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EXECUTIVE SUMMARY

In November 1998 the Rehabilitation Engineering Research Center on Technology Transfer (T2RERC), partnered with the RERC on Wheeled Mobility to begin the Demand-Pull Project on Wheeled Mobility.

The goal of this Project is to identify unmet needs in the wheeled mobility industry segment (manual and power wheelchairs, and scooters) and to facilitate the transfer of technology solutions from Federal Labs, research institutions and other advanced technology developers to meet these needs.  

The Project focused on four technology areas: manual wheelchair propulsion; motors and drive-trains; materials and components; and power, power management and monitoring.  Technology needs identified within these four areas represent important and unmet customer concerns having a significant business potential for manufacturers.  Further, technology solutions required to   address these needs are likely to be beyond current industry capabilities or resources.    

The Project depends upon the participation of a wide variety of disability specific stakeholders.  In the case of the Wheeled Mobility Project these include product end-users (consumers), referral sources (clinicians), evaluators of existing or developing technologies (clinical researchers), producers of technology for commercial application (manufacturers), innovators of new technology (Federal Laboratory Consortium scientists), as well as representatives from various governmental agencies.  

Full stakeholder participation helps to ensure that: unmet needs of consumers and manufacturers are clearly identified; the technological state-of-the-practice for current products is well characterized; and reasonable design and performance parameters are established for both short-term and long-term technology solutions.  Particular benefits to stakeholders include that product customers help shape the design and performance characteristics of next generation products; scientists, engineers and clinicians become aware of research needs and opportunities and manufacturers are introduced to business opportunities and advanced technology solutions. 

Further details on the steps and process of the Wheeled Mobility Project can be found in the Project Description of these Proceedings.

Project Description

Introduction

The T2RERC's Demand Pull Project focuses on the transfer of emerging technologies, R&D capabilities, or design expertise from Federal Labs, advanced technology manufacturers, and researchers (referred to as "technology developers") to assistive technology manufacturers (referred to as "technology consumers").

The T2RERC Project utilizes a five-step process: 

1) Select the Industry Segment 

Each year, the T2RERC in partnership with a sister RERC begins a new demand-pull Technology Transfer Project that targets a distinct assistive technology industry segment. The partner RERC plays a key role in selecting the industry segment and in the identification of candidate technology needs.

2) Identify Technology Needs 

Selection of specific technology needs relies upon the triangulation of information obtained from product end-users, technical and clinical experts and manufacturers. Consumer panels are utilized to obtain end-user information. Interviews are utilized to obtain information from technical experts, clinical experts and manufacturers. The T2RERC works with interviewees to protect intellectual property and business interests.

The T2RERC develops white papers and an industry specific profile to compliment and expand upon the information derived from the interviews and panels. A white paper is written for each distinct area of technology need. A white paper includes information on unmet customer needs; market information; business opportunities; and technology state-of-the-practice for products now in the market. The industry profile provides details about relevant manufacturers and products, it also identifies the overall market size, distribution channels, reimbursement issues, trade shows, and conferences for the targeted market segments. The partner RERC identifies reference materials, and reviews and validates the white papers and industry profiles. 

3) Validate Technology Needs 

A stakeholder forum is convened to provide additional focus and detail for the technology needs identified. Forum participants include: market, research and technical experts; advanced technology developers from related industry segments; product customers (e.g. end-users, clinicians, therapists, equipment vendors and service technicians); and private and public resource providers (e.g. representatives from federal agencies and national associations). Prior to the Forum, all participants receive the industry overview and "white papers" that provide market and technical background on the technology areas to be discussed. 

The purpose of the Forum is to: 

   1.Clarify and validate the existence of significant customer needs not addressed by current technology. 

   2.Validate that the unmet customer needs represent a significant business opportunity. 

   3.Validate that significant technical innovation is required to meet these customer needs. 

   4.Validate that the technical innovation cannot easily take place within the industry segment. 

   5.Establish design and performance targets for the technical innovation. 

   6.Identify barriers that might prevent the successful development or transfer of the technical innovation. 

Stakeholder Forum outcomes and all prior work are used to generate problem statements that summarize customer needs, business opportunities, and technical needs and specifications. 

4) Locate Technology Solutions 

A web site is developed (located at the Research Triangle Institute) to disseminate problem statements and promote the technology transfer project to Federal Laboratories, advanced technology manufacturers, research institutions and other technology developers. Additional project promotion is accomplished through the T2RERC and partner RERC web sites; press releases; articles in journals, newsletters and trade publications; and presentations at trade shows and conferences. Technology developers are identified and contacted through phone, email and mail correspondence. 

Technology developers submit [most] technology proposals through the project web site. Initially, all submitted solutions are non-proprietary. To confirm that technology proposals address customer needs, manufacturer needs and are also technically feasible the T2RERC and partner RERC review the technology proposals. External technical or industry experts may be utilized as part of this review. Proprietary information may be requested from the technology developer. In such cases, mechanisms to protect intellectual property are worked out between the technology developer and the T2RERC. 

For promising technology proposals, disclosure agreements are negotiated between the T2RERC and these technology developers. These agreements allow the T2RERC to act as an agent of the technology developer when manufacturers. 

5) Transfer the Technology Solution 

The T2RERC, in partnership with AZtech (a marketing firm under sub-contract to the T2RERC), prepares a commercialization package. The commercialization package summarizes the end-user needs to be met, the business opportunity to be realized, the target technical specifications to be met, the technology proposal submitted to meet these specifications, and a business plan by which to achieve the transfer. 

A marketing plan is developed that identifies target manufacturers and the strategy that will be employed to contact and present the commercialization package to these manufacturers.

The technology transfer is completed through mechanisms such as licensing the technology directly to a manufacturer; establishment of a research and development agreement between manufacturers; or a cooperative research and development agreement (CRADA) between a federal lab and a manufacturer. 

Technology Transfer activities of the T2RERC are funded by a grant from the National Institute of Disability and Rehabilitation Research. The T2RERC receives no financial benefits from technologies transferred under this project.

Demand Pull Projects 

Summary of Progress to Date

In September 1999, the "Demand-pull Project on Wheeled Mobility" was started in partnership with the RERC on Wheeled Mobility (Mobility-RERC). As of December 1999, the first three steps (Select Industry Segment, Identify Technology Needs, Validate Technology Needs) of the project have been completed. We are activity engaged in the completion of the fourth step (Locate Technology Solutions). To date, we have received approximately sixteen technology proposals. Dissemination of problem statements; and the solicitation and screening of proposals will continue until such time that appropriate technology solutions are identified.

In September 1999, a second project, the "Demand-pull Project on Hearing Technology" was started in partnership with the RERC on Hearing Enhancement and Assistive Technology (Hearing-RERC). As of March 1999, the first two steps (Select Industry Segment, Identify Technology Needs) will be complete. We are activity engaged in the completion of the third project step (Validate Technology Needs). 

Timeline And Milestones: Demand-pull Project On Wheeled Mobility 

October 1998: Project Inception

November 1998: Staff at AZtech and the T2RERC completed a comprehensive industry profile for the manual wheelchair, power wheelchair and scooter

industries. This profile includes but is not limited to: manufacturers, product and contact information, and market share; market profiles; component suppliers; laws, regulations and reimbursement issues; trade organizations and journals; and shows and conferences. 

February 1999: Consumer panels and interviews with researchers and industry representatives are completed and the gathered information tabulated. A joint

meeting is held involving staff from the T2RERC, RERC on Wheeled Mobility and RTI. Four technology areas are selected on which focus the project: 

White Paper 1: Manual wheelchair propulsion 

White Paper 2: Motors and Drive-trains

White Paper 3: Materials and Components

White Paper 4: Power, Management and Monitoring 

April 1999: Staff at the T2RERC and RTI completed "White Papers" for each of the four technology areas. Each White Paper includes the unmet manufacturer

and customer needs; market potential and business opportunity to be realized if the need is met; the current state-of-the-practice for products and technology; and a short list of open issues. Students and staff at the Mobility-RERC reviewed the White Papers, for accuracy and completeness.

Approximately eighty persons including major manufacturers, leading researchers, Knowledgeable end-users, government officials, and other relevant stakeholders are identified and contacted. After determining their interest and availability, each of these persons is mailed a copy of the four White Papers, a project description, and logistical information pertaining to attendance at and participation in the upcoming Stakeholder Forum. 

May 24th and 25th 1999: The "Stakeholder Forum on Wheeled Mobility" is held in Pittsburgh Pennsylvania. The event is hosted by the RERC on Wheeled

Mobility while staff from the RERC on Technology Transfer managed the logistics, data gathering, breakout group moderation and related activities. Approximately sixty-five persons attended the Forum including manufacturers, researchers, clinicians, end-users, distributors, federal lab scientists and other stakeholders. Data gathered at the Forum added substantially to information developed through earlier consumer panels and expert interviews. Process quality is monitored for the purpose of improving future practices. All participants are asked to complete a survey at the Forum's closing. All staff and student assistants are asked to document their observations and suggestions.

June 1999: T2RERC and RTI staff completed six Problem Statements for the following sought-after technologies:

Problem Statement 1: Geared Hubs for Manual Wheelchairs 

Problem Statement 2: Motors Problem 

Problem Statement 3: Transmissions Problem 

Problem Statement 4: Improved Tires Problem 

Problem Statement 5: Battery Monitoring Technologies 

Problem Statement 6: Battery Charger Technologies 

The principal focuses of the Problem Statements are technical requirements and targets for the needed technology solutions and anticipated barriers to the

realization of these solutions. Each Problem Statement also includes the unmet manufacturer and customer needs; market potential and business opportunities; and the current state-of-the-practice for products and technology. 

A seventh Problem Statement for manual wheelchair power assists was drafted. This Problem Statement has not been widely disseminated because innovative

power assist products were being introduced to the market at the time the Forum was being held. The draft is publicly available upon request from the T2RERC and has already been provided to a number of manufacturers.

Finally, Forum data suggests that the potential is developing for the transfer of advanced battery technology to the Wheeled Mobility industry. Forum participants suggested that the Mobility-RERC take the lead on a "battery consortium" whose purpose would be to monitor the emergence of advanced battery technologies and guide its application to the wheeled mobility industry. The T2RERC believes that it can make a useful and active contribution to the consortium's efforts if it is put in place. 

September 1999: T2RERC and RTI staff completed a web-site for the dissemination of Problem Statements to federal laboratory scientists and other technology developers. Over three hundred representatives of the federal laboratory consortium were notified by mail. 

November 1999: T2RERC staff complete (write, edit, format and compile) the "Proceedings for the Stakeholder Forum on Wheeled Mobility." These Proceedings were mailed to Stakeholder Forum participants and other interested parties. The Proceedings include a summary of the Industry Profile; White Papers; data gathered from forum participants; Problem Statements; data gathered through evaluation efforts; partner descriptions; and participant contact information.

In addition to the activities listed above, staff at the T2RERC and RTI are contacting federal laboratory scientists and advanced technology manufacturers to further promote the Project and Problem Statements. The Project has been written up in Rehab Report (November 1999), RESNA News (November-December 1999), Paraplegia News (July 1999, page 22), in addition to the NEWSLINK article mentioned above. Editors at NASA Tech Briefs have been contacted to determine whether the Problem Statement Abstracts can be disseminated through this publication. 

Four web-sites (the RERC on Technology Transfer, the Federal Laboratory Consortium, AZtech, and the RERC on Wheeled Mobility) currently reference the RTI web-site. These links serve to “funnel” potential technology developers. 

February 2000: To date approximately sixteen technology proposals have been received. Additional proposals are in negotiation. Staff from the T2RERC, the

Mobility-RERC, RTI and AZtech have identified seven technology proposals with good potential for transfer. Commercialization packages and marketing plans are being developed for each of the seven proposals. Disclosure agreements are being negotiated with technology developers. Manufacturers identified in the marketing plan will be contacted once disclosure agreements are in place.

Stakeholder Forum Protocols

The Stakeholder Forum discussions were based upon the information contained in four White Papers disseminated to participants prior to the meeting. Each of the White Papers was developed into a topic area for group discussion. Participants were organized into two sets of four groups based on their expertise or area of interest. 

On the first day everyone was divided into their assigned groups and participated in focus group discussions on one of the four topic areas. The following morning each person participated in a second topic area. This method allowed everyone to be involved in two of the four topic areas, which increased the number of people involved in creating the problem statements used to identify opportunities between technology suppliers (researchers) and technology consumers (manufacturers). 

Participants in the discussions represented all of the stakeholder groups identified in the project outline. A heterogeneous group brings a greater variety of perspectives to the discussion. This method has proven to be extremely useful when evaluating the reality of products in the market and how they interact with the user and their environment. It is also helpful when evaluating issues that are important to product design, development, manufacture and distribution. 

Four moderators lead the four sessions, each responsible for their topic area on both days of the Forum. Moderators led each group with a script developed from the White Papers as well as additional information gathered during the earlier interview phase of the project. A team of technical support personnel who had been involved in the initial research of material for the White Papers was also available to clarify key issues within the group's discussion. As well, T2RERC staff acted as transcribers to document relevant issues from each session. To ensure accuracy of the documentation, each group reviewed the transcript before the session was completed. 

Participants were informed of the process that would be followed during each of the three-hour discussion groups. Each moderator followed a common protocol outline but they were given an element of flexibility to adapt their interview techniques to suit their personal style, and more importantly to adapt to the dynamics of the group itself. This is in keeping with the focus group philosophy of creating an open environment for discussion with the freedom to react to what the group has experienced rather than responding to questions identified by researchers. The moderator’s role was to ensure that the discussions remain relevant to the topic area with the ultimate goal of identifying technical barriers to the development of "next generation" wheelchair or scooter technology. 

The protocols developed for group discussion included six steps: 

1. Establish a common knowledge base of each participant from his or her perspec- tive as the various stakeholders. Issues discussed included the environmental affects on wheeled mobility products, serv- ice or technical experiences, safety issues, and other product related experiences. 

2. Identify current technologies that pertain to the topic area and discuss their limitations and advantages. For example, "What types of wheeled mobility products are on the market?", and identify their benefits and/or limitations as they relate to the experiences in the discussion section above. 

3. Converge on top technologies meeting important end-user needs and addressing current industry limitations. 

4. Identify specific design or consumer requirements to achieve the "ideal" prod- uct. Each participant was encouraged to develop criteria or design specifications of the perfect product (ideal) without limita- tion of current technologies used in the industry. 

5. Identify and define the technical barriers that currently constrain developing the ideal device. 

6. Review notes from discussion to ensure participants agreed with conclusions. 

On the final afternoon representatives from each discussion group presented the results of their group to the full delegation of Forum attendees. Attendees were given the opportunity to contribute to the report if they had additional information or comments that needed to be included. 

The reports from each topic area were collected by the T2 RERC and were used as the basis for writing the problem statements found within this publication.

The Wheeled Mobility Market

The following is a brief summary of the wheelchair and scooter market in the United States.  It is intended to provide the reader with a basic understanding of the market's size based on potential users of these devices.  This section also presents information on the wheelchair/scooter market in relation to the home medical market, including reimbursement issues that may affect the overall sale of the product(s) within the industry.

Users of wheelchairs and scooters include people who are unable to walk, or who have difficulty walking due to neurological dysfunction or muscular weakness.  Individuals who might be likely users include those with spinal cord injuries (SCI), hemiplegia, and other types of paralysis, multiple sclerosis (MS), cerebral palsy (CP), amyotrophic lateral sclerosis (ALS), spina bifida, arthritis, and lower limb amputees (Figure 1).  

Figure 1
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Disability in the United States: Prevalence and Causes, 1992 (LaPlante, 1995)

 Jones & Sanford
 (1996) reported that there were 1,363,026 manual wheelchair users in the United States.  In addition, there were 93,467 power wheelchair users.  This totals 1,459,493 wheelchair users in the USA alone, which is the equivalent of 38% (Figure 2) of equipment purchases for the entire home medical market.  

Figure 2
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Market share of the home medical market by major category.

Source: Find/SVP Inc., New York, 1998

The scooter market is smaller than wheelchairs.  According to Jones & Sanford
 (1996), there are 63,636 scooter users in the United States.  Typical users of power scooters include individuals in need of mobility assistance outside of the home, in particular for travelling long distances. This condition can be temporary, permanent and stable, or permanent and progressive.

Product Classifications

Medicare, Medicaid, Department of Veterans Affairs and insurance companies consider wheelchairs and scooters as Durable Medical Equipment (DME).  Reimbursement is provided depending upon whether it is a manual wheelchair base, a power wheelchair base, or wheelchair options and accessories.  

Durable Medical Equipment consists of items - usually "hardware" - that is used at home (Duff, 1997
).  It must be able to stand up to repeat use, used in the home environment, and be medically useful (that is, its first use must be medical, something a healthy person wouldn't ordinarily need).

Medicare and other health care insurance companies classify scooters for reimbursement as a power operated vehicle (P.O.V.).

A)  Manual Wheelchairs

The key functional ability needed to use a manual wheelchair is the use of at least one arm.    

According to reports from Medicare (Health Care Financing Administration, Office of Information Services)
, the major reimbursement party for both manual and power wheelchairs, manual wheelchairs are one of the top 20 reimbursed products in the USA.  Medicare expenditures over a three-year period for a manual wheelchair grew at a steady rate from $95 million in 1995, to $97 million in 1996, to $103 million in 1997.

B)  Power Wheelchairs

The key functional ability that is required to use a powered wheelchair is voluntary control over some body function that can be utilized to control switch technology when maneuvering the chair.

Medicare
 sources showed a three-year growth rate starting at $24 million in 1995, $64 million in 1996, and $140 million by 1997.

C)  Wheelchair Options & Accessories

Wheelchair accessories and options are considered any modifications or additions made to an existing wheelchair due to medical necessity or recreational purposes and are not sold as part of the original chair.  Options and accessories can include the following items: arm, back, foot and legrests; specialty seats; handrims; rear wheels and wheel locks; batteries/chargers and parts for motorized/powered chairs; misc. accessories, such as cup holders, tote bags, and umbrellas.  While all are optional, reimbursement for coverage will depend on the item as well as the individual's needs.

D)  Scooters

Scooter operation requires the use of at least one arm (for steering and controlling the speed), trunk control for sitting and balance, and the ability to transfer into/out of it.  

"The USA scooter market is expected to grow from $129.6 million in 1997 to $154.4 million in 2001 according to analysts Frost & Sullivan."
.

Reimbursement

When purchasing Durable Medical Equipment, such as manual and power wheelchairs, there are several avenues for reimbursement consumers can consider, both public and private.  These options include Medicare, the major reimbursement source (Figure 3), as well as, Medicaid, the Veterans Administration, private insurance, workers’ compensation, and community service groups (for example, Lions, Kiwanis, and so on).  

It should be noted that, private insurance normally takes precedence over any government sponsored programs.  In these situations the secondary payer, for example, Medicare, will pay the remaining balance if the primary payer does not cover the full amount, or, if the claim is refused by the primary payer: providing the claimant qualifies for Medicare coverage in the first place
.

Figure 3
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Expenditures in the wheelchair market according to methods of payment:

Source:  NAMES Industry Survey, 1997, & HIDA Home Care Financial Performance Survey, 1997

According to the US Census Bureau
, 162 million Americans were covered by private insurance related to employment of self or by family members.  

During the same study period (results gathered from 1987 to 1995), the number of people on Medicaid coverage was 34 million, and those with Medicaid coverage was 32 million.  There were approximately 41 million people reporting no health coverage of any type.

Since scooter users may have some ability to walk scooters are often deemed leisure or recreational items and not medical necessities, and are therefore not reimbursable by some insurance companies or programs.  However, the difference in acceptance may be as simple as the doctor stating that the scooter is required for use indoors and outdoors -- thereby justifying a medical necessity.

A summary of the major funding sources, including information on the legal basis, eligibility requirements, and payment policy can be found in Figure 4.  Specific reimbursement rates are not included in this report due to the individual requirements of each wheelchair prescribed, in particular wheelchair prices and coverage of powered chairs.  Most reimbursement agencies responded the coverage was heavily dependent upon the ability to prove "medical necessity".

According to Medicare
, it requires a physician's prescription for DME.  Also required is supporting documentation, called a certificate of medical necessity that identifies the client's diagnosis, prognosis, the reason that the equipment is required and an estimate from the doctor on the duration that the equipment will be used.

Figure 4 – Overview of Key Funding Sources for Wheelchairs & Scooters

Funding Source
Legislative/Legal Basis
Eligibility
Payment Policies

Medicare, Part B
Title XVIII of the Social Security Act
Persons who are 65 years or older and persons who are under 65, but disabled enough to qualify for Social Security Disability Insurance (SSDI) for at least 25 months.
Durable Medical Equipment (DME) is equipment which can withstand repeated use, is primarily and customarily used to serve a medical purpose, generally is not useful to a person in the absence of an illness or injury, and is appropriate for use in the home.  If considered to be DME, a device is covered, whether purchased or furnished on a rental basis.

Medicaid
Title XIX of the Social Security Act
Categorically needy persons who are eligible for AFDC or Supplemental Security Income programs.  Some states cover medically needy whose income, after medical expenses, fall below income threshold.
Varies from state to state, but generally follows Medicare policies.  Medical necessity is critical factor for payment

TEFRA
Tax Equity and Fiscal Responsibility Act of 1982   Birth through 6  
Provides coverage for children diagnostically eligible (as established by SSI definition), but would be financially ineligible for SSI due to parent income.  Children must meet medically necessity requirements for institutional care
The intent is to provide the necessary services, including equipment for the child, to remain in the home versus institution.

Private Insurance:  

Health, Disability

Liability, and

Self-Insured Employers’ Insurance
Insurance Contract
Persons recognized as beneficiaries/dependents under particular insurance policy
Depends upon the terms of the contract.  In some cases, equipment is specifically excluded, however, often is not explicitly specified in the contract.  Payment then depends upon insurers’ legal obligations, and the role of the desired equipment in meeting those obligations.

Federal/State Rehab: Title I: VR Services;

Title VI: Supported Employment; Title VII: Independent Living; Title VIIC: Independent Living (Elderly Blind)
Rehabilitation Act of 1973 and Amendments

(Title I)
Working age persons who are disabled and have some potential to benefit.  Emphasis is on persons with severe disabilities.  Other Titles of Rehab. Act stress Independent Living/Support Employment, where vocational potential is not the determining factor.
Equipment that is justified as expediting goal of vocational placement.  Usually purchases reserved for clients who are at least job ready (Title I).  In many states, rehab. agency retains ownership to equipment.

Veterans Administration
Title 38 of the U.S. Code
Veteran’s service/financial status -Category A: Service connected veterans or non-service connected, but with income below $15, 000 (single); $18,000 (with dependent).  Category B: Veterans not in Category A, but with annual income below $20,000 (single); $25,000 (with dependent).  Category C: all other veterans.
Equipment is paid for when deemed part of overall medical or rehabilitation intervention, which is dependent upon eligibility status.  VA pays for equipment, such as mobility and transportation aids, when deemed necessary.  Benefits provided to Category B vets on an as-available basis and to Category C vets as available, with some co-payment required. 

Workers’ Compensation
Individual state Workers’ Compensation Laws
Workers covered under employer’s workers’ compensation policy, as mandated by state law.
Many states require physical and vocational rehabilitation benefits as means of helping return injured workers to the workplace.  Equipment is often purchased as part of the rehabilitative process when deemed cost-effective

Credit Financing
Federal Reserve Regulations including anti-discrimination law (Reg. B), and Truth in Lending Law (Reg. Z)
Based upon applicant’s credit history, collateral, and other assurance of the likelihood the loan will be repaid
Some equipment that would be difficult for bank to resell in event of default may need to be secured in other ways, however, borrower basically determines what is to be financed
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