Background
Movement disorders are characterized by neurological imbalances primarily resulting in a substantial loss of motor control.  Although the causes of most movement disorders remain unknown, many originate from the dysfunction of the region of the brain called the basal ganglia.  This area is greatly affected and can become severely damaged as a consequence of strokes, metabolic abnormalities, liver disease, infections, tumors, drug overdoses or side effects, and head trauma.  These maladies significantly increase the risk of developing a movement disorder and only worsen with age
.  
Movement disorders are classified as either hypokinetic or hyperkinetic, referring to the abnormal increase or decrease in motor activity.  The most common symptoms of movement disorders include tremor, rigidity, postural instability, and a shuffling walk, but can also include slurred speech, reduced ability to show facial expressions, loss of fine motor skills, and a decline in intellectual function.  Wild, involuntary movements known as dyskinesia are often mistaken as characteristics of the disease; however, these problems arise from the large doses of drugs and medications prescribed to control the major symptoms.  Because of the varying degrees of severity and differences in symptoms ranging from person to person, movement disorders are especially difficult to analyze and are often misdiagnosed, which only adds to the complexity in determining a proper treatment
.  
Recent breakthroughs and cutting-edge technology in neuroscience have evoked a new treatment for reducing the symptoms of movement disorders.  Though a costly procedure, deep-brain stimulation (DBS) holds promising results for many people
.  Electrical impulses, regulated by a neurotransmitter (similar to a cardiac pacemaker) implanted near the collarbone, are sent to electrodes within the brain.  Targeted cells in the brain receive the stimuli and are essentially “shut down” in order to reestablish a balance between interfering signals.  DBS reduces intensity of symptoms by 50-60% in most patients with little or no side-effects
.  Because deep-brain stimulation is still a relatively new procedure and all of the risks associated with it are not yet fully assessed, insurance companies are reluctant to cover the surgery.  Nowadays, insurance companies are requiring quantitative verification for the improvement of patient quality of life in order to validate the expense of the surgery.  From this has evolved a new branch of healthcare known as evidence-based medicine.   

Problem Statement
The problem we were confronted with was to design a mechanism that would objectively measure the quality of life of a person with a movement disorder.  The proposed device would ultimately serve as evidence to insurance companies of the improvement of patient quality of life post-DBS surgery.  Due to the ambiguity of the term “quality of life”, ideas and designs initially were constricted to measure the degree of patient satisfaction, for which already existed various subjective questionnaires.  For the purposes of the project, it was necessary to expand the definition of quality of life to include the improvement of mental, physical, and social function within the patient’s environment.  
Current designs and design constraints
Currently, patients are administered questionnaires that aim to describe and explain their change in quality of life pre- and post-surgery.  The questions range from disease specific to general quality of life.  Many variations of such surveys, such as PDQ-39 or SF-36 (A), are available for physicians and insurance companies’ uses.  After speaking with Gary Diny, a physical therapist at UW-Madison Hospital, we understood that insurance companies fund medical treatments that help patients return to a level of functionality for their specific environment.  We then created a definition for quality of life that encompassed this main guideline; our device had to provide evidence that quality of life had improved post-surgery.  Thus our working definition of quality of life is a measure of the means that people live within their own environments in ways that are best for them.  The ultimate goal of the deep brain stimulation surgery is to enable people to live quality lives -- lives that are both meaningful and enjoyed, but are also functional mentally, physically and socially.  

The key design specifications include that the device created must not be intrusive to the patient and have the data storage and manipulation capabilities to provide a full record of patient functions (Appendix A).
Mental


As one of the three main components of quality of life, mental wellness must be addressed in assessing patient improvement.  For this project, we will not be creating our own questionnaires because we do not have the knowledge and professional training in this field.  Therefore, in order to include a proper test for the mental status of the patients, we are going to include several questionnaires that have already been developed (i.e. PADLS), which encompass general quality of life questions along with disease specific questions. These questionnaires also include depression tests, such as GDS-15, since this is a major symptom of many patients.  Due to the subjective nature of these questionnaires, we will be coupling these surveys with devices that will provide us with more objective, quantitative data.
 
Physical
The physical aspect of our project needs to focus on measuring small range of motion to objectively gauge improvement from pre- to post-surgery and relate those to quality of life.  A few of our ideas to measure these types of movement include gait sensors, SHAPETAPE™, and accelerometers.  
Design 1: Gait Sensors
Gait sensors analyze movement by using small reflective spheres that are attached to many of the patient’s joints.  The spheres can be placed on any joint, not only the legs, allowing us to visualize all small range body movements
.  The data is recorded using three triangulated cameras and then transferred to the computer for data manipulation.  Using a system such as this would provide us with the ability to distinguish normal movement from tremors and other Parkinson’s related movement dysfunctions.  By observing patients pre- and post- surgery, we could observe any changes in their functions.  This set up for observation works well in that it allows full range of motion and does not inhibit the patients’ motion at all.  However, due to the mechanism by which the system collects data, i.e. cameras, the apparatus confuses different kinds of motion because it is incapable of depth perception, making analysis of the data too difficult
.
Design 2: SHAPETAPE™

Our next potential idea involves using SHAPETAPE™ technology.  SHAPETAPE™ is a fiber optic based, three dimensional bend and twist sensor
.  This device records data directly to the computer and is easy to use and set up.  The thin piece of fiber-optic wires is taped to the patient’s limbs and measures the change in the amount of light that reaches the receiver as the SHAPETAPE™ is bent with limb movement.  Data manipulation doesn’t require much expertise and the correct type of data could easily be collected.  After further investigation however, we found this device to be quite expensive and not available for preliminary testing.  Also, SHAPETAPE™ might not be able to measure the small range of motion needed for the physical aspect due to its lack of pliability
.  
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Figure 1.  SHAPETAPE™

Final Design: Accelerometers
Our final design alternative encompasses the use of an accelerometer.  This device uses a small mass that is attached to a spring to record acceleration as the patient moves.  The data recorded is then integrated to provide the speed and distance traveled.  Our specific needs require that it measures motion in a tri-axial range and that it be small enough to attach to a patient without being intrusive.  Tri-axial range is important to this project because the small range movements that we are measuring are three dimensional, and so any device not measuring in 3-D provides us with an incomplete data set.  A reference accelerometer placed on the trunk of the patient is necessary to distinguish between accelerations due to forward progress of the patient and patient tremors.  Accelerometers will be placed on the wrists and ankles, so as to measure any irregular movement that occurs at these places.  
The data capabilities of this apparatus must record 8 cycles per second, twenty-four hours a day, for seven full days.  We specify 8 cycles per second because we need to consider the physical phenomenon of the tremor, which is 4 hertz (cycles per second)
.  This requires the battery life and data memory to last for this long; also, the accelerometers must be non-intrusive since the patient must wear them for an extended period of time.  The inconvenience of wearing the accelerometers may be problematic.  Another possible downfall with this device may lie in switching the data from analog, which is how the device records, to digital, for computer manipulation.  However, this apparatus will be used as our final device while it is the most economic choice, as well as the best choice data capability wise.  
The accelerometer provides use with a small, non-intrusive manner of measurement for small range motion of the patient.  This device is the only feasible idea since the other two devices require the computer interface to be near-by (or in the case of the gait sensors, to be between the cameras).  The client requested that the patient be able to wear the device for an entire week so as to provide us with a full range of data encompassing the full range of symptoms for the patient.  Observing the patient only in clinic does not provide us with a realistic idea of how severe the patient’s symptoms are on a day to day basis.       
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Figure 2: Accelerometer

Social

The third aspect of quality of life that we are addressing and testing is the social aspect.  This realm of testing will allow us to understand how the patient’s relationships and interactions in society and out of his/her home has changed, and hopefully improved.  The thought behind this is that while experiencing the symptoms of Parkinson’s, or other movement disorders, patients find it hard to leave the home not only for physical reasons, but also for emotional reasons as well.  If after deep brain stimulation, their symptoms have been reduced, then it is believed that they will be able to leave the house more and will engage in healthier relationships with people outside of the home.  This increase in social interaction can then be correlated to an improved quality of life. We toyed with a few ideas of how to test people’s social interactions in society.  

Design 1: Personal Journal


The idea behind the personal journal is that the patient keeps a log of what went on during their day.  They would write where they went, places outside of the home, and how easy it was for them to do this (physically and emotionally).  They could also write whom they were seeing or what the purpose of their trip was.  This method is reasonable because it is simple and inexpensive and very non-intrusive to the patient.  The problem with this lies in data collection being in the patient’s responsibility.  They could easily forget to write down where and when they are going places which makes it very hard to analyze the data.  The data can also be very biased, in that the patient might only write down things when they are feeling really good about themselves and what they are doing.  This would provide an incomplete data set and would provide results that represent only the positive side of the surgery.  The flip-side of this is also possible, that the patient only remembers to write when they are having a hard time. This also provides an incomplete data set that would end up reflecting rather poorly on the surgery’s effects and would not be a true representation of how the deep brain stimulation had affected quality of life. An inconclusive, or a false representation, record of events must be evaded at all costs.  Because of the high probability with a personal journal, we decided not to use this method.

Design 2: Simplified GPS


Rather than relying on the patient to keep a comprehensive record of their day, we turned toward technology to do this.  The simplest answer seemed to be a GPS, allowing us to follow the patient through their day, and not having to worry about missing pieces of the day.  We decided that smaller GPS’s would be beneficial because then the risk of the patient forgetting to wear the device is reduced.  Such devices are available on the market and in theory seem like a good idea.  The major downside with a simplified GPS is that they do not provide sufficient data storage.  The device, in a watch for instance, uses GPS to calculate such things as distance, speed, and acceleration.  It acts more like an accelerometer than the GPS that we need.  We need to be able to not only see how far the patient is going from home, but also where the patient is going – coordinates wise.  Also, a simplified system does not store the data; it would need to be recorded by the patient over the seven day period, which brings us back to the incomplete record problem previously discussed. 

Final Design: Full (Compact) GPS


The final design that we decided upon is still a GPS, but it has more capabilities than the simplified model has.  The full system will allow us to upload the coordinate of everywhere the patient traveled.  Also, because of the interface capabilities it has with a computer, allowing the uploading, we will also be able to store more data for each patient and it will be much simpler to analyze the data.  The full system fulfills all of our requirements in the data aspect of the design, which is the most important aspect of the design.  The patient’s ease of use of the system is also very important, and the GPS is actually going to be easier for the patient than the journal would be.  They only need to remember to bring it with them when they go places.  While the full system is more inconvenient than the simplified, a simple way to wear the system is a feasible idea.  
Compact systems, about the size of a palm pilot, are available that can be worn in a small pouch that would only be taken off for cleaning and sleeping.  The full system was chosen as our final design because it has all of the data capabilities that are needed, and also provides a very small inconvenience for the patient.  The only issue we are going to need to worry about with the social aspect with a GPS is the ethics of working with humans as subjects for this project and essentially we are tracking these patients so some precautionary measures will have to be taken to protect the privacy of the patient. 
Potential Problems

The biggest problem that we foresee right now is integrating and testing all of the applications that we have decided upon.  We need to make sure that all data compiled relates relevantly to quality of life in such a way that insurance companies accept it as an objective validation of the surgery
.  This is difficult to achieve because all insurance companies work differently and do not post all of their regulations for benefits openly.  We also need to consider the ethical issues regarding working with human subjects when we test and use our device.  Due to the lack of funding, we might have a problem obtaining the materials for the final device.  Hopefully all of these problems will be easily remedied before the end of the semester and we will be able to manufacture a working prototype.  
Future Work

From here, we need to do a few things.  First and foremost we need to meet with Dr. Montgomery’s patients so that we have a full understanding of what we are working towards.  We need to finalize our decisions on the three specific products that will be used (one for each mental, social, and physical aspects).  Each product used must have the appropriate data compression capabilities and memory required to accurately represent specific movements so that we can relate them to the quality of life.  Once purchased, the three devices must be integrated into one all encompassing system of measurements.  
Ethics


Dealing with patients is our main source of ethical concern.  Mainly the problem lies in that we are going to be essentially tracking the patients for a week.  With the GPS we will have a complete list of where they have been going over the week period.  Also, the small range of motion will be recorded twenty-four hours a day for a full week.  In order to gain these data sets from patients, they must be fully willing to engage in this testing.  All activities performed will be relayed to the patient before they agree to be observed.  Also, all information will be kept confidential and anonymous.  
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