Prosthetic Ear Fixation Mechanism

Ashley M.  Phillips

Cullen P.  Rotroff

Evan C. Rogers

Joe A.  Hippensteel

Steve C.  Noel

ABSTRACT

There are currently two mechanisms in use to attach prosthetic ears. A magnetic mechanism provides an easy, yet precarious, attachment. A clipping mechanism affords a stable attachment but requires excessive force, inducing eventual wear on the prosthesis. A new fixation mechanism was desired that provides secure fixation with minimal attachment force. Preliminary testing to determine force desired force levels for attachment and detachment produced imprecise or inaccurate results. A new method was developed that combines two magnetic place holders with a threaded locking-post. Future testing must be conducted to ensure an ergonomic design as well as a design which provides secure attachment.
BACKGROUND 

Currently there is no absolute solution for patients who are in need of a prosthetic ear.  Each patient is usually approached on a case by case basis.  There are a couple situations in which a prosthetic ear would be necessary.  One such situation is microtia.  This disease is a congenital deformity of the outer ear.  It affects approximately 1 in 10,000 births.  The other event in which an ear prosthesis would be needed is in the case of an injury.  Examples of this are war wounds and car accidents.


The primary concern with the prosthesis is making it to match the other ear.  The material used for constructing the ear is silicone.  A layer of adhesive paint is added on top of the silicone to match the skin tone of the patient.  Often times the patient will grab the prosthesis in same area every time that he or she removes it.  This repetitive action causes wear on the paint, leading to an area of the area that is lighter than the rest.  The ear fastens into a keeper which is implanted into the mastoid bone.  The two current mechanisms for fixation are a bar and clip system and a magnet system.

Another issue is the removal of the ear.  It is not desirable for the prosthesis to fall off from contact obtained in daily activities, due to the trauma that could be caused.  However, it should not be fastened so tightly that the patient cannot remove the ear.  Removal occurs at night and when the person is going to take a shower.

Hygiene is another concern.  Both the keeper and the fixation pieces on the ear need to be able to be easily cleaned.  The magnet system can be cleaned easily; however, it is difficult to clean under the bars for the other fixation mechanism.  The ideal system would be easily attached and detached when desired, but would not fall off during normal activities.

METHODS

Prior to deciding upon a single design option to produce, preliminary testing was done to investigate the force characteristics of the current mechanisms in use in the prosthetics industry. Testing was done with the magnetic fixation prosthetic with a strain gauge. Shear and normal forces were measured at various locations of the ear. Results were imprecise, however, as the strain gauge measured a single significant figure and all results were between one and two pounds of force. It was then decided to use a three point bending machine to measure the forces of the current mechanisms. The machine had a minimum of 5 N of force that had to be applied prior to recording forces exerted by the machine onto the prosthetic. This minimum force, however, was too large for the magnetic fixation. This force testing didn’t work for the bar and clip fixation either due to the nature of the locking mechanism orientation. The machine placed a force perpendicular to the locking mechanism rather than opposite or against it. Therefore, the machine bent the parts of the locking mechanism rather than detach the prosthetic ear. From these results it was concluded that a force greater than 5 N was desired to ensure stable attachment.
The rest of this section could probably include Evan’s write up on preliminary ideas leading into the fact that a design was desired without moving parts.

RESULTS

Maybe this part could be the final design that was produced for the prototype.

Since the prototype was built out of stainless steel, testing had to be conducted to ensure a strong bond between the steel and the silicone of the prosthetic ear. Qualitative testing was done by the client to determine the bond strength with stainless steel in the prosthetic ear. Testing was done with a primer from Nusil Technologies. Bond strength was compared to steel placed in silica with and without the primer. Once the steel was placed in the silica, the samples were heated for one hour and allowed to cool, following protocol for the production of a prosthetic ear. The bond was found to be of sufficient strength, showing failure in the bulk silica rather than at the bond interface.

DISCUSSION

This part could include analysis of the design as compared to the preliminary ideas. Maybe future work here even though you aren’t supposed to mention anything here that hasn’t been previously mentioned. Not sure which section fabrication process should go under either. Anyone have any ideas?
CONCLUSIONS
Your guess here is as good as mine…. Maybe future work could be here instead of discussion. One of the papers in this journal I looked at included some comments on “the next steps would include..” in their conclusions section. So maybe results could include the way the prototype was made and discussion could just include the part on how it is compatible with mass production methods. This was none of the sections require anyone to write new stuff that wasn’t included in the poster.
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