have been placed through the correct holes to allow for adequate spacing of the pads, the pins will slide through two positing devices which protrude from the side of the columns.  Various knobs will be placed in a semicircle shape on the side of the column support.  The pin will then be inserted between two positioning knobs depending on the angle of inflection and deflection that is desired.  If a greater degree of inflection or deflection is desired, the pin will assume a more lateral position, but if a slight degree of inflection or deflection is desired, a more vertical position will be employed. 

This design is unique in its ability to support the head adequately while having the head suspended in air.  The head is held securely into position through the use of the pads.  Stabilization is also achieved by the usage of a strap, which is attached to the pads and runs across the patient’s forehead.  This design allows for a lot of variability in the positioning of the pads, and thus allows for a more precise positioning.  In addition consistency in the amount of inflection and deflection along with tilting to the right and left can be achieved by using the system of knobs and pins.  A negative aspect to this design would be the correct spacing of the pads on the patients head as well as the number of parts that this design includes.  Depending upon the environment that the design is used in, keeping all of the parts together could be a problem.
Design 3


The head will rest in a hemispherical bowl with a neck support extending.  The outside of the bowl will be made of sturdy plastic, possibly PVC.  For patient’s comfort, the inside of the bowl will be lined with pads that velcro in place.  A different set of pads that conform to the face and have holes for breathing will be used if a scan needs to be done with the patient lying on his/her stomach.    The bowl will be large enough to fit any size head.  An adjustable chin or forehead strap will attach across with velcro from side to side so that the patient will be aware of movement of his head.  Two rods will extend out to the left and right of the bowl. These rods fit into side supports.  Within the side supports, the rods are allowed to turn clockwise and counterclockwise. A gear attaches to the end of each rod.  Flexion and extension are accomplished by simply turning the gears to the desired degree backward or forward.  The gear will lock in position with a single movable tooth attached to each side support. The gear indicates the degree of flexion and extension so that a scan can be easily replicated. Both the rods and gears must be made of either plastic or wood.  Rotation is accomplished through adjusting the side supports.  Each side support is a hollow structure containing holes a measured distance apart.  These hollow structures fit over the solid base support.  The base support extends underneath the entire system and bends upward on each side to connect with the side supports.  The side pieces of the base support have notches that coincide with the notching holes of the side supports.  This allows the side supports to adjust vertically up and down differently on each side to rotate the head.  The degree of rotation will be determined by the height of the side supports.  The side and base supports will be made of the same materials, most likely wood or plastic.  

The gear locking system in this design allows the degree of movement to be easily replicated.  No heavy lifting is required to operate this device, making it easy for technicians to operate.  In this design, the head will be suspended above the table, but the entire head and neck will be resting in the support.  Although this may allow patients to feel more supported, claustraphobia in some patients may also increase.  
Analysis 
After a reviewing of all the designs to verify functionality, analysis of the designs was conducted.  All three designs allow for isocentric movement of the head however, the three designs allow for movement in a different maneer.  Therefore, in order to select the best possible design, a decision matrix was used to contrast the performance of each design in the four of the most important categories.  In the decision matrix depicted below, the four criteria are listed and the different designs are also listed.  The decision matrix allows for a clear comparison of the designs by assigning a number to each design.  The number one indicates an excellent, two indicates a good, and three indicates that the device is functional, but not preferred.  Each of the designs were rated 1-3 and the design with the lowest score was selected to be the chosen design
	Criteria
	Platform
	Pads
	Bowl

	Extension/Flexion
	1
	2
	2

	Left/Right Rotation
	3
	1
	1

	Reproducibility
	2
	1
	1

	User interface
	3
	1
	2

	Total
	9
	5
	6

	1=best, 3=worst
	 
	 
	 


Fig.. A1 decision matrix for three designs..  

Although the design matrix evaluated the overall design of the project, the specifics advantages and disadvantages still need to be brought forth.  When considering the comfort level of the patient, design one does not form fit the head and may cause awkwardness for the patient, since the head will be in contact with a flat surface.  Design two however form fits the head to a better degree, but there is the risk of the pads not feeling supportive enough for the head, or squeezing the head.  Whereas in design three, the head is supported by a device which nearly encases the entire head, thus allowing for a well supported feeling, but increasing the likeihood of clasustrophobia..

The lab technician user interface was the next category to consider.  How easily the device will be to set up and operate in order to obtain the desired goals of inclination and stabilization needs to be taken into consideration.  Design one requires the lab technician to lift up the board and flip up the flap.  A simple task, but reaching around so near the patient’s head may be awkward and clumsy, and the patient might have to sit up while it is being adjusted.  Design two’s accessibility allows for the lab technician to adjust the degree of movement without having to reach around the patient or make the patient lift his head.  Design two allows for a smoother transition from one position to another.  This is a large advantage which will add to the comfort level of the patient as well as be time efficient.

Design three has a user friendly interface for the lab technician, the right to left rotation is achieved by simply lowering and raising the device.  In addition, for extension and flexion the gear is easily accessible for the lab technician, and can be adjusted without upsettin the patient.

Chosen Design


After completing the decision matrix and evaluating each design it was obvious that design is the best design.  The two different mechanisms allow for a high level of variablilty.  The height adjustments allow for various degrees of tilt to the right and left.  The amount of tilt is also easily reproducible due to the knobs being locked into place along the two supporting columns.  In addition, various degrees of inflection and deflection can be accomplished due to the adjustability of the pin which slides between protruding knobs.  These angles of inflection and deflection are also repeatable because of the fixed knob locations.


This design also has a unique way of supporting the head which allows for an air yet supported feeling for the patient.  The pads are positioned to provide support, while not completely enclosing the head.  In addition, if it was required that the subject lie on his stomach for a scan, there could be a second set of pads designed to support the head adequately for this position.  There would be two sets of pads, one for the scans with the patient on his stomach and one for scans with the patient on his back.


The adjustable pins and knobs allow for the head to be adjusted without interfering significantly with the patient.  Thus allowing for a smooth and time efficient trasition between scans.  Equally as important as the user interface is the interface the head supporting device has with the bed it is being used on.  The head support would be placed securely on the bed by cutting a groove into the support columns which would slide along the tracks located on the surface of the bed.  

Conclusion

Although the possibilities are endless for the different physical mechanisms that could provide the desired motion of the head, a simple, elegante, inn-expensive, and versatile device is desired.  






Upper left: Structure of a vertebrate





Side:  Atlas sitting on top of axis.  Odontoid process is shown sticking through vertebral foramen





Upper Right:  The spinal column
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� http://www.centerforspinaldisorders.com/disorders.htm


� http://www.neckreference.com/anatomy.html


� http://www.spineuniverse.com/displayarticle.php/article1442.html


� http://tribble.missouri.edu/ns/chiari/


� http://www.hjd.org/hospitals/hjd/hjdspine/musclesandligaments.htm


� http://www.howstuffworks.com/mri.htm


� http://imaginis.com/ct-scan/how_ct.asp
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