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Device Overall

· The purpose and operation of the device: The neck brace will serve to support the weight of the head of patients with dropped head syndrome, while allowing lateral rotation via the chin cup.  Therefore, the device will hold the patient’s head in an upright position, give him/her more freedom of movement, and make participation in daily routines easier.  To use the device, the patient must fit the shoulder rests over the shoulders, rest his/her chin in the chin cup, wrap the two straps around to the front, and clip the straps into the metal hooks.  For further adjustment, the straps can be tightened.
· The patient populations on whom the improvement will be used: This neck brace is primarily designed for ALS patients with weak neck flexor and extensor muscles, who still possess some lateral mobility of their head.  ALS typically affects the adult population, with the average age being around 55.  Overall, about 30,000 at any given time are reported with having ALS.  However, this device can be extended to patients who also experience neck muscle weakness due to other diseases such as multiple sclerosis, myasthenia gravis, polymyositis, and myotonic dystrophy.
· A description of the physical device: The brace is designed for the middle 95 percent of the adult population and provides adjustable straps and shoulder rests to ensure a snug fit.  Since this brace will be worn for up to 18 hours a day, it has an open frame design that minimizes bulk and the total weight to approximately 1 lb, which prevents additional pain or injury to the patient.  To effectively distribute the load generated by the weight of the brace and the patient’s head, padding is placed in areas contacting the chin, chest, and shoulders.  A low-friction track with a wheel interface allows for easy lateral movement of the patient’s head.  The chin track is supported by the front support rods, which distribute the weight along the shoulders and chest.  
· A comparison of device use with other devices currently in use that operate similarly to perform similar tasks: Presently, there are no known neck braces on the market that can properly support the neck and head, while still allowing sufficient lateral rotation.  Current neck braces for ALS patients immobilize the head, as their primary purpose is to treat individuals recovering from trauma to the neck and spinal cord.  These traditional neck braces include Philadelphia Cervical Collar, Miami J. Cervical Collar, Universal Cervical Collar, Thomas Type Cervical Collar, and Wire Frame Cervical Collar.  Since many ALS patients retain the ability to laterally move their head, these immobilizing braces do not satisfy their customer needs.     

· A description of how the device addresses the needs of intended users: In ALS patients, deterioration of the neck flexor and extensor muscles prevents them from properly supporting and holding their head upright on their own.  However, most patients retain the ability to move their head from side to side.  Our brace is designed to effectively support the neck and head through durable, load-bearing support rods on both sides of the brace, in addition to padding contacting the chin, chest, and shoulders.  In addition, the lateral mobility of many ALS patients may be slightly diminished compared to a normal individual.  Therefore, lateral motion while wearing the brace will be facilitated through the integration of wheels between the chin cup and the low friction track.  Our device will allow ALS patients to participate in normal daily activities such as seeing, speaking, and walking.
Device User Interface
· The physical characteristics of the user interface: All of the areas in direct contact with the skin will be made of smooth, shape-memory foam to prevent scrapes and allow for a snug, comfortable fit.  These components of the neck brace should be made of biocompatible, hypoallergenic materials that allow the skin to breathe, while drawing away moisture to keep it cool and dry; this is important in preventing skin rashes and irritation.  None of the materials should react with water.  In addition, pads are positioned on the chin, chest, and shoulders to add support.  The outside of the brace will be free of any sharp edges, rough surfaces, or obtrusive corners, to prevent injury to the patient or damage to the device.  Furthermore, straps connect from the back portion to the front of the brace via metal clips and hooks for finer adjustment purposes.  
· The operating logic of the user interface:  The device can be put on either by the user/patient or with the assistance of another individual depending on the extent of the patient’s symptoms.  Application of the brace involves fitting the shoulder rests over the shoulders, resting the chin in the chin cup, wrapping the two straps around to the front, and clipping the straps into the metal hooks.  The weight of the brace and the patient’s head is distributed through the various pads in contact with the patient’s skin/clothes to enhance comfort.  The chin rest glides along the low friction track via wheels, allowing fluid lateral movement.  

· Existing or anticipated labeling materials that will be provided to the user with the device, e.g., labels on the device itself, packaging, operating instructions, and training materials: To outline the improper use of the device and the necessary precautions that the patient must take while using the brace, safety instructions will be included.  For example, the device should not cause additional pain/discomfort or be worn while sleeping, eating, or bathing, as this may injure the patient and/or damage the brace.  If worn while sleeping, the brace may move or break, which could cause injury to the patient such as skin puncture or suffocation.  Furthermore, wearing the brace when bathing or exposing it to other chemicals could damage the brace and affect its performance.  If the brace is worn while eating, the patient should be cautious, as the chin rest may inhibit jaw movements affecting chewing and swallowing.  In addition, written step-by-step instructions with a corresponding video will be included detailing the procedure for putting on, taking off, and adjusting the brace.  Furthermore, the lifetimes of all of the replaceable materials will be included, as well as where to order new components.  For the components that do not need to be replaced, detailed cleaning instructions will also be included.  Finally, the instruction material would list possible symptoms from improper use, which indicate the need to see a health care professional for additional assistance.    
Device Use
· How the user interacts with the device user interface: The patient first places the shoulder rests over his/her shoulders and has another trained person bend them to ensure a snug fit.  Before the chin is placed in the padded chin cup, the height of the chin rest is adjusted according to patient need.  After placing the chin in the chin cup, the straps criss-cross in the back of the brace and are brought around to the front.  The metal slits on the end of the straps are then placed around the metal hooks on the front of the brace.  For further adjustment, the straps are pulled tightly for a smaller girth or loosened for a larger girth.  Once the brace is fully placed on the patient, he/she can exert a minimal lateral force to move their head from side to side via the chin cup on the low friction track.  The brace can be safely worn for up to 18 hours a day.  To remove the brace, the patient should unhook the straps, lift their chin, and pull the brace up, and away from them.      

· How the device is set up and maintained: When the patient receives the brace, it will be already assembled and ready for use.  The device should be initially put on by a clinician to provide further instruction and ensure a proper fit.  By following the written instructions and pictures, the patient should be able to put on and take off the brace easily after meeting with the specialist.  To maintain optimal function of the brace, the brace frame will need to be wiped with a cloth and multipurpose cleaner, while the memory foam pads will need to be periodically replaced.  The patient will just need to follow the instructions for cleaning and replacing the specific components of the brace for proper maintenance.
· The primary tasks that the user is expected to perform:  The patient should be able to put on, take off, and properly adjust the brace.  In addition, he/she should be able to clean the brace frame and replace the shape-memory foam.
Device User Population
· The intended population of device users:  Although the device users will primarily be ALS patients and other individuals with neck muscle weakness, clinicians can also be users if patients need assistance performing the associated functions of the brace due to the progression of disease.
· The characteristics of the device user population that were considered during the design:  Several elements of the device design were geared toward the user, or patient, in this case.  First, the patient population is mainly made up of adults, so the brace was designed to fit the middle 95 percent of the male and female adult population.  Second, the design of the device considered patients that had lost all ability to support their heads, and therefore the brace is capable of fully supporting the head.  Third, the shoulder supports are made of a malleable material to provide the proper curvature and fit to the patient’s shoulders.  Fourth, the track is designed such that it will possess a small coefficient of friction and allow smooth movement of the chin cup via six wheels.  This design will be beneficial for the patients, who will only expend minimal effort to move the chin cup along the track.  Lastly, the process of putting on and taking off the brace was simplified by eliminating the attachable back portion of the brace and attaching the straps to the shoulder rests. 
· The training and information tools that the user population will require to operate the device safely and effectively: The user should be given demonstration and instruction by a clinician before using the device so that it is used both safely and effectively.  Written instructions will also be included for future reference explaining how to safely use, wear, adjust, and maintain the brace through the cleaning and replacement of parts.  Follow up visits should be conducted to ensure continued proper use and fit.    
· The population of users for which the device is not intended to be used: This brace is not intended to be used by individuals suffering from trauma to the neck or spinal cord.  To promote correct bone healing, their necks must be completely immobilized.  Since this brace allows lateral movement, these patients may experience further injury due to the mobility and/or insufficient healing of their broken bones.  
Device Use Environments
· Environments for which the device is intended to be used: This device will be used at home everyday by a single patient and therefore must be easy to put on and take off.  If the patient cannot perform these activities alone due to the progression of the disease, another individual can help.  The patient can wear the brace outside of the house, but should avoid wearing it during extreme heat or a downpour.  The brace must tolerate room temperature, pressure, humidity, and any dust deposited from inactivity.  The materials of the brace should withstand minimal exposure to moisture by not dissolving or corroding upon water contact.  

· Environments for which the device is unsuited, or which can be expected to affect device performance: Although this device is designed for continuous wear by patients in almost any environment, certain situations may pose harm to the patient and/or the brace. This device should not be worn in the shower or in any environment that will expose it to an extensive amount of water.  Moisture may linger in the shape-memory foam pads, causing them to become damp and initiate skin irritation.  In addition, the brace should not be worn in any overly hot climates, as this may cause the patient to overheat.  
Use-Related Hazards

· The use-related hazards that have occurred with similar, already marketed devices: Presently, there is no device already marketed that provides adequate support, while still allowing lateral rotation.  Therefore, the use-related hazards for last year’s senior design team were considered.  Suffocation and/or laceration to the neck/throat can occur if the user wears the brace while sleeping.  In addition, neck and shoulder soreness/pain and/or skin irritation can result if the user does not properly adjust the brace for a snug fit.  The patient can also experience skin irritation if the brace is worn while bathing.  Furthermore, overheating can occur if the patient wears the brace in hot climates.  Also, when the patient uses the brace while eating, the chin cup may impede the ability to chew and increase the risk of choking.  Due to a complicated strap design, some patients had difficulty knowing where to wrap the Velcro straps to ensure a proper fit.  Overall, the major problem with the current neck brace prototype is that the chin rest does not slide easily along the track when a downward force from the head is applied.  The neck brace is specifically designed for patients with dropped head syndrome, who generally have diminished muscle strength and can only exert minimal forces to turn their head.  With the current track, patients are unable to turn their head at all, as even healthy subjects have great difficulty turning their head while wearing the brace.  As a result, patients put excess strain on their neck muscles trying to move their head laterally, and they complained of pain and discomfort after having worn the original prototype.  
· The processes used to identify and prioritize use-related hazards: The brace was inspected by clinicians before testing was done on an ALS patient.  Clinicians, medical personnel, an ALS patient, and several healthy subjects tried on the brace and filled out a survey.  The survey addressed comfort, ease of use, aesthetics, functionality, safety, and improvement over the traditional brace.  Our most valuable information though was gained through oral comments about the brace from the clinicians, medical personnel, and the ALS patient.  They all helped to identify some weaknesses of our brace and how future improvements could be made.  
· The use-related hazards that have either been identified during development or have occurred with this device during early testing:  One of the medical personnel at the ALS clinic pointed out that the metal pivots holding in the support rods of the track could be accidentally moved by the patient.  If the metal pivots move when the patient is wearing the brace, the support rods will dislodge, the track will fall out, and the patient’s head will drop down.  He suggested in another design that we put some sort of lock on the metal pivots so that they cannot easily be bumped.  Also, slight muscle strain resulted when Kristin had to constantly rotate her head back and forth during angle movement testing.  The lateral movement of the track was smooth, but her neck muscles got ‘tired’ from constant exertion.  Furthermore, when an ALS patient tried on our brace, he noticed that you cannot see downwards very easily while wearing the device.  His concern was that he would not be able to pick something up on the floor if he was wearing the brace.    

· How significant use-related hazards were mitigated or controlled during design and development: One way to control some of the use-related hazards for this brace is our inclusion of the detailed safety guidelines, the instructional video, and the directions on how to properly put on, take off, and adjust the brace. To alleviate the added neck pain, our track was built with a low coefficient of friction and a wheels interface between the track and chin cup.  This combination serves to minimize the amount of force that the patient must apply to laterally move his/her head while wearing the brace.  In addition, the design was made simpler to put on, by eliminating the detachable posterior pad and by attaching the straps to the back of the shoulder rests.  To mitigate the use-related hazard of overheating, the ALS neck brace was designed to have an open frame design, which allows air circulation and has minimal padding and bulk.  To mitigate the risk of soreness on the chest and shoulders where the support rods rest, padding was placed on the chest and shoulders.  In addition, the shoulder rods were redesigned to better fit the contours of the body.  Hypoallergenic and washable materials are used in the brace to prevent skin irritation, and the straps that secure the brace were redesigned to ensure proper placement preventing possible suffocation or soreness.

· Why strategies used to address use-related hazards are appropriate: The main use-related problems could result with the patient wearing the brace when he/she is advised not to – like while sleeping, bathing, and in hot climates.  All of the hazards resulting from this improper use can be avoided by the patient following the safety guidelines and not wearing the brace during these activities.  In addition, the pain and irritation can be minimized by learning how to properly adjust the brace, which can be obtained from the detailed instructions provided with the device.  Furthermore, if the track is redesigned to be smoother, with a low coefficient of friction, the patient will be able to more easily move the chin rest, which would eliminate the extra pain due to muscle strain.  If the straps are attached to the back portion of the brace, the patient will just have to clasp them to the front chest pad and not have to worry about where to loop Velcro.  This will better ensure that the patient will get a snug fit when putting on the brace.  The open frame design and hypoallergenic materials largely minimize the overheating and the skin irritation hazards despite prolonged use.  The increased padding also minimizes soreness from long-term use. 

Verification and Validation

· Possible testing and evaluation processes that could be used to determine whether device use design considerations have been achieved: The brace underwent a series of tests to verify that it met the intended design requirements.  The brace was put on a scale and found to weigh less than 1 pound.  A test subject also wore the brace and had a rotational range of motion greater than 67o using both a goniometer and Vicon Motion Analysis System.  The device also withstood repeated 10 kg loading with a force dial.  Therefore, our device meets all of its intended requirements. 
· Possible testing and evaluation processes that could be used to determine whether intended device users can use the device safely and effectively in actual or simulated conditions: To test if the brace could be used safely and effectively, we had several subjects wear the brace and evaluate its performance.  Subjects who wore the braced included clinicians, medical personnel, an ALS patient, and several healthy subjects.  After wearing and inspecting the brace, all test subjects filled out a survey evaluating comfort, ease of use, aesthetics, functionality, safety, and improvement over the traditional brace. The completed tests were only short-term, but future studies should be longer to better assess device safety and efficiency before the brace goes to market.   
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