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Amyotrophic lateral sclerosis (ALS), also known as Lou Gehrig’s disease, is a progressive, degenerative disease that affects the nerve cells within the brain and spinal column. Over time, this degeneration causes a person’s nerve cells to lose function and eventually die off. A person afflicted with ALS begins to lose the ability to stimulate their voluntary muscles, sometimes to the point of total paralysis in the later stages. The onset and progression of the disease vary from person to person, with warning signs being slurred speech, muscle weakness, tripping, etc. Muscle weakness is the most common initial symptom, affecting about 60 percent of patients.


One common symptom of ALS is a decrease in muscle strength of the flexor and extensor muscles (longus capitus, longus colli, and rectus capitis anterior) that support the neck to keep it in the normal upright position.  Without additional support, ALS patients with weak neck muscles are unable to hold their head upright, and instead often rest their chin on their chests.  Current treatment for this symptom is the use of a traditional neck brace to support the neck so that the patient can have a normal use of their head for vision, speaking, and other daily functions.  However, since traditional neck braces are designed to completely immobilize and stabilize the head during recovery from neck injuries of the vertebrae and spinal cord, the use of them by ALS patients completely eliminates the mobility they may still possess.  While the flexor and extensor muscles of the neck are too weak to support the head, the muscles that control lateral rotation of the neck often have enough strength to rotate the head if it could be supported in the upright position.  Therefore, a neck brace that could support the head, while still allowing rotation, would be a significant improvement for the quality of life of ALS patients by allowing them to perform more daily activities.

  
Therefore, the objective of this senior design project is to design a fully functional prototype of a neck brace, which supports the neck and allows rotation.  A previous senior design project constructed a prototype brace that had the capability of allowing lateral rotation; however, the force needed to turn the head while wearing the brace exceeded the muscular strength of even a healthy subject.  Therefore, this project will be a redesign of the previous device, with a lower friction track that will possibly incorporate wheels.  


Redesigning the current neck brace will introduce several constraints that must be considered during the design process.  ALS affects the adult population, with initial symptoms occurring in patients around 40 years old; the average age of a patient with ALS is about 55.   In some cases, patients in their 20’s or 30’s have developed ALS, but this is uncommon.  Overall, about 30,000 at any given time are reported with having ALS. For our design process, this is an important statistic because it will limit our constraints to the adult population, making it easier to design a universal neck brace.  Ideally, the brace should fit the middle 95 percent of the male and female population.  Therefore, the brace must be designed to be adjustable to accommodate the anthropometrical data of the target population.  


To decrease the expenses of ALS patients, the device must meet insurance requirements.  While improving the quality of life for ALS patients, the neck brace would not be a necessary medical device.  Therefore, care must be taken in the design process to ensure that the device would meet the majority of insurance companies’ standards for coverage.  If the device is unable to be covered by insurance, the brace must then be relatively inexpensive, so that patients can readily afford to purchase it.  


The major objective of the redesigned neck brace is to support the patient’s head in an upright position, while allowing the patient to rotate their head laterally.  The foremost design specification is that the brace must adequately support the weight of the head.  Since the device should be designed for use by 95 percent of the adult population, the brace must accommodate the mass of the 95th percentile male’s head, of 5.23 kg.  The support in the current design comes almost entirely from the chin rest, and is distributed to a pad placed on the patient’s chest.  The redesign may provide further support from the shoulders, distributing the weight more evenly across the body.  


Secondly, the other half of the design’s objective is to allow the patient to have some lateral rotation, while wearing the brace.  Specifically, the brace should permit a minimum of 50 percent of the normal range of motion for head rotation.  This specification means that the neck brace must allow 67 degrees of total rotation.  In addition, the forces required to move the brace along the track, when the head is being supported, must not exceed the strength of the neck’s rotational muscles.  The factors affecting the required rotational forces are the frictional coefficient of the track material and the normal force of the chin rest on the track.  Therefore, the design of the brace to meet the force specification should involve both redesign of the track material, as well as the distribution of the weight of the head to other supports besides the chin rest.


While meeting these first two requirements, the neck brace must also be lightweight.  Conventional headrests weigh approximately 1 lb, so this new brace must not be significantly greater.  The weight of the neck brace is one of the factors associated with patient comfort.  While the patients will not wear the neck brace 24 hours a day, many patients may desire to wear the brace up to 18 hours for most daily activities except sleep.  Therefore, besides being lightweight, the brace must adequately distribute the forces and sufficiently pad the head and upper torso to prevent discomfort and pain.  


For every day use by a wide range of patients, the brace must be biocompatible for all users.  The most important biocompatibility factor for the neck brace is avoiding skin rashes and irritation.  Therefore, the device must be made of a hypoallergenic material that allows the skin to breathe, while remaining cool and dry.  


Finally, as most patients will only purchase one neck brace, the device must be capable of being cleaned.  While the brace does not need to be sterilized, all parts must be washable to keep them clean.  If particular components are unable to be washed, they must be replaceable and cheap.  These design specifications will become more important later on in the design process when choosing the final brace materials.    


The new design of the ALS neck brace must accommodate these parameters and requirements to create the best product for patient use.  While these specifications are important for building the neck brace, greater restraints will be needed once a specific design and draft of the product are created.   

