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Executive Summary

Team 17.1 was presented with the problem of designing a device that assists stroke survivors in donning the Rehabilitation Institute of Chicago’s body-powered orthosis independently.  Many stroke survivors experience a tightening of the hand muscles, which makes it extremely difficult for a stroke survivor to open and close his or her affected hand.  The simplest tasks quickly become difficult chores.  The body-powered orthosis helps the user regain function in the affected arm.  
However, at present the orthosis is extremely difficult for a stroke survivor to don independently.  The main difficulty stroke survivors face in donning the orthosis is the glove.  Since the hand muscles of the users are tight and the fingers are clenched, it is difficult for the user’s fingers to properly align with and insert into the glove fingers.  The team’s mission is to design an assistive device that allows stroke survivors to put on the body-powered orthosis independently, so users may undergo rehabilitation at home.  
Over the course of seven weeks, Team 17.1 developed the Handhorn, a design consisting of a cloth-wrapped metallic piece shaped to the orthosis glove.  The Handhorn, similar to a shoehorn, keeps the glove fingers opened and aligned, allowing the user to easily slip on the glove.  The device is then removed while the user’s fingers stay in the glove.  By allowing a user to don the glove efficiently, comfortably, safely, and independently, the Handhorn allows the stroke survivor to use the orthosis at home.  
The Handhorn is compatible with a variety of gloves and requires no modifications whatsoever to the original RIC orthosis.  The simple and intuitive design will have tremendous longevity, as it is compatible with current orthoses, as well as orthoses that undergo any modifications.  No complicated instructions are necessary and no assembly is required, as the Handhorn is simple to use, store, and maintain.  Both the metallic base and the cloth wrap are extremely durable.  Another benefit of the Handhorn is the unparalleled low-cost that accompanies its simplicity.  If the device were to be mass-produced, the metallic Handhorns could literally be stamped by machines in small, medium, and large sizes with practically no labor costs required.   
With the help of the Handhorn, stroke survivors will soon once again be able to perform daily tasks such as opening a jar or pouring a cup of coffee, tasks that most people take for granted.
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The Handhorn
Introduction

Many stroke survivors have muscle spasticity, a condition in which the hand muscles are tight (Stroke Rehabilitation).  Therefore, they have difficulty opening their hands, reducing the hand’s full functions.  

The Rehabilitation Institute of Chicago (RIC) has developed a body-powered orthosis, shown in Figure 1, which allows the user to open his or her hand.  The device also helps the hand relax and regain function.  Currently, users go to the RIC and receive help putting on the device.  However, the orthotic device is intended for daily use for up to six hours a day to be most effective.  
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Figure 1: Current RIC Body-Powered Orthosis

The team’s goal was to design a device that will allow stroke survivors with muscle spasticity to don the orthosis independently.  While most users are able to don the arm portion of the orthosis successfully, they struggle with putting on the glove.  When a user’s hand is placed on a flat surface, the fingers curl and resist opening.  

The new device must be cost effective as well as light and portable.  Safety is also an extremely important factor.  Since either the left or right hand may be affected, the design must be adaptable for each user.  For more detailed information regarding the design problem, refer to Appendix A: Project Definition.
During the 7 week period from January 16 to March 11, 2006, Section 17 Team 1 gathered information, brainstormed ideas, and built and tested mockups to develop an assistive device.
There are over four million stroke survivors in the United States, and more than 700,000 new strokes occur annually (American Stroke Association).  Stroke survivors often have limited time at the RIC, so home rehabilitation is very important.  With help from the orthosis, stroke survivors can both physically rehabilitate their hands, as well as mentally and emotionally reinvigorate themselves.  They will once again be able to perform daily tasks such as opening a jar or pouring a cup of coffee, tasks that most people take for granted.
Design Concept
The Handhorn, shown in Figure 2, allows stroke survivors to put on a glove independently.  Functioning similarly to a shoehorn, the Handhorn keeps the fingers of the glove open as the user puts on the glove.  First, the Handhorn slides into the orthosis glove and aligns the glove fingers with the user’s fingers.  Next, the user places his or her hand over the edge of the table to allow the hand to relax and the fingers to open.  Then, the user slides on the glove along with the Handhorn.  Finally, the user pulls the Handhorn out of the glove.  Figure 3 shows the user putting on the glove with the Handhorn.  For a list of simple operating instructions, refer to Appendix B: Operating Instructions.
The Handhorn consists of a thin piece of metal in the shape of a hand, wrapped in a piece of detachable cloth.  The simple, low-cost, yet effective device allows users to independently don the orthotic glove at home.  For the estimated cost of the prototype and the procedure for constructing the Handhorn, refer to Appendix C: Construction Procedure and Estimated Cost of Prototype.  Not only is the Handhorn easy to use, but it is also easy to maintain.  For maintenance information, refer to Appendix D: Maintenance of Design.
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     Figure 2: Handhorn Design                       Figure 3: User Putting on Glove 

   with Handhorn
The fingers of the Handhorn are slightly curved in order to better match up with the curvature of the user’s hand.  The cloth provides some friction between the Handhorn and the user’s hand, preventing the device from accidentally slipping.  However, there is not so much friction as to prevent the Handhorn from sliding out of the glove completely.  The user can choose the color of the cloth so as to match the user’s moods and desires.  Also, from user testing, we learned that many stroke survivors take blood thinning medication.  The edges of the metal are therefore covered with cloth, as the safety of the user is the topmost priority.  For full safety analysis, refer to Appendix E: Failure Modes and Effects Analysis.
The Handhorn also doubles as a relaxation device.  Many stroke survivors are better able to relax their hands when their wrists are allowed to bend down approximately 45 degrees.  By placing his or her hand on top of the Handhorn and allowing the hand to hang over the edge of a table, the user enables the hand to become more relaxed before putting on the orthotic glove.

Benefits of Handhorn Design

Cost

· Extremely low-cost

· Easy to manufacture

Portable

· Small and light (Approximately 150 grams)
Simple

· Nearly intuitive design

· No complicated instructions or assembly required

Versatile

· Works with unmodified RIC orthosis glove

· Works with regular gloves, such as winter or gardening gloves
Components of Handhorn Design

Metal base
· Cost-effective (Less than $5)

· Thin steel sheet metal (1/32 inch thick) is easily bendable and adjustable to individual users

· Metal is extremely durable and able to support a user’s weight

Cloth wrap

· Cost-effective (Less than $3)

· Cotton material is thin and comfortable 

· Washable

· Aesthetically appealing and allows users to express themselves

· Cloth covering is tight and difficult to remove because it is designed not to be replaced by stroke survivor due to sharp metallic edges

· Provides added comfort and safety against metallic edges

· Added friction between Handhorn and hand, minimizing chance of accidental slip

Handhorn Curvature

· Better conform to the shape of the users’ hands

· Provides added comfort

· Functions more efficiently than straight fingers

· Also functions as hand-relaxation device

We tested the design alternatives at the Rehabilitation Institute of Chicago and observed users interacting with various mockup designs.  The user is a 57 year-old stroke survivor.  The user testing revealed that the Handhorn must be slightly curved, since the fingers were naturally curved down approximately 45 degrees.  Furthermore, the fingers open and relax when the wrist is placed over the table and allowed to bend down.  The low cost, high durability and tremendous flexibility of metal surpassed the polypropylene plastic and polycarbonate materials.  For full details regarding user testing, refer to Appendix F: User Testing.  We also conducted two design reviews in Engineering Design and Communication Section 17.  For the results of the design reviews, refer to Appendix G: Design Review Summary.
The cloth wraps come in a variety of bright colors, so the stroke survivor, who may be suffering from depression, is able to freely express him or herself.  The cloth wrap has purposely been designed so that it is extremely difficult for the stroke survivor to remove the wrap.  Our team determined that it would be dangerous for the stroke survivor to remove the wrap because of the metallic edges, so the user should ask for help when removing or changing the wraps.  

The Handhorn is also versatile, because it works with any glove of the correct size.  It is compatible with the current RIC glove.  Our team has also come up with modifications to the glove that will function with the Handhorn even better.  For more information, refer to Appendix H: Performance Testing.  Our team’s design incorporates comfort, durability, low cost, and function.
Background Research 

Methods

We gathered our initial information about the orthosis problem from the client interview, the internet, user observations, and an expert interview.  A brief description of each method follows:

Client interview
A client interview with Heidi Fischer on January 25, 2006 contributed to our understanding of some of the problems stroke survivors face and the purpose of the orthosis as well as various design constraints.  For more information regarding the interview, refer to Appendix I: Client Interview.
Internet

In order to learn more about the different types of stroke, their effects, and the mode of operation of the orthosis, we decided to search for articles on the internet.  We found a large number of useful websites, which included the websites for the National Stroke Association, Heart and Stroke Foundation, as well as The American Stroke Association. Refer to Appendix J: Detailed Table of Source Information, for more information.

User observation

We observed and interviewed three stroke survivors on January 24, 2006, at the Rehabilitation Institute of Chicago.  We were able to watch and learn how each of the stroke survivors wore the orthosis.  In addition, we were also able to learn what effects the stroke had on each user as well as the problems each user faced in donning the orthosis.  For details of the observation, refer to Appendix K: User Observation.
Expert interview

In order to gather more information about what materials to use for the mockups and the prototype, we interviewed Materials Science Professor Michael Bedzyk on March 3, 2006.  For full details, refer to Appendix L: Expert Interview.
Findings 

· What is stroke?

· A type of cardiovascular disease, which affects the arteries leading to and within the brain (American Stroke Association)
· Effects of stroke

· Spasticity

· A post-stroke condition which leads to the increased resistance to stretching or movement that survivors feel across affected joints (Stroke Rehabilitation)
· Interferes with hand function by causing deformity, interfering with movement, causing pain; all these translate into decreased function
· Physically limits stroke survivors’ ability to move 

· Causes muscles to tighten very easily especially when tense 

· The Orthosis

· Any medical device applied to, or around, a bodily segment in the case of physical impairment or disability (Orthotics)
· A functional support that assists or augments a person's movement

· Consists of supports in the foam cuffs, wires gloves, and straps

· Works by compensating for gravity, done with springs which are able to counterbalance the weight of users’ arms; this enables them to perform tasks more easily

· The goal of the orthosis is to provide a sense of "floatation" that would allow a person with neuromuscular weakness to move his/her arms 

Implications for Alternatives

Positioning

Stroke survivors are likely to lose their balance when donning the device.  The orthotic device should be altered or designed in such a way that it can be donned while sitting.

Cost

The orthosis is made from fairly inexpensive materials, which keeps the cost of the orthosis low (around $50).  Stroke survivors may not be able to regain full function and therefore are likely to be unemployed.  The device should therefore be fairly affordable.  Any alterations should not significantly change the cost.

Weight

Stroke survivors have more muscle weakness, so the weight of the orthosis should not inconvenience the user.  In order to actually aid rehabilitation and not cause more problems, the weight of the orthosis and any other modifications or designs should be kept at around 2 pounds.

Portability

The main purpose of the device is to aid independence; therefore, it should be portable.

Time

The current time needed to don the device is approximately 15 minutes.  It is important for the device not to take much longer to don.

Safety 

The device should be safe because stroke survivors have some reduced functionality and would not be able to easily get help in an independent setting.  The cuffs, wires, gloves, and any additional designs should therefore be durable and have no sharp or rough parts.

Complexity
Because stroke survivors may have memory loss, the orthosis should be easy to don without complicated instructions.  The process for donning the orthosis should be straightforward and logical.

Aesthetics

Depression is common among stroke survivors, since they have to adjust to social barriers as well as physical barriers (Life After Stroke).  The orthosis-donning device should therefore be visually appealing yet not too conspicuous so the user would be socially accepted by peers.

Neglect

Stroke survivors may often have decreased function and vision on either the right or left side (Life After Stroke).  The device should therefore have visual cues, and should have many openings to allow the user to see his or her hand while donning the device.

Alternatives
Concepts
Alternative 1 – Handhorn concept

The Handhorn concepts, shown in Figure 4, keeps the hand open while guiding the hand into the glove.  A sketch of the concept is shown in Figure 5.  This alternative consists of a four-fingered, hand-shaped sheet of polycarbonate, polypropylene, or sheet metal.  The user places his or her hand on top of the Handhorn with the fingers extended over a table.  Then, the glove is slipped onto the fingers using the other hand.  After the fingers are in the glove, the user slides the Handhorn out of the glove.

This alternative is intended to answer the following questions:

· Is the user able to open his or her hand using the hand-horn?

· Which material works best (i.e. rigid, but not too thick)?
· Do the thicker materials make it too difficult for the user to slide his or her hand into the glove?
· Can the Handhorn be used in another way to solve the problem of donning the orthosis glove?
[image: image5.jpg]


[image: image6.jpg]




 INCLUDEPICTURE "https://depot.northwestern.edu/meas/2006_wq_106-1_17/general/Team%201/Pictures/IMG_6983.jpg?uniq=-bvdy7x" \* MERGEFORMATINET [image: image7.jpg]



Figure 4: Metallic, Polypropylene, and Polycarbonate Handhorn Concepts




Figure 5: Handhorn Design Concept Sketch
Alternative 2 – Orthosis Stand concept

The Orthosis Stand, shown in Figure 6, is intended to help the orthosis wrap around the user’s back.  This alternative consists of a base with a vertical stand supporting a horizontal, u-shaped piece with hooks.  The user hangs the orthosis on the hooks of the horizontal piece, and backs into the stand, tightening cuff pieces on his or her arm.  When the user has secured the orthosis, he or she lifts the orthosis over the hooks and steps away from the Orthosis Stand.

This alternative is intended to answer the following questions:

· Does the stand put the orthosis in the correct position to be donned?
· Is the user able to don the orthosis using the stand?
· How aesthetically pleasing will the stand be in the user’s home?
· Does the stand successfully solve the problem of wrapping the orthosis around the user’s back?

[image: image8] 
Figure 6: Orthosis Stand

Alternative 3 – Blood Pressure Cuff

The Blood Pressure Cuff, shown in Figure 7, is intended to facilitate the tightening of the cuff of the orthosis device around user’s arm.  The Blood Pressure Cuff alternative is meant to replace the current orthosis cuffs, and make tightening with one hand easier.  To tighten, the user only needs to pump air into the cuff using one hand.
This alternative is intended to answer the following questions:

· Is the user able to tighten the blood pressure cuff by pumping air with one hand?
· Is the air pressure in the cuff enough to hold the cuff securely to the arm?
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Figure 7: Blood Pressure Cuff
For more details regarding the three selected alternatives, refer to Appendix M: Alternative Mockups and Lessons Learned.  For information regarding all ideas generated, refer to Appendix N: Brainstorming.
Testing
We did user testing at the Rehabilitation Institute of Chicago on Feb. 14, 2006 with Betty, a stroke survivor.  These tests helped us determine potential flaws with our designs, and potential modifications.  For further information, refer to Appendix F: User Testing.
Handhorn Design
We gave the many variations of our Handhorn design to Betty to see if the design successfully solves the problem of donning the orthosis glove.  We also wanted her input as to which material she liked best.  We found:

· She was not able to open her hand when it is on a flat surface

· She was not able to get her fingers into the glove because she could not see the holes for the fingers in the glove.

· Her fingers did not stay aligned with fingers of the Handhorn.
· Her fingers did open if her wrist bent down approximately 60 degrees.

· She did not like the metallic surface because her hand, which was sometimes sweaty, slid on the Handhorn.
Orthosis Stand
Our mockup of this alternative was not a functioning mockup because it could not support the weight of the orthosis.  We showed Betty the design and asked her some questions.  We found out that she likes the concept of the orthosis stand, and that she can imagine using it in her home.

Blood Pressure Cuff
In order to test the Blood Pressure Cuff, we had Betty try it on.  Betty, a former nurse, was very comfortable using this cuff design, and we found out that the air pressure is enough to secure the cuff to the user’s arm.  The only problem we found is that the cuff could potentially be tightened too much, cutting off circulation.

Evaluation
From the user testing, we have decided to focus on improving the Handhorn alternative.  We received very useful information from Betty on how to improve the design.  This alternative addresses the problem of getting the fingers into the glove, which we have established as the biggest concern.  Table 1 shows our decision matrix evaluating our three mockup designs

Table 1: Weighted Decision Matrix for Mockups
	
	Hand-Horn
	Orthosis Stand
	Blood Pressure Cuff

	
	Raw
	Weighted
	Raw
	Weighted
	Raw
	Weighted

	Cost (x1)
	++
	++
	++
	++
	++
	++

	Ease of Use (x1)
	--
	--
	0
	0
	++
	++

	Portability (x1)
	++
	++
	--
	--
	++
	++

	Aesthetics (x1)
	0
	0
	+
	+
	+
	+

	How Well It Solves the Problem (x2)
	++
	++++
	-
	--
	--
	----

	
	++++
	++++++
	0
	-
	+++++
	+++


KEY

++ = Satisfies requirement extremely well

+ = Satisfies requirement adequately

0 = Neutral

- = Does not satisfy requirement adequately

-- = Satisfies requirement extremely poorly

The most important category in the decision matrix is how well the alternative solves the problem of donning the orthosis.  We decided that the greatest problem with donning the orthosis is the glove, and therefore, the Handhorn, being the alternative that best solves the problem, was chosen as the alternative to pursue.
From user testing information, we also established that the Handhorn should be used in another way, since the user had extreme difficulty trying to align her fingers with the Handhorn’s fingers.  Since the user’s fingers actually opened up when the wrist was bent down, the Handhorn could serve as a guide and a prop for the glove, instead of trying to force the fingers to align.  We determined that a better use for the Handhorn would be first to slide the glove onto the Handhorn, then slide the glove, along with the Handhorn as a prop, over the user’s fingers.  
Next Steps

The Handhorn design has proven to be a low-cost, comfortable, and effective solution in assisting stroke survivors don the RIC orthosis glove, based on research, user observations, and user testing.  Users may also use the Handhorn as a relaxation device, by allowing the hand to rest with the wrist slightly curved down.

To carry the design to the next stage, we recommend continued work in the following areas:

RIC Orthosis Modifications.  While our team focused on the glove problem in donning the RIC orthosis, other portions of the orthosis may also be modified or new design ideas implemented in order for the user to don the orthosis more efficiently.  Due to time constraints and limitation of resources, we did not modify the other parts of the RIC orthosis.  Further questions to investigate include:

· What other portions of the RIC orthosis may benefit from modifications in order to assist the user in donning the device?

· Could the cuffs, which are heavy, difficult to put on, and expensive, be replaced by an alternative device, such as a blood pressure cuff that tightens when pumped?

· How might further modifications and simplifications be made to the wiring mechanisms of the orthosis without sacrificing functionality?
Orthosis Supports

· Are there other physical structures that may help the user in putting on the orthosis?

· Could a stand that resembles a coat hanger be built to aid the user in putting on the orthosis so that the user does not have to swing the entire device behind the back?

· Would a support below the user’s arm aid the donning of the orthosis glove?

Materials.  The use of other materials may further improve functionality or cost.
· What other materials, in place of sheet metal, are possible for the Handhorn?

· What other materials are possible for the Handhorn covering?

Safety.  Because the Handhorn is made from sheet metal, the edges may still be sharp despite careful filing.  The user, who has had a stroke, may be unable to feel the edges and accidentally cut him or herself.  Questions to investigate include:

· Would thickening the edges be effective in reducing the probability of a cut?

· If so, how thick could the edges be made without sacrificing functionality?

· Could thin plastic strips be used surround the edges for safety, much as an ice skater’s boots are protected by plastic when off the ice? 

Storage.  One of the design requirements is that the device be portable as well as easy to store.  Storage of the Handhorn must maintain the ideal bend angle of the Handhorn.
· How could the user safely store the Handhorn?

· What carrying case could be designed in order to facilitate storage?

Comfort.  The angle of bending of the Handhorn fingers is extremely important for comfort.  Further questions to investigate include:

· Does the angle of bending for maximum comfort differ significantly for different users?
· How far from the tips of the Handhorn fingers should bending begin to maximize comfort?
· How might the shape of the Handhorn handle be modified for increased comfort?
· Since the user’s hands sometimes sweated profusely, how could the orthosis glove be modified to further encourage ventilation?
· What other materials besides cloth for the Handhorn covering could be used in order to increase or decrease friction between the Handhorn and the user’s hand?
Manufacturing.  In prototype construction, every piece was hand-built.  However, if the device is mass-produced, then there must be strict specifications for a computer to follow in the construction of the Handhorn.  In addition, materials must be selected in order to be both durable and low-cost.

· What specifications are necessary in order for a machine to completely manufacture the Handhorn?

· How could the manufacturing process also allow for flexibility, such as when users’ hands are different sizes, or when different users prefer different angles of bending?

· What materials are easiest for a machine to cut and manufacture?

· What materials are both extremely durable and low-cost in mass manufacturing?

· Which parts of the Handhorn may be omitted without sacrificing functionality in order to keep costs low?
For further information about possible future designs, refer to Appendix O: Future Designs.
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Appendix A: Project Definition

Project name:  RIC Orthosis Project

Client: Heidi Fischer, Dr. Derek Kamper

Team members: Morayo Adebowale, Michael Craig, Kevin Hsu, Siu-Hin Wan

Mission Statement: To design a device and/or modify the current orthosis for the Rehabilitation Institute of Chicago so stroke survivors with wrist and hand impairments are able to don the body-powered orthosis independently, quickly, and comfortably while sitting.

Constraints
· Cost less than $50
· Should weigh less than 2 lb
· Must be adaptable for both right and left handed users
· Device or modifications cannot change the current function of the arm-hand orthosis
Primary Users
· Stroke survivors with hand-wrist spasticity, who have difficulty opening their hands

· The family and friends of stroke survivors, who interact with the orthosis and may help users don the device

· Employees of RIC who work with stroke survivors and adjust or help the user don the orthosis

Secondary Users and Stakeholders
· The client (Heidi Fischer and Dr. Derek Kemper)

· Rehabilitation Institute of Chicago

· People who are in the RIC rehabilitation program, including those who do not directly use the orthosis

· Those who maintain or repair the orthosis

· Employees or employers with whom the stroke survivors work

· Northwestern University
Below is Table 2, which shows the requirements and specifications of the project.
	Requirements
	Specifications

	Independent Use

· No requirement for external assistance

· Ability to complete daily tasks (e.g. zipping a zipper, closing the cap on a bottle, or buttoning a shirt) with both hands
	· Can be donned in approximately 15 minutes


	Ease of Use

· Ability to don while sitting

· Ability to use without complex instructions

· Light in weight
	· Approximately 2 pounds


	Safety and Comfort

· No sharp edges

· Minimize skin chafing

· Stability while donning
	· Soft materials such as plastic or cloth

· Lots of padding on the device

· Wide leg supports for the orthosis to give added stability

· Finger supports angled down 45 degrees for comfort
· Padding on metal to reduce friction between supports and hand

· Must not cut off circulation to hand

	Aesthetic

· Visually appealing

	· Minimal exposed metallic sections

· Tasteful design (i.e. will not draw stares when device is used in public)

	Maintenance

· Easy to clean and store
	· Must be small and lightweight

· Must use materials that are easy to clean (e.g. plastic but not wood)


Table 2: Requirements and Specifications
Appendix B: Operating Instructions

1. Sits in a chair with the affected arm resting on top of a flat surface

2. Place the Handhorn on a table with the fingers hanging over the edge.  The Handhorn fingers should be curved down.

3. Hold down the back of the Handhorn with the affected arm.

4. Slide the glove onto the Handhorn, making sure all the glove fingers except the thumb fit securely with the Handhorn fingers.

5. Pick up the setup with the unaffected hand, being careful to hold the glove in place on the Handhorn.

6. Place the affected hand over the table edge and allow the wrist to bend down and the fingers to relax.

7. Slide the Handhorn setup over the fingers to put on the glove.  The Handhorn is used as a guide to keep the glove fingers opened and aligned as the glove is slid onto the hand.

8. Once all fingers are in the glove, rest the entire gloved hand on a table top and remove the Handhorn.

9. Secure the glove around the hand with Velcro.
Appendix C: Construction Procedure and Estimated Cost of Prototype

The following describes how team 17.1 constructed the Handhorn.  Mass-manufacturing construction procedures would be different.

1. Using the orthosis glove as a template, draw an outline for the Handhorn on a piece of sheet metal.  Insure each finger is slightly narrower than the fingers of the glove so the fingers of the Handhorn could be inserted into the glove.  

2. Extend the metal about seven inches longer than the length of the glove and widen the outline at the end to create a handle.  The total  length of the Handhorn should be approximately 14 inches.

3. Cut out the sheet metal according to the outline.

4. Using a file and sandpaper, insure that the edges of the sheet metal are not sharp.

5. Bend the wrist of the Handhorn approximately 20 degrees using a table edge for leverage.

6. Curl the fingers of the Handhorn slightly so that they better fit the shape of a user’s fingers.

7. To create a cloth covering for the Handhorn:

a. Cut out a piece of fabric large enough to cover the Handhorn.

b. Sew the fabric to the size and shape of the Handhorn.

c. Reverse the fabric so the threads are not showing.

Estimated Cost
Sheet metal is very inexpensive.  A piece the size of the Handhorn should cost no more than five dollars.  The raw materials for optional add-ons such as the cloth coverings are also very inexpensive.  The fabric used should cost less than three dollars.  Both items would cost considerably less if mass-produced.
Appendix D:  Maintenance of Design
Maintaining the Handhorn is very easy due to the removable cloth covers.  These covers, made out of cotton and polyester, are 100% machine washable and should be washed periodically to maintain a clean Handhorn.  The covers can be washed and dried with normal laundry.  The metal part of the design may be maintained by washing with a sponge, using soap and water, then quickly drying with a cloth or paper towel.  The metal Handhorn does not need to be washed often as long as the covers are used.

It is also important to be careful when handling the Handhorn device because the sheet metal bends quite easily.  Bending the Handhorn in any way may disrupt the functionality and the fit of the Handhorn into the orthosis glove.  Therefore, it is important to handle the Handhorn with care.  If the Handhorn is bent out of its original shape, it can be bent back to a desirable shape that functions with the glove.

The metallic portion of the Handhorn has a smooth, reflective coating which prevents rusting.  However, because the Handhorn is made of metal, rusting is possible after prolonged use.  For this reason, do not store the Handhorn in humid environments.  Try to keep the Handhorn free of water and liquids that may cause rusting.

Appendix E: Failure Modes and Effects Analysis
Below is Table 3, which analyzes the effects of failure modes.

Table 3: Failure Modes and Effects Analysis
	Item
	Failure Mode
	Failure Cause
	Failure Effect on Component
	Failure Effect on System
	Failure Detection Method
	Severity*
	Frequency**
	Part Failure Score
	Action

	Handhorn Fingers
	Metal can bend out of shape
	Stresses applied to metal over time
	Difficulty in manipulating glove or removing the Handhorn.
	Straightens out or bends to another awkward shape
	Visual
	2
	3
	6
	Some method of retaining shape / User gets Handhorn checked periodically

	Handhorn Edges
	Pressure applied on rough edges
	User drops Handhorn or applies too much pressure on an edge
	Non-functional
	Cuts/injures user 
	Visual, Pain
	4
	2
	8
	Depending on the stroke survivor’s ability to handle the Handhorn effectively, cloth covering could be used for the hand horn  or  hand horn could be made of a different material

	Handhorn Base
	Scratched
	User stores Handhorn with sharp objects
	Lost of aesthetic appeal
	May damage cloth covering
	Visual
	1
	3
	3
	Add extra coating to metal

	Metallic Portion of Handhorn
	Rust
	User stores Handhorn in humid environment
	Lost of aesthetic appeal
	None
	Visual
	2
	1
	2
	Add extra coating to metal

	Handhorn
	Metallic piece snaps in half
	Excessive force applied to Handhorn
	Non-functional
	Non-functional
	Visual, Pain
	5
	1
	5
	Thicker, reinforced metal.


*Severity Values (user/device) 




**Frequency Values
1 = mild annoyance/visual but not functional defect


1 = 1in 10,000 uses

2 = moderately irritated/ damaged part, still functional

2 = 1 in 1,000 uses

3 = really irritated/damaged part, reduced functionality

3 = 1 in 100 uses

4 = Minor injury/device requires replacement


4 = 1 in 10 uses
5 = Major injury/device requires replacement

Appendix F: User Testing
Date:  February 14, 2006

Time:  3:00 – 3:45 pm

Duration:  45 minutes

Location:  The Rehabilitation Institute of Chicago

Condition of observation: Clinical setting with research professionals in attendance in addition to the user.

User:  Betty

Betty is a 57 year-old nurse who had a stroke on October 9, 2001.  Her right arm has been affected and is often tight and clenched.  Betty performed several tasks with the mockups.  We did not tell her how they were intended to be used, therefore testing the intuitiveness of our designs.  The data collected for each mockup design is as follows:

Hand-Horn

In user testing, the user could not flatten her hand completely on a table.  When her wrist was at a horizontal angle, the fingers were too tight to open.  When her wrist is tilted downward, her fingers became less tight.  Therefore, we immediately made modifications to our Handhorn mockup by bending the piece of sheet metal down over the edge of a table.  Doing so relaxed the user’s hand tremendously, and her hand was almost fully opened.  Another problem we encountered was that the user’s fingers were not staying aligned with the Handhorn.  The pinky finger was curled toward the other fingers, and therefore, the Handhorn did not work as intended.  In addition, the user stated that she was unable to see her fingers at all and must feel her fingers with her other hand.  Finally, we found that the user had trouble guiding the Handhorn, along with her fingers, into the correct fingers in the glove.  Also, the pinky finger of the Handhorn was too wide, which prevented the user from slipping the glove over her fingers.

Orthosis Stand

The mockup was a “looks-like” mockup, and therefore was unable to test for the functionality because it did not support the weight of the orthosis.  The user was enthusiastic about the idea, and said that she could see herself using it in her home.

Blood Pressure Cuff

The user put on the blood pressure cuff quickly and easily.  The user slid it onto her arm and had the cuff secured in about one minute.  The user said that if we could incorporate this cuff into the current orthosis, it would greatly facilitate donning the device.  The user did point out, however, that the blood pressure cuff could cut off circulation in the user, and that some users may not even feel that their circulation has been cut off.  Therefore, there are some problems that need to be overcome in employing this cuff design.  We could determine the minimum air pressure needed to secure the cuff tightly to the arm, while not cutting off circulation.  This can be quantified easily with the pressure gauge on the blood pressure cuff.

Observational/Interview Data:

User name: Betty

Age: 57

Gender: Female

Location: Indian Head Park

Occupation: Nurse

Affected Side: Right

Date of Stroke: October 9, 2001

Getting used to not being able to use her arm has been most difficult for her.

Below is Table 4, which includes observations, opportunities, and design ideas or modifications.

Table 4: User Testing Observation Analysis

	Observations/User Comments
	Opportunities
	Design Ideas

	Hand Horn
	
	

	· Unsuccessful putting on glove
· From 1 to 10 (1 being most difficult, 10 being easiest), hand horn as is would be ranked 1 because user unable to put on glove
· Wrist angled down approximately 60 degrees relaxes fingers

· Trouble getting fingers and hand horn into glove
· Confusion because user initially thought hand horn should first go into the glove instead of first placing the hand on the hand horn first

· Can see her fingers better if everything is elevated

· Would use at home if functioned correctly

· Pinky finger of hand horn seemed to be too wide

· Index finger seemed to be tightest
· Pinky finger curled toward other fingers, slipped off of hand horn finger
· Repeatedly tried to feel with left hand if fingers of the right hand are completely in the glove
· User expressed extreme dislike of RIC glove

· RIC glove too heavy

· User’s hand sweated, so hand became hot and uncomfortable inside highly insulated glove

· Edges are sharp

· Arm slid on top of the metal because of sweat
	· Modify device so it allows the user to successfully put on the glove

· Device allows hand to bend down

· Make device more intuitive

· Elevate device

· Make device more conspicuous

· Make finger supports smaller

· Insure fingers stay in place

· Allow user to see fingers inside glove

· Use lighter glove

· Use softer material

· Use materials that absorb sweat

· Use materials that are slippery on the hand side and have high friction on the bottom side
	· Bend the hand portion of the hand horn down 60 degrees

· Have written instructions

· Have short, labeled instructions on hand horn

· Add straps to hand horn 

· Put small blocks of metal below the hand horn for elevation

· Use bright colors

· Allow adjustable fingers on the device

· Use pegs at edges of hand horn

· Use Velcro straps

· Have walls on the edges of the device

· Cut holes on the top of the glove

· Use clear plastic on the top portion of the glove

· Use materials that allow air to pass through glove

· Use thin cloth for glove

· Cover sharp edges with tape or cloth

· Use plastic instead of metal

· Use cloth to cover metal hand horn

	Orthosis Stand
	
	

	· User liked the idea

· Could be used as a coat hanger as well

· Needs to be disassembled and assembled easily to transport home


	· Allow clothes to be hung on device

· Assembled from parts
	· Add hook to other side of device

· Use wood, which is light and can be easily assembled

· Use plastic



	Blood Pressure Cuff
	
	

	· She got it on easily and tightened it with no problem
· From 1 to 10, with 10 being the easiest to use, the cuff would be 10

· Some patients may not be able to feel if they are cutting of circulation
· Took about 1 minute to get on
· One or two cuffs?
	· Must not cut off circulation


	· Specify pressure on gauge to be used

· Similar effectiveness, so one cuff would be simpler


User Response

· User seemed to be in a good mood, never impatient

· User seemed open to trying out more radical designs 

Other Observations or Information

· Many stroke survivors may be taking blood thinning medication, so it is extremely important that the device has no sharp edges that could cut

· Many stroke survivors have trouble swallowing, so there should not be any straps tight around the neck 

Appendix G: Design Review Summary

Date: February 22, 2006

Time: 2:30 – 3:30 pm

Duration: 1 hour

Location of Interview: Ford Building G201
Tables 5 and 6 summarizes the design reviews.

Table 5: Design Review 1 Summary
	Reviewer Likes
	Reviewer Dislikes
	Possible Features to Add
	Possible Features to Remove / Modify

	- The Handhorn relaxes the stroke survivor’s fingers.


	The metallic Handhorn edges is sharp and may be dangerous.
There may be technical problems.
The metal base is not very stable.
The Handhorn may not fit every user’s hand size.
Different people’s hands may not be bent to the same angle.
	Use a covering for the Handhorn.
Use supports to prevent the bend from being lost over time.

Use epoxy to securely glue Velcro pieces to metal.


	File the edges more.

Use a different material.

	The Blood Pressure Cuff safely attaches to the user’s arm.

It is much less expensive than the prosthetic cuffs.

The device is simple to use.
	The Blood Pressure Cuff restricts movement.

The cuff may develop leaks over time.


	A different cuff may be used; one which has fasteners that can be used to remove the attachments after pumping.
	Don’t use the ordinary Blood Pressure Cuff because there is no easy way to disconnect the pump and gauge.


Additional Comments / Questions
Could the Handhorn be made out of plastic?
Should the fingers of the Handhorn be curved?
The metal could be curved around the fingers to provide walls that prevent the finger from slipping.
Use Styrofoam to make the Handhorn?
Two gloves could be used with the hand horn; one is to secure the user’s fingers in position and the other is the orthosis glove.
Date: March 1, 2006

Time: 2:30 – 3:30 pm

Duration: 1 hour

Location of Interview: Ford Building G201

Table 6: Design Review 2 Summary

	Reviewer Likes
	Reviewer dislikes
	Possible Features to Add
	Possible Features to  Removed / Modify

	The cover for the Handhorn makes the design safer and more aesthetically pleasing.
The Handhorn works better with the new method. 
Safety has been improved.          
	The design is not very intuitive to the user. 
	Use instructions.
	The cloth surface may slightly hinder its function, so use a thinner cloth with medium friction.

	The poster does not have too much text.
The title is creative.
	The color of the text makes it difficult to see with the current background.
The picture of the second user diverts attention to the straps while our design is mainly about the glove. 
	The steps to put on the device need to be added.
	The current color scheme needs to be changed.

The statement of the problem needs to be more specific.


Additional Comments

Should the thumb be included on the Handhorn?

The text of the poster may need modification.

Appendix H: Performance Testing
Modifications have been made to the orthosis glove for an even greater compatibility between the glove and the Handhorn.  The bottom portion of the glove finger sides have been cut away to allow the user to slip his or her hand into the glove even more easily.  Also, slots line the glove fingers, which allow the user to have a visual cue as to whether or not the fingers have successfully gone into the glove.  The entire palm portion of the glove has also been cut away.  Modifying the glove as well as using the Handhorn will allow the user don the glove even more efficiently.  

In order to determine how much of the base of the glove finger to cut out in order to facilitate donning the glove, we carried out a test to determine the best length to cut out.  We performed this test on a rubber glove because it is easier to cut than a leather glove.  Below is Table 7, which shows the results from performance testing.

Test Procedure for Cutting Out Base of Glove Fingers

1. Cut out palm of glove to the base of each finger so that it resembles the cut away palm of the mockup glove

2. Don glove using the Handhorn and make observations

3. Cut off half of an inch from the base of each finger, don glove and make observations

4. Cut off to the first knuckle of finger, the knuckle closest to the base of the finger, don glove, and make observations

5. Cut off another half inch, don glove, and make observations

Table 7: Results from Performance Testing

	Length Cut Off From Base
	Observations

	0 in.
	· Difficult to get fingers into the glove

· Also hard to see where fingers are going in glove

· Difficult to get Handhorn into glove correctly

	0.5 in.
	· A little easier to get fingers into the glove

· Still hard to see where fingers are going

	To first knuckle, closest to base of finger
	· Much easier to get fingers into glove fingers

· Can see that fingers are in correct glove fingers

· Fingers stay in glove without any problem

	0.5 in. more
	· Easy to get fingers into glove fingers

· Easy to see where fingers are

· Fingers do not stay in glove fingers when the Handhorn is removed

· Difficult to get glove to stay on Handhorn before sliding onto fingers


Appendix I: Client Interview
Interview Guide

· Extent and Effects of Stroke

· What is the extent of the stroke?

· What are the effects of stroke?

· What social or emotional elements related to stroke must be considered?

· How much can the stroke survivor use the other hand in helping to don the orthosis?

· How does stroke change the survivor’s lifestyle?

· What are the different types or variations of stroke?

· User Groups

· For which age groups will the device be used?
· What other groups do we need to consider besides the stroke survivor and the client?
· Client Constraints

· Which aspect of the device is most important (cost, aesthetics, comfort, durability, etc.)?

· Are there any special requests of the client in our design?

· What are the cost requirements?

· How heavy or light is the orthosis by the client’s judgment? 
This is to prevent any additions that that would make it too heavy for use especially if the client is just strong enough to use it.
· Competitive and Model Products

· What is the current method of donning the orthosis now?

· What sorts of these devices are available on the market?

· Has the client previously used a device to don the orthosis?  

· How has it worked?  What was good or bad about previous models?

· Design Requirements

· Does the device need to be portable? 

· Does the device need to support a variety of different models of orthoses?
· Should the device be able to work with both the right and left hands?
· What materials are safe to use in constructing the device?

· How durable would the device have to be?
· Operation of Orthosis

· What part of the device is difficult to assemble independently?

· What does the glove on the device that we are modifying do to help movement?

· How is the device powered by one's body? 

· Does it hook up to a certain part of a user and then draw power from body systems?

· How will the device fit with the current orthosis?

Interview Summary
Date: January 17, 2006

Time: 6:00– 7:00 pm
Duration of observation: 1 hour


Location: Technological Institute
Subject: Heidi Fischer
Purpose: To better understand the orthosis project problem
Topics and key points:

· Stroke Survivors

· Usually have full range of motion in unaffected hand

· Affected hand may tighten when not relaxed

· In initial trial, took 15 min. to put on device, but was unable to put on glove
· Purpose of Orthosis
· For home rehabilitation, independence

· Ability to complete daily tasks with both hands, e.g. zip jacket, open jar

· Design Requirements

· Some stroke survivors must sit when donning the orthosis because they may lose balance when standing

· Under $50

· Must be durable: currently, wires and cuffs will not break, but glove or zipper may break with use

· Do not exceed weight of current prototype, ~2 lb

· Portability is optional, varies with demands of user (One user takes device everywhere, even to supermarket)

· Time necessary to put on device is secondary to making sure user is able to put on all parts of device successfully

· Safety: no sharp edges, rough cables

· Structure of Orthosis

· All body powered orthoses built at RIC are the same except for the glove portion, which varies according to hand size

· Hope to eventually have different tensions for each string attached to glove

· Right or left handed

· Further Questions

· How much of the orthosis itself can be modified, provided the function of the device does not change?

· Should the final design include a completely assembled orthosis, or one that requires the user to assemble the parts while donning the device?

· How should the device look?  (Social aspects)

Appendix J:  Detailed Table of Source Information
	Source
	What we learned

	http://abcnews.healthology.com/focus_index.asp?b=abcnews&f=stroke
	· Spasticity is a common effect of stroke, resulting in muscle tightness

· Spasticity impacts not only stroke survivors, but also family and friends

· Spasticity greatly inhibits everyday activities

	http://www.strokeassociation.org/presenter.jhtml?identifier=1200037
	· What can be done to reduce the risk of stroke?

· There are many effects of stroke, including physical effects, communication and swallowing problems, and behavioral effects

	http://www.betterhealth.vic.gov.au/bhcv2/bhcpdf.nsf/ByPDF/Stroke_the_after_effects/$File/Stroke_the_after_effects.pdf
	· The most common type of stroke is an ischemic stroke, where a blood clot blocks an artery or vessel

· Different functions of various parts of the brain

	http://abcnews.healthology.com/webcast_transcript.asp?b=abcnews&f=stroke&c=stroke_patpersp&spg=FIF
	· Personal accounts of stroke survivors and how muscle tightness has affected not only themselves, but family and caregivers as well

	http://abcnews.healthology.com/webcast_transcript.asp?b=abcnews&f=stroke&c=stroke_spasticity&spg=TRNI
	· The impact of spasticity in everyday life is enormous

· The most common form of spasticity that we see is tight muscles in the arms with arms against the chest, or abnormal walking posture

	http://info.stroke.org/site/PageServer?pagename=EFFECT
	· Discuss the differences between right hemisphere, left hemisphere, cerebella, and brain stem strokes

	http://info.stroke.org/site/PageServer?pagename=las
	· Discuss more effects of stroke, including memory loss, depression, neglect, communication problems

· There is tremendous pain that stroke survivors endure in life after the stroke

	http://ww2.heartandstroke.ca/Page.asp?PageID=110&ArticleID=4273&Src=stroke
	· New advances in technology for treating stroke patients

· Advanced MRI machines help doctors rapidly identify which areas of the brain have been affected by stroke

· Robotic rehab is also implemented to help stroke survivors resume daily life

	http://www.mamc.amedd.army.mil/referral/guidelines/pmr_assistivedev.htm
	· The function of orthotic devices

· How orthotic devices should be used and maintained

	http://www.vard.org/jour/00/37/6/rahma376.htm
	· Information on body powered upper limb orthosis

· The use of gravity compensation in this orthosis device

	http://www.media.mit.edu/research/ResearchPubWeb.pl?ID=1106
	· Information on various orthotic devices that are being worked on by groups at MIT


Table 8, below, shows detailed information from different internet sources.

Table 8: Detailed Source Information

Appendix K: User Interviews and Observations

Date: January 24, 2006

Time: 2:00– 4:00 pm
Duration of observation: 2 hours


Location: The Rehabilitation Institute of Chicago

Condition of observation: Clinical setting with research professionals in attendance in addition to the users.

Observational Interview data

Three users were observed putting on the device. The orthosis was worn first by putting on the cuffs and straps and then the glove. It took approximately 15 minutes. Two of the users needed help to don the glove, because their fists clenched very easily. The other user found it easier to put the glove on since he had more control of his hand.

Users and sub-groups

· User 1

· User 2

· User 3

Below is Table 9, a summary of the information and observations from user interviews.

Table 9: User Observations Summary

	User
	Stroke effects
	Problems encountered in donning the device
	Strengths in donning the device 

	User 1
	· Left Hand affected

· Spasticity; fingers tightened very easily
· Drooped wrist
	· Difficulty in getting the straps on the arm pieces through
· Could not get fingers into the glove

· Fingers curled up again after manipulation with unaffected hand
· Increased difficulty in relaxing fingers over time
· Help still needed to tighten the straps after glove is worn

· Difficulty in making adjustments to the correct tightness
	· Affected hand could be used to stabilize the device
· Could use unaffected hand to manipulate fingers
· Relaxing fingers reduced tightening to a point where the glove could be worn

	User 2
	· Right hand affected
· Spasticity
	· Strap for upper arm piece needed to be reversed to accommodate affected right arm
· Difficulty in attaching the glove to the rest of the orthosis
	· Able to get fingers into the glove more easily than User 1
· Able to put on shoulder piece

· More comfortable when arm was supported with a table
· Turned wrist over or dropped wrist to relax fingers

	User 3
	· Right hand affected
	· Difficulty in securing the upper arm piece
	· Able to independently put on the glove
· Able to open and close affected hand independently of the other hand
· Affected hand could be used to put on the device


Figures 8 to 12 below show how the orthosis is donned.
Pictures
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Appendix L: Expert Interview
Date: March 3, 2006

Time: 3:00 – 3:20 pm

Duration: 20 minutes
Location of Interview: Ford Building

Materials Science Expert: Professor Michael Bedzyk

Purpose of Interview: To get Professor Bedzyk’s opinion on the materials to be used in construction of the Handhorn.

Handhorn Material Analysis

Sheet metal
A good material to use because it is thin, strong, inexpensive, and malleable.

Fabric covering
Covering the Handhorn with fabric may be somewhat unnecessary.  The device is not in contact with a user’s hand for very long making sweat a minor issue.  However, the covering does slightly help with safety.  A very thin cloth glove, called a “glove bag” glove, may be used.
Sharp edges
The edges of the Handhorn seem filed down enough currently; covering edges with tape should only be employed in extreme cases.

Paint
Enamel paint might make edges less sharp and allow for an aesthetically pleasing device.

Thin plastic coating
Covering the device in a plastic lining might make the edges less sharp.
Glove Modifications

Edges of fingers
The tension in the device might make the glove fingers flop off of a user’s knuckle.

Archer glove
The straps in an archery glove are of a similar make and stay in place.  However, there are only three fingers on an archery glove.

Use with original glove
If the Handhorn works properly with the original glove, modify the mission statement to specify getting the glove on, not improving the glove.  Further testing should reveal more answers.

Appendix M: Alternative Mockups and Lessons Learned

The Orthosis Stand

The Orthosis Stand, shown in Figure 13, works as a stand on which the orthosis can be hung. The user can put their whole arm through the various parts of the orthosis and adjust the strap while the orthosis hangs stationary. When complete, the user can then move away from the stand carrying the orthosis. This mockup could not be tested, because the non-functional mockup was not able to carry the weight of the orthosis.
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Figure 13: Orthosis Stand Mockup
The Metallic Handhorn

The initial design of the Handhorn, shown in Figure 14, functions as a support for the affected hand of the stroke survivor.  The fingers can relax so the glove can be slid on.  There was difficulty in ensuring that the fingers were relaxed enough for the glove to be worn with the hand horn because spasticity levels vary from user to user. The design was altered so that instead of supporting the fingers, the Handhorn works as a device to prop open the fingers of the glove before the user slides the glove onto the hand.

[image: image16]
Figure 14: Metallic Handhorn Mockup
The Plastic Handhorn

The two mockups shown in Figure 15 worked basically the same way as the initial metallic Handhorn design. It could not be used because the plastic could not bend.  Also, the plastic was too thick to fit into the glove with the fingers.
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Figure 15: Plastic Handhorn Mockups
The Foamcore Handhorn

The Foamcore Handhorn, shown in Figure 16, also worked the same way as the initial Handhorn design. It could not be used because it could not support the weight of the arm effectively, and it could not be curved.  However, the looks-like mockup provided a visual indication of our design idea.
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Figure 16: Foamcore Handhorn Mockup

The Blood Pressure Cuff

The Blood Pressure Cuff, shown in Figure 17, replaced the prosthetic cuffs on the orthosis. It solved the problem of difficulty in tightening the prosthetic cuffs by allowing the user to use the pump to tighten the cuff. The problem with the design was that complex procedures would be required to remove the pump and gauge from the cuff after pumping.  Also, the cuffs might cut off circulation.
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Figure 17: Blood Pressure Cuff Mockup
Appendix N: Brainstorming
Table 10, shown below, reveals all ideas generated from a brainstorming session.
Table 10: Brainstorming Session Summary
	Glove Modifications
	Cuff Designs
	Chair Support Designs
	Everything else

	Splints
	Velcro Rings
	Step-in orthosis stand
	Robot Assistant

	Clay hand
	Rubber Band cuffs
	Sweater-orthosis attachment
	Numbing hand

	Conveyor belt
	Cuff and elastic
	Climate appropriate
	Slide hand over table-edge

	Glove hold
	Teflon coated glove
	Chair mounted bracket, lever and  hood
	Roller track and magnetic ring

	Plastic rings
	2 ring fastener
	Mirror in support chair 
	Soap(basic solution)

	Metal supports
	Magnetic cuffs
	Hang orthosis from ceiling
	Baby powder(reduce friction)

	Ball splint model
	Blood pressure cuff
	Patient face-down
	Dissolvable glove

	Electricity
	Separate  donning hook
	Pen to open fingers
	Gel filled straps to massage muscles

	Multi-Material glove
	Hook system in front
	Step-press hand opener
	Warm water

	Palm Cuts
	Soft plastic cuff
	Finger weights
	Muscle relax cream

	Palm Horizontal zipper
	Plastic rings
	Shoe stretcher
	Botox injection

	Finger guides
	Wall mount
	Hand weight
	Hydrophilic packing crystals

	Finger zippers
	Wire magnets
	
	

	Single finger straightening
	Magnetized arm/ armchair
	
	

	Pipes
	Line wire with foam
	
	

	Metal supports
	Pulley system
	
	

	Balloon
	Pinch snap backpack buckles
	
	

	Velcro
	Belt buckle
	
	

	No friction slide
	Springs replace spider wire
	
	

	Jack
	Wires in front
	
	

	Memory foam glove
	
	
	

	Cut out segments
	
	
	

	Vacuum glove
	
	
	

	Mitten
	
	
	

	Metal ring/force field
	
	
	

	Holes in tips
	
	
	

	Roller track
	
	
	

	Reverse glove
	
	
	


Appendix O: Future Designs
Due to the fact that we only had 7 weeks to complete the project, we were unable to fully explore the many different types of material from which to create the Handhorn.  For future designs, another material may be used.  We tried to find the lightest, but strongest material available.  Sheet metal was our best option.  Future designs may implement some sort of plastic material that is strong, yet thin and bendable.  A potential problem with the sheet metal is that it can be bent out of form, which may cause problems with the functionality of the design.

Future designs may also perfect the curvature of the fingers, which would improve the performance of the Handhorn.  Perhaps discovering an easier mechanism to slide the Handhorn into a glove should also be considered for future designs.  Also, creating a Handhorn with more uniform finger widths and spaces in between the fingers could be a useful modification.  The method in which we constructed the current Handhorn proved to be difficult because we had to use sheet metal scissors, which are imprecise and leave room for human error.  A better machine should be considered for producing Handhorns in the future.

Further research and testing could also be done with the glove.  Since we did not have a complete functioning orthosis attached to the modified glove, certain elements of the modified glove might not be compatible with the wires or the tension mechanism. 

Additional future designs may also implement the Blood Pressure Cuff or the Orthosis Stand, both of which have received positive feedback at user testing.
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Figure 12: Completed Device Setup








Figure 10: User Connecting Glove to Rest of Orthosis





Figure 11: User Zipping up Glove





Figure 9: User Securing Glove














Figure 8: User Sliding Arm Through Shoulder Piece
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Material: Steel


Thickness: 1/32”
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