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Sammanfattning 
 

Sister Kenny Rehabilitation Institute i Minneapolis är en sjukhusinstitution, känd för sin innovativa 

rehabiliteringsteknik och sjukhusutrustning sedan långt tillbaka i tiden.  

Projektet för det här examensarbetet utfördes inom Sister Kenny Research Center, forskningscentret 

för institutet. Det som öppnade upp för projektet var en vilja att göra en ny, radikal innovation inom 

området dynamiska ortoser. Fokuset låg på människor som drabbats av stroke, och därför fått en 

halvsidesförlamning i ena handen. 

 

Lösningar med drag-system för att räta ut handens fingrar kunde hittas i befintliga ortoser för denna 

grupp människor. I likhet med de dragsystem som tillämpas i annan utrustning inom sjukhusmiljön 

var dessa generellt klumpiga och inte särskilt funktionella.  

 

Målet blev därför att skapa en bättre ortos som kunde möjliggöra en längre användningstid, och ett 

användande i miljöer utanför sjukhuset. 

Ett kliniskt innovationsteam skapades, för att ta fram nya koncept, och för att garantera att både 

användarens och konsumentens röst blev hörd mitt i innovationsprocessen. 

Bakgrundsstudier, observationer och intervjuer utfördes för att reda ut var de verkliga problemen låg, 

och för att separera det nya konceptet från existerande.  

 

Genom användandet av diverse kreativa verktyg tog teamet fram fem koncept. På ett av dessa 

utvecklade de finger-element, transmission och reglage-delar, som skulle utgöra en mer skonsam och 

användarvänlig ortos. 

 

Resultatet av projektet blev en ”sen-härmande” ortos gjord av resårband, knutna till olika delar av 

fingret. Anslutna reglage var sedan placerade på underarmen, så att användaren kunde spänna ut 

handen gradvis.  

De unika egenskaper som ortosen har skulle kunna tillämpas i bättre framtida produkter och även i 

patentansökningar inom området dynamiska ortoser. 
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Abstract 
 

Sister Kenny Rehabilitation Institute in Minneapolis is a hospital department historically known for 

its innovative physical therapy and technology. The project for this thesis took place at Sister Kenny 

Research Center, the research division of this Institute. 

The aim was to initiate a project for radical innovation within the area of dynamic splints. The focus 

group was stroke survivors affected by hemi paresis in their hands.   

Solutions with built-in pulley systems to support the fingers of the hand could be found in various 

existing devices for this focus group. As with pulley systems in other applications in the hospital 

environment, these devices were generally bulky and not very functional.  

 

The goal, for this matter, was to create a better splint that allowed the user to wear in for a longer 

period of time and to make it useful in non-hospital environments.  

A clinical innovation team was established to come up with a concept for this goal and to assure that 

the voice of both end-user and costumer was reflected in the innovation process.  

Background studies, observations and interviews were made to determine what the real problems 

were, and to separate the new concept from others.  

 

With a high expectancy and the use of creative tools, the team came up with five favorite concepts. 

With one of these, they developed new finger-elements, transmission and adjustment parts to fit the 

goal better.  

 

The outcome was a tendon-mimicking device made of elastic springs in rubber connected to different 

finger parts. Connecting adjustments were placed on the underarm, so that the user could extend the 

hand gradually when using it.  

Many of the goals that the team had initially were reached, and the unique features of the concept 

could likely fit in future products, or in a patent application.  
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1. Introduction 
This chapter provides the background and gives a description of why the thesis project was initiated. 

1.1 SKRC 
 

This thesis has been carried out at Sister Kenny Research Center (SKRC), a unit within Sister Kenny 

Rehabilitation Institute in Minneapolis, USA.  

The Research Center is located at Allina Abbott Northwestern Hospital - a hospital with a long and 

proud history as a health care provider and innovator. Among the more famous innovator-profiles of 

the hospital was Elizabeth Kenny. She was an Australian nurse with a strong dedication to treating 

polio patients. Some physicians were put off by her style, but a big number of patients wanted to be 

trained in her methods. She came to Abbott Hospital in the summer of 1940 and later gave name to 

Abbott Hospital Rehabilitation Institute. 

 

Today both clinicians and researches are working full- and part time to retain the innovation spirit. 

Needs are continuously discovered in this dynamic environment which becomes suggestions for 

projects and eventually realized projects.  

For the aim to generate innovation and new technology in the fields related to the Rehabilitation 

Institute, the Research Center developed a system in which the staff can organize when performing 

projects. The system is summed up in a set, called Innovation Handbook, formed by Katarina Lund 

in 2009.  

The ground for the Innovation Handbook is that staff members, patients or others would form groups 

that could support research about the need in question. These groups are called Clinical Innovation 

Teams.  

It was in the process of forming, and leading a Clinical Innovation Team, that this thesis was written.  

The challenge of the team was to build a mechanical device that could assist people affected by hemi 

paresis to autonomously open their hand. Rehabilitation-tools with this purpose exist today, but 

problems still remain with respect to the size and usability of these devices.  

1.1.1 Project outcomes 
 

Sister Kenny Research Center serves as a learning laboratory where therapist and physicians can 

carry out research in a variety of areas. The project that formed the basis for this thesis belongs to the 

area of technology/device development and commercialization. This means that the goal not only 

was to do research on possible new devices, but also to utilize the creativity and the new knowledge 

to form marketable concepts. The concepts could serve as ground for future patents or become 

inspiration for the forming of scientific articles. This could in long term generate money back to the 

Research Center. 

1.2 Background 
 

1.2.1 Definitions 
 

To facilitate the reading of this chapter, some medical terms used in the thesis are described; 

 

Tendons 

A tendon is a band of fibrous connective tissue that usually connects muscle to bone. 

(Wikipedia 2011) 

 

Stroke 

“Rapidly developing loss of brain function due to disturbance in the blood supply to the brain” 

(Wikipedia 2011). 
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Dorsal 

The dorsal plane is the top of the hand and arm.  

 

Palmar  

The palmar plane is the area within the palm and the underarm. 

 

Extensor muscles 

The extensor muscles are placed at the top of the hand and are connected to the upper underarm. It is 

these muscles that help the fingers and wrist to extend. 

 

Flexor muscles  

The flexor muscles are placed at the palm side of the hand and are connected to the top of the 

underarm. These muscles help fingers and wrist to squeeze. 

 

Hemiparesis 

A disability that may cause limited strength in the victim‟s extensor muscles. 

 

Hyper tonicity 

A state where the tone in the flexor muscles suddenly gets abnormally rigid.  

 

Splint 

“A splint is a device used for support or immobilization of limbs or of the spine.” 

(Wikipedia 2011). 

 

Erythema 

Redness of the skin, caused by increase of blood flow in the lower layers of the skin.   

 

1.2.2 Hemiparesis and muscle behavior 
 

The muscles involved when a hand opens up and closes and are called extensor and flexor muscles. 

The former are used for extending the fingers and the later when making a fist. For bundle and 

separating the fingers a third group of muscles are used, called the interosseous muscles. These 

muscles are placed right next to the bones within the palm.  

 

The extensor- and flexor muscles can be viewed as pulley systems, where the tendons are attached to 

the fingerbones and further connected to the muscles in the forearm. 

 

People who suffer a stroke are often faced with hemiparesis. This is an injury that occurs to only one 

half of the body and leaves the nerve system out of balance. A very common disability faced is 

limited strength in the victim‟s extensor muscles. These muscles are connected to the tendons on the 

dorsal side of the hand and allow us to open it. The new imbalance in the nerve system results in an 

inability to extend the hand from a closed position without assistance. Due to this, flexor synergy can 

occur. Flexor synergy is when the arm and hand curl up into a closed position in which they remain 

due to tone in the flexor muscles. Most times, the four fingers are squeezing the thumb tight in the 

palm and the opening of a hand is very hard. For some patients this procedure could take up to 15 

minutes. If no repeated extension of the fingers is present the flexor synergy will occur again, even if 

the hand was stretched out just seconds before. 

 

Besides the inability of using the hand, flexor synergy can result in injuries such as joint damage or 

contractures. These injuries are mostly caused by hyper tonicity, a state where the muscle tone 

suddenly gets abnormally rigid. This could happen at any time of the day. 
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1.2.3 Closely related splints 
 

Splints are commonly used in rehabilitation today. The number of known commercial available 

splints with finger-functionality was fairly low at the start of the project. Among the products the 

team knew of was the Roylan High profile splint (Pattersonmedical 2010).This was a splint with 

outriggers contouring the hand to give the fingers a 90° line of elastic pull. The splint worked very 

fluently, but stuck out about 4 inches above the hand.  

 

 
 

Figure 1. From the left; Roylan High profile splint, Saeboflex and Benik W-700 wrist support 

 

The Saeboflex (Saebo 2010) was a splint with a built in pulley system that connected the finger tops 

to springs further back, with the help of hard plastic tubes. It worked well but the high-profile and the 

external pulley-system made it unsuitable for use outside therapy. 

 

The Benik W-700 wrist support (Benik 2010) was a splint that used the resistance of neoprene fabric 

to extend the fingers in a steady position. It was adjustable with the help of Velcro-rods on the back 

of the splint, See Figure 1. 

 

1.2.4 Rehabilitation methods at Sister Kenny Research Center 
 

A number of measures can be taken when treating hemiparesis. Therapy often provides patients with 

assisted extension of their hands momentary but there are also tools that help patients to train by 

themselves. 

One of the primary used products at Sister Kenny Rehabilitation Institute is the Saeboflex. This splint 

has individual adjustments that can be customized for each patient, and a set of matching exercise 

equipment, such as gears and balls. 

It is also common that the patient gets a soft splint during the night, like the SaeboStretch 

(SaeboStretch 2010) to reduce the flexor tone and avoid injuries out of hyper tonicity.  

Another way of reducing the flexor tone is to let patients have an injection of muscle-relaxing Botox 

in some phase of the treatment. This is done in the underarm and is very effective. 

For patients with very light hand-disabilities the therapists use Kinesio tape (Kinesiotaping 2010) 

during the treatment. As the patient try to extend the hand fully, the tape-strips add a light support. 

 

1.2.5 Purpose and expectations 
 

The research centers initial ambition was to form a handy device that facilitated long-period home 

use. In 2008 undergraduate students from the University of Minnesota performed a smaller project 

were they tried to design a low-profile device that they called the IDEG. They made a prototype in 

plaster, but the result was still fairly simple and bulky. The project needed a continuation to really 

fulfill the goals that the Research Center had.  

 

A way to provide extension to the fingers was to add kinesio tape from the finger tips up to the wrist 

on top of a regular lycra glove. This suggestion was presented by an occupational therapist at Sister 

Kenny Research Center together with an article on the effects of a dynamic lycra orthosis used in 

rehabilitation (Watson 2007). The article showed how hemiparesis- patients could benefit from 

wearing a thick lycra glove during their treatment. Their active range of movement improved faster, 
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which is significant for the over-all treatment. The recovery of hemiparesis- patients is namely fast in 

the beginning and at some stage an inflection point approaches at which the rate of recovery begins 

to reduce.  

The ambition for the new project was that the process of creativity would be elaborated, and that the 

conceptual ideas from it would result in a lighter, more user friendly prototype. A design that would 

be more comparable with the re-designed lycra-glove than the IDEG was the target, See Figure 2.  

 

A goal for Sister Kenny Research Center was also that the staff would become more used to their 

product development process, described in Innovation handbook, and that the process would be 

evaluated. This evaluation could later be useful, if the Research Center wished to make a second 

edition of the handbook (Lund, Innovation Handbook 2009).  

 

 
Figure 2. The IDEG prototype and the re-designed lycra glove 

 

1.3 Project frames 
 

1.3.1 Foundational statements 
 

The problem: 

Individuals affected by a difficulty in opening their hand or keeping it open are limited in their 

participation in activities of daily living. 

 

The solution: 

Provide a tool that these individuals can wear on a daily basis during activities of daily living, to 

assist them in opening their hand or keeping it open. 

 

The goal: 

To provide at least one prototype that indicates that this is feasible. 

 

1.3.2 Limitations 
 

The thesis-work was planned to be conducted from September 2010 through February 2011, See 

Appendix A. 

 

The project work should mainly focus on the design and functionality of the device and on the 

creative process of shaping it. The work should follow all the phases of Innovation handbook, apart 

from the setting up of clinical trials and calculations of production costs.  

The device was restricted to only cover the area from the radius bone to the fingers and was not to 

include the whole arm.  

Some devices use an above-elbow component, to help individuals with neurologically impaired 

elbow involvement. The benefit of an above elbow component in combination with the device could 

be subject to further research. This will not be investigated in this initial project, due to time 

limitations. 
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2. Theory 
This chapter is an explication of the literature in the thesis. It begins with theory, related to the 

product development process and ends with the underlying physiology of the hand. 

 

2.1 Product Development processes 
 

“For a team to be able to work well together they should agree on a common way of working that 

contains goals, milestones and for quality assurance, coordination of project activities, planning and 

scheduling of team members’ time, management and improvement identification” 

 (Ulrich 2008). 

 

This quote well describes the reason for establishing a detailed process guide within an organization. 

To be able to lead a team effectively, you have to assure that the team members are on track with the 

work-structure. A guide can then be a good tool for making the members sure and well-acquainted 

with it. 

 

2.1.1 Interdisciplinary teams 
 

The meaning of the term interdisciplinary team is often two-way recognized. Moreover, it can be 

interchangeable with terms like multidisciplinary teams and cross-functional team. 

 

To build interdisciplinary teams, the team members need to have different backgrounds, such as 

engineers, marketers, manufacturers or end-users (Sanders 2008). 

The first view on interdisciplinary teams is that team members work together, but manage tasks only 

in their own field of expertise. The second view is that they not only work together, but also 

approaches the problem in an integrated manner. This was the definition used in this project. 

 

The presence of diverse backgrounds in an interdisciplinary team may boost both innovativeness and 

the end-quality of the product (Adamsson 2007). It needs to be kept in mind though, that it is not 

effective to involve all team members at all phases of the project (Song X.M. Thieme 1998). This 

could lead to contra-productivity and delay the process. 

 

2.1.2 Need findings techniques 
 

A need is often discovered by the people who live close to it. These people are also most willing to 

illustrate and to challenge the need. 

 

 

“The course that excites one innovator may be uninteresting or overwhelming to another. But, the 

one thing that these paths have in common is that they are compelling to the people undertaking 

them. Their commitment to these unique focus areas will drive them forward through the many 

challenges that await them as they begin the innovation process. “ 

(Zenios 2010) 

 

Medical needs have multiple groups and individuals defining them. It is important not to get 

confused about who they are, and their importance. There are two primary ways to identify 

stakeholders in the medical field.  

 

The first way focuses on analyzing stakeholders involved with the cycle of care. With this approach 

the innovator studies how the patient moves from his or her healthcare experience, making note of all 

the different players, their roles and interests.  
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The second method is concerned with stakeholders involved in financing patient care. The flow of 

money is analyzed, going from one entity to the next.  

 

Whatever method you prefer, make sure to also make a stakeholder analysis. Direct costs and 

benefits should be considered, e.g. profitability and time as well as non-monetary costs and benefits 

e.g. good reputation and ease of use. Understanding the drivers of stakeholder behavior is essential to 

gain influence on stakeholder actions.  

 

Patient behavior is often driven by the four direct factors; clinical outcomes, safety, economic impact 

and convenience. Even though physicians have a lot to say, the patients are still the ultimate decision 

makers. Medical device manufacturers are increasingly trying to influence patient decisions through 

direct-to-customer advertising and other mechanisms (Zenios 2010).  

 

When considering physicians as stakeholders, the innovator must be on the look-out not just for the 

relevant specialties, but the potential sub-specialties that exists with them. A group of products gives 

a bigger impression (Zenios 2010). 

 

“You have to know who your costumer is. Certainly you have to know what the patient wants. But the 

person actually buying the product, you have to know that psychology very, very well.” 

Richard Stack, physician, inventor and investor 

 

To make sure that you really know the stakeholders view correctly, a few techniques can be used: 

 

1. Involve the stakeholders in the innovation team. This will assure that you have their opinion 

with you through all stages and their wishes will really be heard. 

 

2. Do interviews. Not all patients will perceive the need in the same way and this could help 

you to discover different preference- categories. 

 
3. Perform user observations. An observation could help you see the need more objectively. 

 

4. Sketch the scenario of the need or do a context mapping around it (See Innovation handbook 

for instructions). To put the need in its setting will help you stating it. (Lund, Innovation 

Handbook 2009). 

 

Once defined, needs can be organized into three categories; incremental-, blue-sky- and mixed needs. 

This could help innovators to appreciate the potential impact that their solution could have on the 

treatment. Categorization may also help innovators to eliminate entire clusters of needs, depending 

on their strategic focus.  

 

Incremental needs are the ones that focus on modifications to existing solutions. These needs assume 

that that the underlying technologies will continue to be used and applied. Incremental needs are 

generally approachable, but they run a risk to become unusable if a new technology paradigm is 

introduced. Small incremental needs can often be solved by incremental solutions that can result in 

sizable business opportunities. 

 

Blue-sky needs are needs that require a solution that departure from current alternatives. As a result, 

they may be difficult to define. Blue-sky needs in the medical field are typically focused on 

physiology, mechanisms and on eliminating various diseases. For a blue-sky need to be considered as 

something soluble, it is important that at least some of the underlying disease mechanisms are 

understood in the medical community. This differentiates a blue sky need from a “science 

experiment”.  

Blue sky needs may result in solutions that are direction changing in the industry but may not 

necessarily translate into significant commercial opportunities. 
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Mixed needs are needs with a bit of both aspects. An example can be “A better way to surgically 

remove cancer at the time of surgery to ensure all of it has been eliminated from the site” 

Here it assumes that surgical removal is the best way of treating cancer, but focuses on a better way 

of doing this. The scope of the problem does not necessarily correspond to the size of the business 

opportunity for these products. 

 

 (Zenios 2010) 

 

2.1.3 The conditions for clinical settings 
 

Having an environment close to the actual end-users is good for both understanding and inspiration 

along the development process. It can also cause the Innovation team to conceive concepts on how 

user-tests could be performed.  

To include patient tests can be a bit heavy for smaller projects though, since they often call for an 

approval by a local Institutional Review Board (IRB). The IRB consists of scientists, doctors and 

consumers, responsible for reviewing the trial and affirming it to comply with federal regulations 

(IRB, Institutional Review Board 2010).  

 

The use of, or disclose of unpublished patient data is also restricted within research. Anyone who 

conducts research within a hospital setting must have authority under the HIPAA Privacy rule 

(HIPAA, Health Insurance Portability and Accountability Act 2010). 

Before launching a product approved, the U.S. Food and Drug Administration (FDA) is responsible 

for supervising the safety and pre-market approval of medical devices, among other things. Each 

device is determined a classification, related to the number of controls it has to go through (FDA 

Classifications 2010). 

 

2.1.4 Communication 
 

For an innovation team to be effective, a good communication is needed. Frequent communication is 

one of the key points to achieve this. Through frequent internal communication the sense of 

belonging to the group is strengthened, and misunderstandings avoided. Communication face-to-face 

is the most effective communication.  

If it is hard to achieve a face-to-face communication within the team, e-mail could be an option. Mail 

will strengthen the understanding of the communication as a whole (Hewitt 2006). 

 

Another way of strengthening the communication is the use of information systems, such as common 

databases or discussion-forums. The best way of creating systems like this is to let the project group 

be involved in its creation themselves (Koop 1993). 

 

It is important not to only focus on internal communication. Efficents teams have more frequent 

communication with external contacts then other teams (Allen 1984).  

 

2.1.5 U.S. Patent laws 
 

A patent is a legal document that gives the inventor the right to exclude others from commercial use 

of an invention. The government is willing to grant this right to the inventors in generally 20 years. 

The main type of patent in medical devices is the utility patent. This patent covers the device itself, 

the method of use and how the device is made and manufactured. 

There are also design patents. They cover the unique visible shape or design elements of a non-

naturally occurring object. One example of a design patent object could be the design features of 

adhesive bandages.  
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Provisional patents are preliminary filings submitted in order to establish a priority date for 

subsequent utility patents. These patents are not published, until they are filed as a utility patent (18 

months after the provisional filing day). 

 

There is no required format for the provisional patent, but it should include descriptions of: 

1. The need or problem that the invention addresses. 

2. Shortcomings of current solutions. 

3. The motivation for the new invention. 

4. The invention itself (in enough detail that someone skilled in the field would know how to 

make it). 

5. Advantages of the solution, including why it is strategically valuable.  

 

The inventor could then make a compelling case for what is novel and non-obvious about the device. 

There are three basic parameters for judging the patentability of an invention: 

 

1. Utility – The invention must do something useful. 

2. Novelty – It must be new with respect to other patents or publicly available descriptions of 

products anywhere in the world. 

3. Obviousness- the invention must be obvious to someone of average skill and knowledge 

working in the given field. 

 

The inventor‟s ability to demonstrate novelty is often the trickiest parameter to fulfill.  

(Zenios 2010) 

American product development is often managed and documented in notebooks along the work 

process. The notebooks include thoughts, pictures and written thought along the development phases. 

If a person within the group gets an idea he or she will describe it in the notebook and put name and 

date at the top of the page. This protects the individual‟s interests and facilitates in judging what 

names to write as inventors for a potential patent application (Zenios 2010).  

 

2.1.6 High expectancy 
 

Theories suggest that a high expectancy and high goals when facing a challenge, eventually leads to 

high performance, See Figure 2. Nearly 400 studies have showed this relationship. Difficult goals 

lead to better performance than specific, easy goals. It is important to avoid vague goals such as "do 

your best" or the absence of a distinct goal.  

In order for goals to affect performance, there must be commitment to the goals. Generally goal 

commitment is highest for people who think they can attain the goals and that they are values 

associated with goal attainment. Then they persist in the face of difficulty, because they are 

convinced that they can succeed. It is not always true that goals lead to effective task strategies. 

Generally, goal-effects are smaller on complex than on simple tasks. On complex tasks, the quality of 

the strategy used is of greater importance (Locke 1990). 

 

 
Figure 2. The High performance cycle 
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2.1.7 The use of creativity tools 
 

The human process, enabling people to think outside the pre-assumed scope of what would be 

expected is called creativity. Creativity is not just a natural gift that some people possess, but rather 

an activity that all people can learn. That‟s why different kinds of creativity tools can help us to reach 

creativity. Most creativity tools are built upon the idea of forcing us to take the path with most 

resistance, and not just to use our normal patterns. They trick us into overcoming our mental blocks 

and the fear of speaking out in a group setting (Lund, Innovation projects in clinical settings 2009). 

 

“Ideation” is a term referring to the process of creating new ideas that eventually becomes concepts.  

Brainstorming is an ideation tool that has developed a specific meaning in the design tradition as a 

set of methods based on the power of group creativity. It is not about coming up with one brilliant 

idea, but about creating new directions to pursue in the design.  

Brainstorming can be applied at many different stages in the innovation process. It is particularly 

useful right after the development of a need specification, when teams begin to think about different 

solutions to address the needs.  

 

There are also other times when brainstorming applies well, like when an innovator or team is 

exploring new directions for a product or a way to redesign a device and improve its function. The 

brainstorming tools can be useful when a team is addressing challenges related to market-, or 

strategic issues. It can also be used as a tool to address smaller tactical challenges, such as how to 

overcome unanticipated hurdles that might be slowing the team‟s progress. 

Since brainstorming is part of an iterative or cyclic approach, circumstances like new information 

may require the team to back into brainstorming mode. Many times the feedback loop between 

prototyping and brainstorming will provide powerful stimuli for new ideas.  

 

However, it is important to remember that brainstorming in the concept stage requires a specific 

mindset that is different from what is required at any other stages in the biotech innovation process. 

Many engineers, business people and physicians have built their academic or professional careers by 

learning how to get the right answer, quickly and consistently. They have to change this behavior 

during the brainstorming sessions, since the need to be perfect is the enemy of ideation.  

 

A way of making ideation effective is the use of cross-pollination. This means that the team 

members try to use parallel-functions from other branches when developing their own concepts. 

Especially in medtech there are abundant opportunities to look across specialties, to adapt the 

technologies and approaches from other areas. This scanning can be very useful.  

 

When setting up a brainstorming session, the idea is to focus on a core problem that is not too broad 

and also not too restrictive. If a given problem is particularly large in scope, the innovator needs to 

consider dissecting it into multiple topics. These could then be addressed through series of 

brainstorming sessions. 

 

It is useful to make props available in brainstorming sessions. For medtech sessions, typical props 

could be medical tools related to the area in question, or to use Legos. These can be useful in quickly 

conveying a connection to a new idea. Anatomical drawings and models are other tools that can be 

useful in a medical-related brainstorming session.  

 

It is important to capture the result after the sessions. If papers or sticky notes have been used, these 

should be gathered up and saved. If a follow-on brainstorm is conducted, it can be useful to place the 

used sheets back in the position they were at the end of the first session. If whiteboards are used, 

taking pictures of the boards is a good idea. These could later be stored electronically. 
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There are different ways of approaching brainstorming. The “expert problem” is a common 

technique that differs from the traditional brainstorming. Medical device companies frequently use a 

format where they invite a “key” physician to visit the company and lead a working session. A 

special effort is then made to “uncork” the expert‟s mind and stimulate interesting ideas. Unlike 

traditional brainstorming, the group acts different with the expert‟s ideas being given the most 

attention.  

Some medical device companies also conduct effective sessions with groups of expert physicians. 

Experts are often used to compete with each other and it is therefore important to have a skillful 

brainstorming-facilitator that can relax this behavior (Zenios 2010). 

 

When people get challenged to solve a problem with pictures they generally react in three different 

ways;  

The first group says "hand me the pen", (usually a quarter of the attendees). These people enjoy 

identifying visual metaphors, and analogies. They show great confidence in drawing simple pictures, 

both to summarize and to work through those ideas.  

The second group is the “I can‟t draw but..”- people. They usually make about half of the meeting 

population and are good at marking important and interesting aspects of what someone else has 

drawn. They need to be gently prodded to look at the pictures in order to add to it. As they proceed in 

doing so, they create conceptual masterworks, and usually incorporate many words and labels into 

their sketches.  

The last group is the “I‟m not visual”-people (about one quarter of the meeting population). They 

tend to be quiet and resisting but they often have the most detailed grasp of the problem at hand. 

They just need to be coaxed in sharing it. When many ideas have been captured on the whiteboard, 

they redraw everything, often coming up with the clearest picture of all.  

These reactions are most times not related to drawing skills, profession, or age of the people (Roam 

2008). 

 

2.1.8 Decision matrices 
 

There are many types of decision matrices, and they all have their weaknesses. In spite of the 

weaknesses, they could still be useful, since they better assure that key user requirements are kept at 

the forefront of a decision making.  

 

The Pugh concept selection method is the most widely referenced decision matrix in the medtech 

field. Other methods tend to be more highly mathematical, and are therefore not as easily accepted.   

The method was developed in 1981 by Stuart Pugh, a professor from Scotland with his book Total 

design (Pugh 1991). It applies particularly well in the context of the Biodesign innovation process 

because it explicitly links the concept selection to both user- and design requirements (Zenios 2010).  

 

The PUGH-matrix method consists of two stages. Each is supported by a decision-matrix, which is 

used by the team to rate, rank, and select the best concept(s).   

The first is called concept screening – used for rough, initial concepts for a quick approximate 

evaluation.  

The second is called concept scoring – used when better resolution will better differentiate among 

the competing concepts. Each selection criteria is weighted. 

 

Ideally, the “matrix-teams” are made up of people from different functional groups within the 

organization. An example of a PUGH screening matrix can be found in Appendix D. 

 



11 
 

2.2 Physiology 
 

2.2.1 Joint behavior 
 

The hand has several joints due to the number of bones in it. Most complicated is the wrist joint, 

followed by the thumb, which has several degrees of freedom.  

Clinicians name the finger joints according to the bones they relate to, See figure 3.  

 

 

 
 

Figure 3. The joints and bones of the fingers 

 

 

The DIP and PIP joints can be compared to two hinge joints connected with a four-bar linkage 

coupling. The MCP joint can be compared to a universal joint, See Figure 3. 

As the hand stretches out, the joints will work in parallel according to certain degrees of freedom. As 

the hand extends adduction happens (the fingers will separate). Inversely when it flexes, abduction 

happens (the fingers near each other).  If these characteristics are limited, and the movements of the 

joints are viewed two-dimensional, a relational pattern will show up, See Figure 4. A DIP-joint has a 

linearity relationship with a PIP-joint ( ), and the PIP-MCP relationship forms an S-

curve. A human hand can extend an MCP-joint under PIP and DIP joints bended, but the graph 

assumes a constant angle (Roli 2005), (Li 2000). 

 

 

 

Movable range of joint 

 

 DIP PIP MCP abduction Wrist 

Little 0°~70° 0°~90° -30°~90° -20°~20° -80°~60° 

Ring 0°~70° 0°~90° -20°~90° -20°~20°  

Middle 0°~70° 0°~90° -20°~90° -20°~20°  

Index 0°~70° 0°~90° -40°~90° -20°~20°  

Thumb -20°~80° -20°~40° -20°~70° -20°~20°  

Arch of radius 

(adult man) 

0.16‟‟ 0.32‟‟ 0.43‟‟  0.67‟‟ 

Table 1 
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Figure 4. The related movements of the joints 

 

 

When a muscle contracts, a point on the tendon alongside the joint moves along the arch of radius r 

(the moment arm of the muscle), See Table 1. To rotate a joint a complete revolution, the muscle 

would have to shorten 6.3r, same as the length of arch ( ) (McNeill 1992) 

 

2.2.2 Placement of the tendons 
 

The tendons which straighten the finger-joints are somewhat complicated. They can be seen as 

strings running from the sides and the back of the finger to a sheet on the top of the finger 

(Handsurgeon 2010). It can be noticed that the main attachments to the skeleton are placed at parallel 

points, See Figure 5. 

 

 
Figure 5. Attachment to the DP and IP bones  
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2.3 Skin-interaction 
 

2.3.1 Friction 
 

Friction against skin occurs in all splints and is a key element to stabilize it. It needs to be adapted 

carefully though, since skin is sensitive.  

Friction against the skin of the finger tip was investigated by an experimental study (V.Savescu 

2008). In this, the highest friction appeared for sandpaper and the lowest for rayon fabric. The 

sandpaper reached a coefficient of friction of c=0.8.  

The skin should stay relatively dry, not only for the cause of convenience, but also for the friction.  

Dry skin has low friction, but when perspiration occurs, the friction will increase. It will then 

decrease again, after much sweating. (Hägg 2001). These friction-behaviors should be extra-

considered for dynamic splints, since the hand-movements cause frictions to occur more repeatedly. 

 

2.3.2 Pressure 
 

Skin exposed to pressure during a long time can lead to big problems. Strangulation of the blood 

circulation in the skin occurs at only 50 kPa, which could lead to death of tissues. Repetitive 

tangential forces could also cause erythema on the skin or blisters in the palm (Hägg 2001).  
A material used for many medical purposes is neoprene. Neoprene is a fairly cheap rubber material 

with very good shear properties that causes softening of point pressures (Technical Information - 

Neoprene 2003). The material is therefore used in many medical applications, because of its 

protecting effects. 

 

2.3.3 Reflexes 
 

There are different theories of the cause behind flexor synergy. One of them is that a stroke causes 

the nerve-system to go back into a primal state.  

The traction response is a reflex found in infants. It could appear when someone pulls the forearm of 

the infant or for contact stimulation to the palm of the hand. This causes flexion and holing of the 

fingers. A hard object is squeezed more frequently than soft objects (Cluthfield 1995). This behavior 

has been observed when adult stroke-patients gets stimulation in the palm-area. 
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3. Work Methods 
The project was directed to follow the guide Innovation Handbook (Lund, 2009), mentioned earlier. 

Only a few researchers at the Research Center had come into contact with the book through an 

earlier project, and the others needed practice with it. This chapter gives an overview of the work 

model of the thesis project, methods for gathering empirical data for the device and the handbook 

evaluation. 

 

3.1 Team preparations 
 

3.1.1 Clinical Innovation Team  
 

A key-element in the product development model for Sister Kenny Research Center is the Clinical 

Innovation Team. This team is preferably interdisciplinary and should include a project owner, a 

project leader and a facilitator. 

 

The project owner is the external stakeholder which participates in the decision making and monitors 

the progress of the project. This could be the director of the Research Center, a representative from a 

company with interest in the project or a teacher at the home university of the student. The project 

owner normally has financial responsibility in the project.  

 

The project leader is the student with the outspoken role as a leader for the project. 

 

The facilitator is not a part of the team, but a person who will join in certain steps of the process, to 

facilitate the work. This role could be headed by a researcher or an external stakeholder.  

 

The team members for this project where considerably chosen to reflect the related stake-holders, 

since it is essential to understand the drivers of their behavior, See section 2.1.2.  The number of 

team members was also adjusted to the phases and time resources available, according to theory in 

section 2.1.1. 

 

3.1.2 The Team members 
 

The project started with four initial team members, making a Clinical Innovation Team, in 

accordance with the handbook.  

The team was interdisciplinary, consisting of one occupational therapist, a physical therapist with a 

business degree, one stroke survivor and one engineering student. Even though relatively small, the 

team would still made a good representation for the stakeholders related to the project. This was 

essentially true for the occupational therapist and stroke survivor, since these stakeholder-groups 

were the strongest decision makers in the buying process.  

 

The director of the Research Center headed the role as project owner, the engineering student as 

project leader and a supervisor at the Royal Institute of Technology headed the role as facilitator.  

 

3.1.3 Design process 
 

The thesis project followed a so-called Stage-Gate model. This model helped the team to express the 

different stages of the project in a more certain way.  Each phase was given a distinct beginning and 

end, See Appendix A. The time regions marked with rhombs in the time plan is the points where 

each phase in question ends. This is also where the innovation team reports the results from the 

previous phase and make major decisions for the direction of the next stage.  In this the project 

owner had the chance to abort directions of the project, or demand more work before the project was 
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taken to the next stage. The Research Center had two kinds of project tracks for its product 

development; The Product and Software track as well as Service and Work Method track. The phases 

for the Product and Software track were applied in this project. It is pictured in the figure below, See 

Figure 6. 

 
 

Figure 6. The Stage-Gate system, adapted for Product Design within Sister Kenny Research Center 

 

3.1.4 A project platform 

 
The group decided to have weekly meetings for about one to two hours, to overview the process and 

to communicate around the project face-to-face. They also decided on having communication 

through mail regularly, since this would strengthen the working-process.  

 

To further enhance the transparence in the project and to increase the access of information between 

the team members, a project platform was created. The team decided on creating a common account 

in the free platform dropbox. In this the project-documents could be stored, including agendas and 

pictures etc. Besides folders and pictures, so called living documents were created in the platform, 

where all team members could add thoughts, discussions or pictures. Examples of “living 

documents” were Possible components and materials, Patent research and the Product requirements 

document.  

The dropbox was also used for making the weekly agenda accessible for each meeting.  

 

Notebooks with the title “Innovators notebook” were given to each of the participants to protect their 

individual interests. They were encouraged to add thoughts, pictures, written ideas and date in them 

along the development phases.  

 
 

 

 

 

 

3.2 Methods for gathering data 
3.2.1 Innovation handbook procedure 
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All chapters of the handbook, including the foundation phase, the conceptual phase and the design 

phase, were considered and included to the project. Some steps were shortened by the project leader, 

to fit the current situation, and some were extended. This gave the project a better adapted model to 

work from. Only some steps concerning test and evaluation in the design phase were excluded, 

because of legal reasons, See section 1.3.2. 

 

3.2.2 Project directing tools 
 

To assure a good foundation, prior to stating the directions of the project, supporting tools and 

exercises were used. These would secure a better quality in terms of strategic decisions, as the 

innovation team discussed them. 

Among the tools was the risk analysis. This would include the risks of the project, their likelihood 

and severity and prevent the team from neglecting the biggest risks.  

 

To create a better understanding for the real goal of the project, a so called context mapping was 

included to the methods. By letting the team answer questions such as “What do we want to 

develop?”, “Where/How will it be used?” and “Who are the primary and secondary users?” the goal 

could be more clarified.  

In this, a simpler stakeholder analysis took place. The team would ask themselves who the real 

stakeholders were, and bare them in mind in the continued process.    

 

The 5 Whys exercise was also picked out (Lund, Innovation Handbook 2009). This is a technique in 

which the group states the problem and then asks the question Why for five times, as they rephrase 

the problem. This is a good way of getting to the bottom of the real problem, and to raise insight in it. 

 

The resulting direction of the project was summarized in mainly three ways; 

 

Firstly, with fundamental goals expressed as; problem, solution and goal for the device.  

 

Secondly, with a so-called Gantt chart, to state and visualize the time-scope of the project. In this, all 

the phases had set up start and end points, but overlapped each other in time-periods. The time-

schedule for the different phases was discussed and established so that the team could follow it along 

the project. This schedule was visualized in a Gantt-chart, see Appendix A and explanation in 

section 3.1.3. 

 

Thirdly, a Product requirements document was used. This document visualized the number of 

fulfilled needs that the team members wished for; all categorized into “key requirements”, “must 

requirement” and “should requirements”. Based on the input from the team, a new category called 

“nice-to-have features” was added, so that weaker anticipations could be included to the document as 

well. 

 

3.2.3 Research phase 
 

The research phase started with a literature search, where the team searched for articles about the 

stroke patients and current rehabilitation methods to help them. Special attention was given to 

articles about treating patients with elastic lycra gloves. This appeared to have some good effects for 

recovering patients with hemiparesis, and the team was interested in finding a concept close to this 

method. Books about muscle structure and ergonomics were also reviewed. 

 

The Scenario for the problem was arrayed to give a better grasp of the mechanisms around it and the 

aim of new product. Some context mapping was also done for the product. In this exercise, the 

factors around the product were arrayed to make the inventor aware of possible advantages from 

using the product and its environment in parallel.  
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Next part of gathering data was a systematical evaluation of current rehabilitation equipment at Sister 

Kenny Rehabilitation Institute. The occupational therapist in the team showed the splints used in the 

treatment of stroke patients, and also other splints close to the area. The splints capacities were 

discussed and the team decided to make a few interviews and observations, as soon as a stroke 

patients with hemipharesis would come to the clinic, See section 4.1.2. 

In these interviews, a more objective view of the splints could be discovered and evaluated.  

Two men and one woman in the ages around 40-60 years old were interviewed this way. All of them 

were asked questions about their experience with the current rehabilitation tools for hemiparisis, 

primarily the Saeboflex.  

 

The interviews were semi-structured, which means that the interviewer first asks questions according 

to a guide, and then lets the subjects talk freely about their experiences. If this doesn‟t occur right 

away, the interviewer may ask follow-up questions. It is good to form the questions in terms of 

measure. 

 

Discussions along the foundation phase called for an investigation of radically different concepts – 

something that could help the team to position the innovation better.  

The inventor‟s ability to demonstrate novelty is often the hardest parameter to fulfill when it comes 

to innovation (Zenios 2010) . To avoid the repeating of existing market products and published 

research prototypes the team made a big research on products related to the field. 

The team ordered and evaluated current marketed-splints to see if any of the functions in these could 

be useful in any of the own concepts. Their materials were scanned as well as their ability to support 

the fingers.  

Searches were not only done on the market of splints, but also for similar patents. These searches 

were mainly done by using the databases in USPTO and WIPO International or by using Google 

patents. Similar- or rival patents were then gathered in a folder of the common project platform. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

3.2.4 Tools for creativity and evaluation 
 

To help the clinical innovation team in attaining the difficult goals set up in the requirements, 

creativity tools were used. Many of the team members had never used creative tools; apart from 

simplified sessions of brainstorming.  

To allow them to get used to creative tools in an intuitive way, and to encourage the practice of 

creative methods a wide-ranged version of brainstorming was used. This brainstorming was set out 
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following the guidelines for sessions in the literature (Zenios 2010), and was also dissected into 

smaller sessions since the problem was large in scope. 

The plan was to have a one session for each of the most important needs, and then making a big 

concept ideation at the end of the brainstorming.  

 

 

 

 
 

Figure 7. The sessions divided by needs, and their results at the whiteboard  

 

 

The group was given pictures addressing the need in question, colored pencils, printed templates of 

hands in different positions to sketch on, scissors and different other materials to create temporary 

prototypes with. Examples of splints were also brought to the sessions, as well as pictures that could 

be inspiring.  

 

The result from each session was posted gradually on a whiteboard that was divided into the different 

categories. The result from the concept session was posted at a separate board to be used for the 

concept selection later, See Figure 7. Each concept was described on a paper-sketch, with comments 

and descriptions, to make them easily comparable. They were also archived in the project platform, 

in spacial order to inspire the team at other occasions. The team was encouraged to add new 

sketches, if they got ideas during the week. 

Physical description-tools were often used along the process including plastic parts, foam and fabrics 

to visualize thoughts. Materials, such as rubber and elastics cord were ordered to be tried out in these 

pre-prototypes, See Figure 8. 

 

 

 
Figure 8. A quick prototype for discussion 

 

One of the tools used to generate good ideas was Inspired by nature (Lund, Innovation Handbook 

2009). This was a tool that allowed the participants to look at nature while solving a problem. Similar 

phenomena in nature, should be observed, and mimicked when creating a novel solution of the 

problem.   
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Gallery display was also used after the last brainstorming session, to assure that the team members 

utilized the different ideas. The function of this tool was to freely comment and build on each other‟s 

ideas when they were finished and not evaluate. This could be a way of receiving useful input and 

feedback on the different concepts.  

 

For one occasion later on in the innovation process an expert in sewing and fabrics was hired to give 

good advice and to provide the group with new ideas. The group would then perform a brainstorming 

focused to “oncork” the expert‟s mind, as mentioned earlier.  

 

For less experienced innovators, a structured approach to concept selection is the best way of 

eliminating the risks of picking the wrong concept (Zenios 2010). The concepts were therefore 

inserted to a decision matrix called the PUGH matrix and guidelines concerning PUGH matrices 

were followed (Ulrich 2008).  

 

3.2.5 The structure of the prototyping 
 

The prototyping was managed element-by-element, so that several prototypes could be made for e.g. 

the finger attachments. The prototyping continued, until each element had a fairly functional 

solution, according to the team. The task strategy was to build and investigate these elements and 

then assemble them into a detailed, one piece device.  

 

To facilitate for further work with the new concept, and to give a clearer overview of the device as a 

whole, a so called WBS-structure was used. This categorizes the parts of the device at different 

levels, so that the placement of each detail may be visualized.  

 

3.3 Evaluating the handbook 
 

The handbook was categorized into minor parts that would work as a base for possible meetings 

along the timeline of the project. This categorization gave opportunity to evaluate the process 

continually in-between the different parts.  

Prior to the application of each part, the chosen pages were closely read, and combined with further 

related literature. The steps for each part were stated in the agenda for the week. In this step the 

project leader recorded thoughts, and opinions about the content in the handbook.  

This was gathered in an evaluation document and arranged after different phase headings.  

 

The members of the team were challenged to express their own experience with the handbook to the 

project leader. These expressions were considered in the making of the evaluation. 

After each application of the parts, the evaluation document would be reviewed again, to see if any 

additions could be made in it. 

 

Finally the thoughts were re-written and translated to a bulleted list. This gave the wider thoughts a 

more direct character.  

 

 

 

4.  Results 
 
This chapter describes steps and part results along the three different phases of the innovation 

process. All from the making of a Product requirements document, to the building of prototypes. The 

final results are summarized, as well as the evaluation of the handbook. 

 



20 
 

4.1 Project Foundation Phase 
 

4.1.1 The project direction  
 

After many discussions about patient needs, the group created a Product requirements document, See 

Appendix B. When creating the document, the team came to emphasize the need “suit in a home 

environment”. This resulted in visions of a low-profile glove-like device that would stand out, 

compared to other similar splints. The team-members had high expectations and goals for the project 

and were incentivized to do more research in the area. After discussions on what user needs to focus 

on, the outcomes could be placed somewhere in between the Blue sky zone and the mixed zone on a 

need scale, based on the definitions, See section 2.1.2.  

 

Lastly the group phrased the fundamental goals of project. First the main problem was stated, 

followed by the solution and the goal, See quotes in section 1.3.1. This step became time-consuming, 

since most of the team members were unused to stating goals in this setting.  

 

4.1.2 The results of the interviews 
 

An interview guide, created by the team, can be found in Appendix C. All of the subjects interviewed 

expressed a desire for a slimmer device than the Saeboflex, but they had problems with imagining 

how a tool like that could be designed. No one had strong negative feelings or opinions against the 

functionality of Saeboflex, but all the respondents had experienced some kind of problem with it: 

 

 “You get tired in your hand when using it”, “It is hard to come in to, and takes a long time”, “it is 

very stiff”, “It hurts to the skin at the top of the underarm and on the knuckles” and “the plastic caps 

hurts the fingers in the back area”.  

 

None of the individuals interviewed was afraid of using it, but they were a bit disappointed about the 

short time they could use it before it hurt the skin. The time that the subjects could use the Saeboflex 

varied from day to day but the general time was 45 minutes. 

They liked the Kinesio tape, but realized that it was just provisional and too weak.  

The subjects suggested a low-profile splint, with less stiff parts, that would be easier to don and they 

would wear a glove over night if it helped them. 

One of the surprising responses came from the woman in question that explained that she liked the 

stability Saeboflex gave in regard to its weight.  

 

4.1.3 Results from the market research 
 

The initial project research suggested that only two similar products were commercially available on 

the market at present. However, when performing a more detailed screening of the products in the 

market a lot of products showed up, including products similar to the elastic lycra glove.  

 

The largest percentage of related products were using the technique of strengthening the fingers from 

the palmar side of the hand. Examples of splints using a lateral technique for individual fingers, such 

as springs could also be found. Only a few concepts of strengthening the fingers from the dorsal side 

were found, including the Saeboflex.  

 

The market seemed to have a big creativity in the placement of anchoring parts and of cushioning 

material, but few had arguments for their design. The benefit for the patient was seldom explained.  

Only some could be found, but these arguments could even be contradictable. 
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Instant adjustment of the support in the splints was something left out on the market. Some of the 

splints had parts you could replace if you wished a different tension, or adjustments that would 

require two functioning hands to work. 

 

Among the marketed splints the team physically investigated was finger tubes, a neoprene splints 

with velcro adjustment and pre-cutted kinesio tape for the hand. 

The group tried the technique of layering flexible kinesio-tape along the dorsal part of the hand 

which resulted in a fairly good amount of supporting tensile force. The main issue with the tape was 

its fragileness to any kind of rub off. This would cause the whole support to fail very fast. 

 

4.2 Conceptual Phase 
 

4.2.1 Conceptualization 
 

The group always strived to find parallel systems, using cross-pollination, when creating new ideas 

and concepts. This gave results, such as separate finger splints that became part of an entire “glove 

system”, knee supports that developed into finger joint supports or mechanical spring systems 

developed to elastic fabric-systems.  

The group was communicating with pictures, both on their own and on printed templates of hands in 

different positions. Some of the participants belonged to the “Hand me the pen”- group of people 

when it came to visual communication. There were also others that were a bit more careful and could 

be described as “I can‟t draw but..” – people. For this reason, the group had many words and labels 

incorporated in their concept descriptions.  

 

After having a brainstorming session around sufficient support, the group decided on using a dorsal 

strengthening system for the device. Material on the palmar side should only be placed at places 

where it was absolutely necessary to facilitate touch. This decision was also a strategically made 

decision, since not many splint used this technique.  

 

4.2.2 Concept selection 
 

The five most developed ideas, puzzled into whole concepts were; 

 

1. The pull concept 

This concept was based on an idea, fairly similar to the structure of a Saeboflex, but with 

another design and a low-profile, instead of using a big lever arm for a better angle. This 

concept had springs and a small adjustment at the end of the forearm that would tighten all 

the different strings, by as simple twisting. The strings were connected to three finger caps at 

one to three attachment points. This concept had been tested to some extent with the help of 

plastic parts connected to the fingers with strong thin velcro and wires connected to an 

adjustment at the underarm called BOA (BoaTechnology 2010). 

 

 

2. The pad concept 

This concept was a pursue to mimic the splinting-technique used in some splints for 

individual fingers. These would strengthen a joint of the finger by connecting two pads on 

the dorsal side to one at the palmar side of the finger. The connections were made of a stiff 

material such as metal or plastic and would for some splints include a coil spring to allow 

flexion in the joint. The concept would use this technique for mainly all joints of the fingers 

as well as the wrist of the hand. The concept had not been tested by the team.  

 

3. The finger cast concept 
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This concept was inspired by individual finger casts, found on the internet. These tubes were 

made out of neoprene and would strengthen the fingers because of the materials stiffness and 

thickness. In the finger cast concept, each finger cast would have a velcro connected end, 

attached to a soft wrist support-splint. The concept was tested, both for simple finger casts, 

and for finger casts with built in side-supports.  

 

4. The rod concept 

This concept was inspired by an academic pursue to straighten elbows, affected by 

hemipharisis (S.Viscuso 2008). In this, the elbow would rest against an elastic alloy-rod and 

have the straightening resistance from it, with the help of connectors and pads.   

The idea of the rod concept was to mimic this technique and use two smaller rods for each 

finger. Different possible alloys were studied, and the concept was tested with the help of 

simple drinking straws and tape. 

 

5. The one-piece concept 

This concept was inspired by the elastic lycra gloves, mentioned earlier, and had the same 

function, accept for a more complex weave, and possible strengthening flat fabric-rods that 

could help fingers with extra heavy flexion. The concept had not been tested. 

 

The requirements; durable, powerful, low-profile, adjustable tension, individual finger adjustment 

and easy donning became criteria for the decision matrix that the team formed to evaluate the five 

concepts. Multiple votes was applied in the comparison, which resulted in the finger cast concept 

peaking the score together with the pull concept and one-piece concepts as second. The group 

decided to go with a concept that would combine the finger cast concept with the pull concept, 

because of the wider possibilities that the pull concept gave. These included instant adjustment and a 

possible instant individual adjustment of the fingers. 

The one-piece concept was discarded, because of the present competitors on the market, and its 

complex prototyping, See Appendix D. 

 

The team had still a vague picture of the look of the device, but the new general concept had many 

promising arguments; 

 

 A device with a minimized palmar cover would likely result in less hyper tonicity for the 

patient. See section 2.3.3. 

 Few products on the market where using a dorsal tension when straightening fingers. 

 No other splint used an instant adjustment to control the tension. 

 Only one known product supported the fingers at two points, and no known product used 

three-point support.  

 

 

Despite the vague picture of the device some big design challenges were already known; 

 

 The spacial complexity; a new part as thin as two millimeter could cause a major problem 

in the design. 

 The friction; it had to be enough to counter the pulling force, but not too high if the finger 

caps should slide on when donning the device. 

 Production and customizing; an ideal device had self-adjustable finger caps, and was 

adjustable in other areas to allow mass-production. Possible adjustment-solutions of this 

kind were not easy invented or low-profiled. 

 Breathability; the device had to be breathable to enable long-time using. 

 Cautiousness; a design with the wrong material in some area would easily cause 

strangling of blood to the skin. 
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The Product requirements document was lastly reviewed to control that the new concept had a 

chance to fulfill the key requirements.   

 

4.3 Product Design Phase 
 

The direction of the concept was set out, but the design challenges were still to be dealt with. If any 

of them failed, it would again lead the team back to the drawing board.  

 

The original pull-concept had three attachment points on each finger that would be assembled by a 

pulling string system at the top of the hand. The finger cast concept would use the large finger casts 

only, to distribute the strengthening of the finger, but it had no other function. 

 

The direction of combining the two concepts was to use the function of the pull concept, while letting 

the simplicity of the finger cast concept be the inspiration. This was done by discarding the string 

system and replacing it with comparable, softer parts. A limitation to only use fabrics and rubber was 

also set. 

 

This new concept would be established on two counterweight-areas that the transmission would work 

in between. Firstly, the pulling areas that were connected to the attaching points of the pulling force.  

Secondly, the anchoring areas that would hold the splint solidly in place while the pulling forces 

were applied, See Figure 9. 

 

 
Figure 9. Pulling areas in green and anchoring areas in grey 

 

 

After internet researches, discussions with a fabric expert and a big review of one of Minnesota‟s 

biggest fabric houses some good materials could be found to realize the prototype. 

4.3.1 Designing the finger attachments 
 

The prototyping started with an investigation of the finger parts. Inspired by the fingercast concept, 

several tubes of a thinner neoprene fabric were sewn together. This was to try the materials flexibility 

and possible support. The neoprene tubes would have to be extremely thin in order to not hook into 

each other. The thinnest neoprene wouldn‟t give much support, in combination with bad 

breathability, so the fabric was discarded. 

The neoprene-tubes were instead used to investigate different pulling situations of one-piece finger 

tubes at the dorsal side. The tested situations were: 

 

- Two separate attaching points at the DP-bone.  

- Two separate attaching points at the DP-bone and one centered at the PP-bone. 

- A centered attaching point at the DP-bone and two separate at the PP-bone. 

- A centered attaching point at the DP-bone combined one centered at the PP-bone, and two 

separate at the PP-bone. 
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Most of them were tried out with stiff velcro strings as transmission. In two cases, these strings were 

attached to the DP bone and then separated around the PIP-joint, to see if this would give a nicer, yet 

functional transmission over the joint.   

In one case, a thin circular rubber cord was used to try its resistance and elastic properties.  

In one case a thick square rubber cord was used to try its resistance and elastic properties.  

In one case, the tube was segmented into three parts with stiff fabric around the DP and PP-bone, and 

the elastic neoprene in the middle to see the behavior.  

 

This made the team realize that a segmented tube within elastic fabric at the pulling areas was the 

better option in terms of effect. Thin rubber bands should be avoided, due to their weakness and 

small contact area and a division around the PIP-joint would be preferable for stiff transmission-

materials. A test with the square rubber cord, attached at two points at the DP-bone gave the best 

results in terms of comfort. These rubber cords were sawn in to small sleeves that would direct them 

along the finger.  

 

The pull concept had a purpose of straightening the fingers from several pulling points. Parallels 

could be drawn to Automotive Collision Repairing where the car is straightened by several 

attachment points. 

 

 

”Multiple pulls should be used whenever possible, especially when making the initial pulls. 

This will spread the force of the pull to a larger area to minimize tearing.” 

(Duffy 2001) 

 

The material that risked tearing in this case was the tissues that held the joints and the flexor tendons 

together. They needed a more equivalent pull, to avoid hurt and tearing. This required a resistance in 

the pulling areas that would be built up by tight velcro strings in the earliest tests of the concept. The 

velcro strings would slide after a certain amount of pulling though and the group would then try out, 

neoprene-, rubber tubes to see their behavior.  

Different prototypes of adjustable finger caps was also discussed and created. One of those concepts 

had a honeycombed rubber sheet, which surrounded the finger and was fastened in a plastic part at 

the top of the finger. The problem with these concepts was their complexity of donning. The group 

tried to find a way of tighten all the different caps in one move, but never resolved a functioning 

concept for it. They only had a closely related idea, the bowstring concept, which would strangle the 

different caps with the help of sliding fabric strings. This idea would keep strangling the fingers with 

the force though, so it couldn‟t be used as an adjustment.   

 

After long considerations, the group decided to go with the concept of a one-piece finger attachment. 

Mostly to make the donning of them more intuitive but also to block dirt from entering the caps.  

The finger attachments would be segmented in three, instead of five parts, to simplify the 

prototyping. Each joint would be surrounded with a stretchy and breathable fabric, and the pulling 

areas would have a breathable, high-resistant fabric, See Figure 10. 

 

 
Figure 10. Examples of attachment solutions 

 

The material used over the joint was a thin and soft-knitted lycra fabric. The material used in the 

pulling areas was soft thin suede. 
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4.3.2 Designing transmission 
 

The initial pull concept had a complex wiring system. This system was to be replaced by different 

fabrics that would do mainly the same thing. To adapt, and further investigate the concept of having 

just two cords attached to the DP-bone, a prototype was made in soft velcro. In it, the cords were 

attached by the DP-bone and in a big velcro piece further up, See Figure 11. A similar layer was 

made for the IP-bone and lastly for the PP bone. This three-layer structure was tested together, and 

gave very good results in how the fingers responded. It gave a multi-support, without stressing one 

layer more than the other. 

The curve of necessary resistance for the coming springs was very complex to decide though. Given 

that a healthy person would flex the hand with maximum power would result in a declivitous graph 

for the different angles of making a fist (Li 2000). The most powerful grips occur likewise when the 

hand is fairy open. On the contrary, most springs have a progressive, linear behavior to the 

displacement. A slight declining characteristic could be found in graphs for Disc Springs though 

(MITcalc 2010), but the team could never find an applicable solutions with these springs. This would 

speak for a system with an adjustable resistance, so that at least the opening of the hand could work 

more gently.  

 
Figure 11. Pre-prototypes 

 

Tests using the same technique as the top prototypes, See Figure 11, were also done with elastic 

neoprene sheets taped to the fingers, but these would not easily transfer the force to the purposed 

areas.  

To see the behavior of stiff one-piece sheets, connected to elasticity, three similar sheets were sewn. 

Mainly to try out a new idea with letting the sheets slide on top of each other. These would transfer 

the force well, but be uncomfortable. The fabric, used for this test was a silicone coated rip stop, a 

fabric with extremely low friction. 

After taking inspiration from leaf springs (Andersson 2005), the team decided to try out simple 

elastic springs, in combination with the sliding layers. Since flat, side-by-side going rubber cord had 

showed up the best results in terms of comfort, elastic springs would probably do so as well. 

 

The elastic rubber springs proved to be fairly gentle to the knuckles and good with transferring long-

distance forces. The team was a bit worried about its strength capacity, but the existence of the layers 

made a big difference in strength. 

A fabric expert were contacted, several internet-searches were made as well searches in a fabric 

warehouse to find an elastic spring that would have a low friction. This was never found 

unfortunately, and the team realized that a prototype had to be made of the original elastic spring, 
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and with compensating silicone coated rip stop strings. At least until a provider was found that could 

do good coating on high-friction elastic springs. 

 

The silicone coated rip stop strings and the elastic springs were sawn on top of the two pulling areas. 

They were then attached to a big collecting piece, where they could be individually adjusted about 1 

inch, See the WBS-structure and part placements in Appendix E and F. 

The physician in the innovation team liked this function a lot, since it carried a very controlled way 

of giving tension to the fingers. 

The collecting piece had a soft plastic sheet in it and a low-friction back that would slide on the 

dorsal side of the hand. It was finally attached to a small adjustment, by hooks, See Figure 11. 

The transmission connected to the thumb was a replication of the same system, but it had its own 

adjustment at the end of the device. 

 

To get a hint of the reasonable size of collecting-piece, the minimum length of pull extension was 

calculated, See Table 2. This was done by using the numbers in Figure 4 and Table 1 in the formula 

for arc length, See equation 1. 

 

(1)      

Estimation of minimum pull extension 

 

[inches] Straight fingers    Bended fingers 

Angle MCP 10 20 30 40 50 60 70 80 90 

Angle PIP 0 8 30 52 70 80 85 89 90 

Angle DIP 0 5 20 32 50 54 55 59 60 

Wrist (estimated angles) -30 -20 0 10 20 35 45 65 80 

          

MCP arc length change 0 0.08 0.15 0.23 0.30 0.38 0.50 0.53 0.60 

PIP arc length change 0 0.05 0.11 0.16 0.22 0.27 0.30 0.38 0.44 

DIP arc length change 0 0.05 0.10 0.14 0.19 0.24 0.30 0.34 0.38 

          

PP pull extension 0 0.08 0.15 0.23 0.30 0.38 0.50 0.53 0.60 

IP pull extension 0 0.13 0.24 0.39 0.52 0.65 0.80 0.91 1.04 

DP pull extension 0 0.18 0.34 0.54 0.71 0.89 1.10 1.25 1.43 

Wrist pull extension -0.35 -0.20 0 0.12 0.23 10.38 0.50 0.76 0.93 

Table 2 

 

    

(2)     
 

 

None of the pull extensions differed more than 0.83 inches, See equation 2, which gave a minimum 

length of about one inch. To also enable individual adjustment, an additional inch was added to the 

collecting piece. This size could be seen as acceptable. It enabled a solution where the whole 

collecting piece would fit in the area over the wrist joint, so that the torque could be applied to the 

joints before the collecting piece reached the wrist area. This would give less pressure to the wrist, 

and further, less friction to the skin. 

To cover the spring system and to prevent it from catching with objects in the home environment, the 

device was covered with two sheets of water repellant fabric.  
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Figure 12. Tests with a new pulling attachment and the collecting piece 

 

 

4.3.3 Designing the main support 
 

One of the common splints in physical therapy is the Carpal tunnel splint. This covers the underarm 

and is wrapped around the thumb, to create support for people with weak wrist. The team had two 

carpal tunnel splints at hand that they used as bases when testing finger parts of the device. One of 

these splints was made in a thick soft neoprene. It was donned by wrapping it around the arm and 

closed with a velcro at the palmar side. The other splint was made of a stronger, canvas material. It 

had two built-in plastic rods at the dorsal side of the splint, and was closed by three straps at the 

dorsal side.  

Both splints had built-in metal supports that covered the palmar side of the under arm and reached to 

the middle of the palm. When using the neoprene splint, this metal support would be very obvious, 

because of the elasticity in the neoprene fabric.  

 

The team liked both splints and wanted them to work as inspiration for their own device. The stroke 

survivor in the team liked the neoprene splint a lot, because of its softness. A steady wrist support 

that prevented the wrist from turning sideways was also desired.  

To prevent the splint from become flaccid, the team decided to use a thick breathable canvas fabric 

as a base and soft lycra sewn in at the reverse side of the canvas. A narrowed middle was cut in the 

area of the wrist joint, to prevent the canvas from buckle. The top of the canvas was covered with 

silicone coated rip stop fabric, to allow movement. 

As adjustments to fit the arm, two straps with reverse loops were added. These straps where picked, 

because they allowed easy donning with just one hand.  

 

 
Figure 13. The main support at different stages 
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The envisioned wrist support should keep the palm as open as possible and work as a base for the 

rest of the system. The techniques used in the carpal tunnel splints could therefore not be directly 

translated to the new device. The tensions between the fingers and the adjustment could easily cause 

it to buckle in the middle. To prevent this from happening, some of the suede with high friction was 

placed at the back of the splint. A detailed description can be found in Appendix F. According to 

tests on other wrist supports, a short splint would give less amount of muscle fatigue (Collier 2001). 

The team would therefore try to get the support as short as possible. 

 

The key element used for supporting the wrist in other splints was the metal bar, mentioned earlier. 

To keep the palm as open as possible the team would construct a separate sleeve for a bar.  

The sleeve was made in a thicker material still capable of breathing. With the metal bar inserted to 

the splint, the support would work as good as other wrist supports. 

 

Many researchers within the medical field have pointed out that splints which completely block a 

joint may cause fatigue to tissues and muscles connected to it. Splints that used semi-dynamic 

support, such as springs or stretchy materials had better results. Literature also showed an increased 

risk for hyper tonicity, when the skin comes into contact with hard objects against the palm 

(Cluthfield 1995). The stroke survivor in the team could confirm this muscle-behavior. 

The theories encouraged the team to try an additional approach of supporting the wrist. A suede-

support was built around the area right before where the fingers start, See Figure 14. This was then 

attached to two broad pieces of elastic spring that ran up through the device. These were lastly 

attached to the reverse side of the collecting piece, See Figure 11. In this approach, the wrist support 

would act in the same time as the fingers, so that the user would be allowed to extend the wrist 

gradually. It could additionally be adjusted at the collecting piece, which could help when the wrist 

needed to be directed laterally.  

 

 
Figure 14. A demonstration of the metallic bar placement, and the alternative wrist support 

 

4.3.4 Designing the adjustment 
 

Ideas on possible adjustments came early in the project. At this point it was very unclear if the 

adjustment system would consist of a gathered system for all fingers, or if it would support the 

fingers separately. One of the thoughts was to adapt the adjustment to three fingers only; The thumb 

and the two first fingers. This could result in a slimmer prototype, with a simpler wrist support.  

A returning concept for the adjustment was to let the collecting piece be connected to a track that 

made the adjustment. This would have the benefit of spreading the tension along the tracks which 

covered big areas of the wrist support. It was never built though, since bendable plastic parts were 

required for these thought-out concepts.  

 

An adjustment that was suggested early in the project was the BOA (BoaTechnology 2010). This was 

a small circular adjustment that rolled up a wire. To get a bigger tension, the adjustment would just 

be cranked in one direction, and in the other direction for loosening it. 

The BOA had a diameter of approximately 1.5 inch, which was ideal for the device. 
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The use of simple hooks along the wrist support was also a suggested solution. The hooks could 

either be connected directly to each one of the fingers, or to the collecting piece.  

The disadvantage with this general concept was that the user would have to balance up the resistance 

merely with the other hand when adjusting the tension. 

 

The group decided to use the BOA as adjustment. This would allow the user to first give response 

about using two BOAs, before making a second version with a potentially different adjustment.   

 

4.4 Final function  
 

The final prototype was donned by upholding the fingers to the wrist piece, and then donning each 

finger to the finger piece, See Appendix D. The thumb could then be donned to its own tube, at the 

side of the device. The finger pieces of the device were sown in to the canvas with the elastic lycra 

material. This enabled the user to stretch the finger pieces lengthwise for about 1.5 inch if needed.  

Two velcro straps would be closed around the arm through the loops, and the device would be in 

place. If one finger had heavier tone than the other, the device could be opened and the user could 

adjust the tension of the finger at the collecting piece.  

The lateral direction of the wrist could also be adjusted, at the reverse side of the collecting piece. 

 

At this point, the user could crank the BOA-adjustments to get the tension in the device.  This could 

be done gradually, at any speed the user preferred. When the fingers were fully extended, the user 

could do manual tasks, such as grabbing a scissor, See Figure 15. He or she would feel it touching 

the palm, but, would have less touch in the finger areas.  

Lastly, if the user wanted to release the device he or she would turn the BOA in the opposite 

direction until the tension was low, and then doff the device. 

 

 
Figure 15.Use of the prototype in a manual task 

 
 

 

 

 

 

4.5 The user experience 
 
The new device was evaluated by the stroke survivor of the team, as the project reached its end. 

Questions were asked about its capability to extend the fingers, the experience of the adjustments, 

heat, and the over-all experience. The team member had former experience of rehabilitation with the 

Saeboflex device. This helped a lot when comparing the two devices. 

The response to the new device was over all positive. The donning was finished in a reasonable time 

without assistance. The resistance from the elastic springs was estimated to be equally strong as the 

springs in the Saeboflex, and the user could bend and extend the fingers voluntarily. 
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After wearing the device for approximately 10 minutes the heat was evaluated. No sweating had 

occurred during this time, and the user confirmed it as “not too warm”.  

What the user liked most about the device was its softness, and the function of the two BOA-

adjustments. 

Problems of the device could be found in the areas connected to the collecting piece. This would 

skew laterally and as well hurt, because of the plastic piece built in to it.  

 

4.6 Unique features 
 

Among the features that the new concept housed where some - already explored ones- and some 

novel. The novel features were of most value, since they could be applied, and claimed as invented 

by the research center itself. A tabulated overview was made of the features to divide them, See 

Table 3. It should be said that all of these features are fairly unique, despite reminding examples 

found in other splints. Many of these examples cannot be directly comparable though, since their 

main functions are distinctly different.  

 

Unique features 

 

Features The new concept Seen in other splints 

A spring resistance that allows 

functional tasks  

    

Pulling from multiple 

attachment points 

   

Separate pulling forces, by the 

use of low-friction materials 

   

Has an open palm area     

Avoids sharp edges     

Fends off traction response 

without hurting the joints 

    

Pulls from dorsal side only, to 

avoid flexion-torque in the DIP 

joint. 

    

Has no impact on the joints 

from the palmar side  

    

Instant adjustment of the 

tension in fingers and wrist 

   

Table 3 

 

These useful features were outcomes of the first elaboration with the new concept. Some of them can 

be found in other splints, but no other splint combines them all. Future versions may also apply 

features like lateral directing of the fingers, a better adjustment and a one-movement finger 

attachment.  

 

To clarify the function, and basic idea behind the device, an additional view was created to be used in 

a provisional patent, See Appendix G.  

 

4.7 The evaluation of the handbook 
4.7.1 The use of the handbook 
 

The Innovation Handbook was a good tool at hand when leading the design process at Sister Kenny 

Research Center. This was confirmed both by the project leader and the other members of the 
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Clinical Innovation Team. The team liked the categorization, related to the phases in the book. The 

pictured overview of the phases was especially appreciated. 

 

4.7.2 Suggested changes and additions 
 

 It does not state a suggested format for the goal and problem definitions of the project. An 

example of a standard goal definition look could be included in the handbook to prevent 

confusion in the team. In this project the goal definition was divided in three parts so that it 

became three foundational statements, See section 1.3.1. It can be further discussed, whether 

this should be standard or not. 

 It is hard to tell where project-delimitations should be stated for the project. These could 

possibly be incorporated in the Product requirements document. 

 The category nice-to-have features could be a good addition to the product requirements 

document. The category “key requirements”, could also be replaced by using must 

requirements only. This would ease the categorization of the requirements, and prevent 

misunderstandings. 

 Guidelines for a good patent application could be included, preferably at the end among the 

orange pages of the handbook. Section 2.1.5 in this thesis could work as a base for this. 

 Guidelines for the application of concept screening and concept scoring with Pugh matrices 

could be included. A standard file for these could be stored in the database. 

 A standard format for the Gantt chart could be useful when communicating time-plans. This 

standard file could be stored in the database.  

 When phrasing the need statements a visual need-zone chart could be at hand, to visualize 

strategic direction of the new product. 

 The stake-holders analysis could be placed in the very beginning in the handbook and be 

runned by the project leader and the project owner only. This could be useful in the 

beginning of the project, when possible team members are recruited. 

 For a more effective evaluation of the handbook, an editable version could be provided to the 

student, and later saved in the database at the end of the project. The changes that the 

students make would then facilitate when creating a second version of it.  

 

It should be mentioned that resources related to these suggestions can be found in the Dropbox folder 

for this project. This includes guidelines for the application of Pugh matrices as well as suggested 

templates for Gantt charts and Pugh matrices, which can be useful in the making of a new handbook.  
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5. Discussion 
This chapter discusses the result of the project as well as the application of the work methods in it. It 

begins with a reflection around the acts in the project foundation phase. A discussion is then leaded 

around the communication in the project, as well as findings and experiences in the later phases.  

These were vital to the project, and could be a lesson for other leaders of clinical innovation teams.  

5.1 Applying a foundation  
 

The foundation phase included many pending discussions about where the end-product should be 

targeted. It was not until the later part of the Project Foundation Phase, that the group really stated 

the direction of the project.  

The more defined direction described the project as “an investigation of radically different 

concepts”. It wasn‟t just about making minor changes on an existing device, but also to let the new 

concept influence the treatment of today.  

The placement on a need zone scale would be in the beginning of the Blue-sky zone, when related to 

the theory in section 2.1.2 (Zenios 2010), See Figure 14.  

 

 

 

 
 

Figure 14. Need zones chart 

 

 

At the end of the project the final concept could be placed in this targeted zone as well. It became a 

mix between a harder device and a soft glove. The concept also affects the treatment methods in that 

it allows the patient to wear a functional device longer, and in new environments.  
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5.2 Lessons of the Design Process 
 

5.2.1 The foundation phase experience 
 

A vital part of the communication arrangement in the project was the weekly meetings for the team. 

The weekly communication that the team had by email was important and facilitated the work. The 

major advancements of the project would still take place when the group met face-to-face, like the 

theory suggested (Hewitt, 2006).   

The times for weekly meetings, were very much dependent on the participants schedule the first two 

months. This matching was often time-consuming, and could also jeopardize the process 

advancements. Regular meetings on a specific weekday, was later arranged to fix this problem. This 

arrangement showed to be the best. Even though all team members wouldn‟t be able to always meet 

up, the participation would improve after the change. 

 

External communication in the project was mainly directed to different vendors and the fabric expert, 

mentioned in section 3.2.4. It was hard to find good external contacts, that could give advice in this 

field. The institute of ergonomics had problems with giving further references, and the team was 

pretty much left to solve the problem on its own.  

It could have been an advantage to collaborate with a competitive splint provider, to share knowledge 

and to get a better picture of the general work methods in the field. A new collaboration was out of 

scope for this project, but the benefit of it in terms of efficiency could be considered for future 

development (Allen, 1984).  

The common database created in the beginning of the project worked well for strengthening the 

communication, as suggested in literature (Koop, 1993). This was especially true in the concept 

phase, when the team was encouraged to use archived paper-sketches from the former 

brainstormning sessions as a resource for new inspiration.  

 

The so called living documents in the database was intended to work as a form of discussion forum in 

the group. This was never realized though, since the group members were unused to this form of 

communication, and found it hard to navigate in the database.   

The experience from this would suggest picture folders as the best motivation tool, when a group 

needs to start navigating in a new database.  

 

5.2.2 The conceptual phase experience 
 

One of the initial goals of the project was to make the staff of Sister Kenny Research Center familiar 

with the Innovation handbook, and of product development in a structured way. 

 

Part of this was the use of creative tools, mentioned in section 3.2.4. In the beginning of the 

conceptual phase, a noticeable difference could be seen between team members, in their reaction to 

creative methods. A change could eventually be noticed in team members‟ behavior though. Their 

new-found experience had made them more ascertain of the phase categorization of the process. 

Team members who initially were unused to expressing incomplete ideas, became much more 

confident in doing this eventually. Gradually, the whole team started to express their ideas equally as 

much.  

 

This experience would suggest that the use of creative tools could call for a gradual creative behavior 

among individuals, if applied for a longer period of time.  

 

Crosspollination (Lund, Innovation Handbook 2009), and the use of decision matrices were instantly 

accepted tools among the team member. This correlates very well with the theories in section 2.1.7. 

that suggest that the medtech industry in specific, had an abundant amount of crosspollination 
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opportunities and examples of it. It was probably easy for the team members to relate to 

crosspollination, since they had seen many examples of it.  

Likewise, when it came to decision matrices many of the team members were used to systems which 

showed the right answer, quickly and consistently (Zenios 2010). 

 

5.2.3 The design phase experience 
 

The making of a functional prototype was the most time-consuming task of the project. Mostly 

because of its many parts, but also due to the forming of the concept in particular, that took place 

simultaneously.  

It was vital to have the stroke survivor and former splints as reference, when designing the device. 

Most prototyping materials were without references and no reliable statistics was found for the hand 

strength of stroke patients. The lack of scientific properties in these areas made it absolutely 

necessary to have a user at hand when dimensioning the device.   

This experience further confirms the importance of user integration within medtech, as suggested in 

the literature, see section 2.1.1and 2.1.2. 
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6. Conclusion 
This chapter gives a summary of the most important findings for the fulfillment of the product 

requirements and for the work model. It is closed with recommendations for further work. 

 

6.1 Team efforts 
 

The final concept in this innovation project resulted in a fairly unique product. A reason to this could 

be the high ambitions and creative persistence that followed the project through its phases. The team 

believed that the goals were attainable, and wouldn‟t give up trying to reach them until the concept 

made progress, like in the High performance cycle (Locke 1990).  Part of this innovative spirit was 

also the direction of the goal settings. These were phrased to meat needs in the Blue-sky zone, and 

wouldn‟t be reached until novel elements became part of the device.  

This direction was likely the right choice from a strategic point of view, since a fulfilled Blue-Sky 

need has more potential from a commercial view. 

 

The amount of minor-prototypes created along the project, could have contributed to the results. 

Many innovators have noticed a linkage between a big number of prototypes and their best ideas 

(Kelley 2005).  

This repetitive attitude could also be applied for the introduction of creative methods. When an idea 

session takes place followed by several similar rounds, it will eventually force continues creative 

behavior. As the staff at Sister Kenny Research Center gets more used to the concept of creative 

tools, more advanced techniques could be introduced to the teams.  

 

6.2 Purpose fulfillment 
 

The purpose of the project, mentioned in Section 1.2.4. was fulfilled, in that the conceptual ideas, 

from the creative process resulted in a lighter, more user friendly prototype. This prototype could 

most likely help the stroke patients training, and allow them to use it for a longer period of time in 

their recovery phase.  

The team members at Sister Kenny Research Center have also become more used to their product 

development process. It was clear that it became more accepted, and easily applied at the end of the 

project.  

 

6.3 Possible measures 
 

The team had many ideas for possible tests that could optimize the final design of the device. Many 

of the tests could not be performed during the limited time for the project. To keep them and other 

findings in memory the following lines were written; 

 

6.3.1 Production and variations 
 

The donning was in big focus when the team gathered to discuss the new device. The donning 

procedure stood many times, in direct contrast to other requirements for it. One of them was the air 

inlet and touch at the palmar side of the hand. At first, the team imagined separated finger caps, with 

built-in air holes. After further considerations the team decided to close these, and let the finger tubes 

be one-piece sawn. This would be less confusing for the user, when they were donned.  

 

The user of the innovation team would often stress simplicity when discussing the design. This could 

be a way mark for continued design of this initial concept. 
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The production for this device is complex due to the detailed customization that has to be done. To 

simplify it, a refined version of the bowstring concept mentioned in section 4.3.1 could be 

considered.  

 

As mentioned, in section 4.5, the collecting piece of the device had problems with lateral 

movements. This is due to the BOA-adjustment, which pulls the wire from only one side. The 

behavior of the collecting piece could be compensated by a thicker track on the wrist support and 

smoother hooks at the end of the collecting piece. The other adjustment concepts could also be 

considered, see section 4.3.4. 

6.3.2 Possible tests 
 

It is recommended that the material selections should be analyzed beyond what is done. A big 

concern for the new device was its durability. Parts like the thin lycra and the seamlines would 

potentially break first. These could be tested and replaced by better materials to make an equal 

lifetime for all parts of the device.  

 

Further things that could be tested are the materials washability. No tests have been made to show 

this yet, but it is a reasonable goal to make the device washable, if the BOA stays removable as in 

Figure 13. 

 

The elastic springs in the device could likely lose tension with time. This risk has to be tested closely, 

as well as their friction. 

 

Some examples from the use of static splints showed that a big opposition to the finger joints could 

cause deformation in the long-run. The therapist could keep this in mind if the splint is tested for 

long-period usage. 

 

A design that agreed with the donning procedure was one of the most emphasized goals of the 

device. Observational user-tests could be done, to point out facilitating design changes.   

 

6.4 Recommendations for further work 
6.4.1 Proof of concept 
 

A number of measures could be taken to further demonstrate the feasibility of the new concept. A 

key element to this is to find the right elastic springs. Thinner, potentially surface-treated elastic 

springs could easily simplify the design and also give it a more distinct low-profile.  

It is also advised that the adjustment of the device is stabilized. A simpler solution, without the 

instant adjustment could also be considered. Some of the strongest traits of this concept are its 

capability of gently extending the hand and to stimulate the dorsal side, rather than the palmar.  

The instant adjustment is also a unique feature. These features could be utilized in marketing.  

 

 

  



37 
 

7. References 
 

Adamsson, N. "Interdisciplinary integration in complex product developement - Managerial 

implications of embedded software in manufactured goods." 2007. 

 
Allen, T.J. "Managing the Flow of Technology: technology transfer and dissemination of 

technological information within the R&D organization." The MIT Press Ltd, Cambridge; Mass., 

1984. 

 
Andersson, Sören. Systemutveckling. KTH, 2005. 

 
Benik. 09 21, 2010. http://benik.com/adults/wrist/w-700. 

 
BoaTechnology. 10 02, 2010. http://www.boatechnology.com/. 

 
Cluthfield, Carolyn A. Motor control and motor learning in rehabilitation. 1995. 

 
Collier, Sarah E. "Range of Motion at the Wrist: A Comparison Study of Four." American Journal of 

Occupational Therapy, 2001. 

 
Duffy, James E. I-Car Professional Automotive Collision Repair. 2001. 

 
FDA Classifications. 10 03, 2010. 

http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/Overview/ClassifyYourDevice/

default.htm. 

 
Handsurgeon. 2010. http://handsurgeon.com/wp/?page_id=15. 

 
Hewitt, P. "Electronic mail and internal communication: A three-factor model." Corporate 

Communications: International Journal, Vol. 11, No. 1, 2006: 78-92. 

 
HIPAA, Health Insurance Portability and Accountability Act. 10 03, 2010. 

http://www.hhs.gov/ocr/privacy/hipaa/administrative/privacyrule/index.html. 

 
Hägg, Göran. "Handintensivt arbete." 2001. 

 
IRB, Institutional Review Board. 10 03, 2010. http://www.allina.com/ahs/research.nsf/page/forms. 

 

Kelley, Tom. The ten faces of innovation. 2005. 

 

Kinesiotaping. 09 21, 2010. http://www.kinesiotaping.com/kinesio/products.html. 

 

Koop, R. Grant, R. "Information systems and power: structural versus personal views." ACM, USA: 

New York, 1993: 265-272. 

 

Li, Zong ming. "The Influence of Wrist Position on." The Journal of Hand Surgery, 09 2000. 

 

Locke, Edwin A. "Work Motivation and Satisfaction: Light at the End of the Tunnel." Psychological 

Science, Vol. 1, No. 4, 1990: 240-246. 

 

Lund, Katarina. Innovation Handbook. Stockholm: KTH, The Sister Kenny Reseach Center, 2009. 

 

Lund, Katarina. Innovation projects in clinical settings. Stockholm: KTH, 2009. 



38 
 

 

McNeill, Alexander R. The human machine- how the body works. 1992. 

 

MITcalc. 11 28, 2010. http://www.mitcalc.com/doc/springs/help/en/springs.htm. 

 

Pattersonmedical. 09 18, 2010. http://pattersonmedical.com/app.aspx?cmd=get_product&id=97798. 

 

Pugh, Stuart. Total Design: Integrated Methods for Successful Product Engineeering. Addison-

Wesley, 1991. 

 

Roam, Dan. The back of the napkin. 2008. 

 

Roli, Fabio. "Inversive Kinematics with hand constraints." ICIAP, 13th international conference, 

2005: 886. 

 

S.Viscuso. "Pseudoelastic ally devices for spactic elbow relaxation." ICBME2008, 2008. 

 

Saebo. 09 21, 2010. http://www.saebo.com/products/saeboflex/. 

 

SaeboStretch. 09 21, 2010. http://www.saebo.com/products/saebostretch/. 

 

Sanders, E., & Stappers, P. J. "Co-creation and the new landscapes of design." 2008. 

 

Song X.M. Thieme, R.J. Xie J.H. "The impact of cross-functional joint involvement across product 

developement stages: an exploratory study." Journal of Product Innovation Management Vol. 15, 

1998: 289-303. 

 

Technical Information - Neoprene. Du Pont Performance Elastomers, 2003. 

 

Ulrich, Karl T. Product Design and Development. 2008. 

 

V.Savescu, Adriana. "A technique to determine friction at the finger tips." J Appl Biomech, 2008. 

 

Watson, Martin J. "An evaluation of the effects of a dynamic lycra orthosis on arm function in a late 

stage patient with acquired brain injury." Brain Injury, 06 2007: 753-761. 

 

Wikipedia. 02 30, 2011. http://en.wikipedia.org/wiki/Splint_(medicine). 

 

Zenios, Stefanos. Biodesign The process of Innovating Medical Technologies. Cambridge University 

Press, 2010. 

 

  



39 
 

Appendix A: Time plan 
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Appendix B: Product requirements document 
 

 

Must requirements – in order to be successful (safety, comfort, main problems) 

Have a sufficient support to help a person with light hemi paresis to grasp and release objects. 

Assist when patients wish to continue their training at home. 

Have a more slim shape then the Saeboflex. 

Should be comfortable 

A functional prototype should be produced, for patients with light hemi paresis. 

Easier to put on, then the Seaboglove. 

 

Should requirements – not individually determinants of success  

Having the appearance of a glove 

The solution should be adapted to the rehabilitation programs given by Allina hospitals. 

Enable a prolonged stretch, due to the increased time, compared to Saeboflex. 

Manage to position each finger of the hand in preparation for grasping. 

Make a ground for a provisional patent 

Be cheaper than the Saeboflex 

Have a regulator, which customizes the rigidity that supports each finger. 

Perceived as comfortable. 

Reduces perspiration, so that no sweating appears within 10 minutes.  

Stimulate usage. 

The solution should be passive 

 

Key requirements (5) 

Have a sufficient support to help a person with light hemi paresis to grasp and release objects. 

Assist when patients wish to continue their training at home. 

Have a more slim shape then the Saeboflex. 

A functional prototype should be produced, for patients with light hemi paresis. 

Easier to put on, then the Saeboglove.  

 

Nice-to-have features 

A lifetime for more than a day. 

Enable direct contact between the skin of the fingers and the object.  

Have an esthetic look  

Disposable/ washable, removable parts for routine cleaning? 

Allow the patient to put it on within 1 minute. 

Have three standard-sizes. 

Have a sufficient support to help stronger hemi paresis. 

Not lead to muscle pain, ulcers, joint damage, hypermobility or contractures, when used under a long 

period of time. 

a reduction in „dynamic‟ contractures 

Not rustle  

 

Product delimitations 

The product only incorporates the affected wrist and hand. 

Not violate similar patented products. 

The project won‟t apply for an IRB – permission during this phase. Therefore, no tests will be 

executed. 

The product will be created to fit people from ages 15 and up.  

 

 



41 
 

 

Appendix C: Interview guide 
 

 Could you think of another tool than the Saeboflex, that could be useful? 

 What do you think about the present equipment? 

 How do you feel about using it? 

 Do you have issues about the equipment being uncomfortable, or are you scared to use the 

Saeboflex  or the Kinesio tape? 

 Why do you feel that? 

 How long can you use it? (in minutes) 

 How would you suggest we change it? 

 Would you wear a glove over the night, if it helped you? 
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Appendix D: Decision Matrix 
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Appendix E: Current WBS 
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Appendix F: The device 
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Appendix G: Additional view of the device 
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1. High friction fabric  

2. Soft elastic fabric 

3. Under arm adjustment 

4. Solid base part with low friction top layer and high friction back 

5. Elastic springs with low friction surface 

6. Collection piece 

7. Attachment strip 

8. Strap connected to the Attachment piece 

9. ClunkClip 

12. Cover fastener strips 

 


