Office of the Secretary Of Defense (OSD), Defense Health Program (DHP)
11.2 Small Business Innovation Research (SBIR)

Proposal Submission Instructions
Introduction

The OSD Defense Health Program SBIR Program, in coordination with the Director of Defense Research & Engineering (Research Directorate) is sponsoring topics in the Biomedical technology theme in this solicitation.
The Army, Air Force and Navy are participating in the OSD SBIR Program on this solicitation.  The service laboratories act as our OSD Agent in the management and execution of the contracts with small businesses.  The service laboratories, often referred to as a DoD Component acting on behalf of the OSD, invite small business firms to submit proposals under this Small Business Innovation Research (SBIR) Program solicitation.  In order to participate in the OSD SBIR Program this year, all potential proposers should register on the DoD SBIR Web site as soon as you can, and should follow the instruction for electronic submittal of proposals.  It is required that all bidders submit their proposal cover sheet, company commercialization report and their firm’s technical and cost proposal form electronically through the DoD SBIR/STTR Proposal Submission Web site at http://www.dodsbir.net/submission.  If you experience problems submitting your proposal, call the help desk (toll free) at 1-866-724-7457.  You must include a Company Commercialization Report as part of each proposal you submit; however, it does not count against the proposal page limit of 25 pages. Please note that improper handling of this form may result in the proposal being substantially delayed. Information provided may have a direct impact on the review of the proposal.  The DoD SBIR Proposal Submission Web site allows your company to come in any time (prior to the proposal submission deadline) to edit your Cover Sheets, Technical and Cost Proposal and Company Commercialization Report. 

We WILL NOT accept any proposals that are not submitted through the on-line submission site.  The submission site does not limit the overall file size for each electronic proposal; however, there is  a 25-page limit.  Please note: file uploads may take a great deal of time depending on your file size and your internet server connection speed.  If you wish to upload a very large file, it is highly recommended that you submit your proposal prior to the deadline submittal date, as the last day is heavily trafficked. You are responsible for performing a virus check on each technical proposal file to be uploaded electronically.  The detection of a virus on any submission may be cause for the rejection of the proposal.  We will not accept e-mail submissions. 

Firms with strong research and development capabilities in science or engineering in any of the topic areas described in this section and with the ability to commercialize the results are encouraged to participate.  Subject to availability of funds, the DUSD(S&T) SBIR Program will support high quality research and development proposals of innovative concepts to solve the listed defense-related scientific or engineering problems, especially those concepts that also have high potential for commercialization in the private sector.  Objectives of the DUSD(S&T) SBIR Program include stimulating technological innovation, strengthening the role of small business in meeting DoD research and development needs, fostering and encouraging participation by minority and disadvantaged persons in technological innovation, and increasing the commercial application of DoD-supported research and development results.  The guidelines presented in the solicitation incorporate and exploit the flexibility of the SBA Policy Directive to encourage proposals based on scientific and technical approaches most likely to yield results important to DoD and the private sector.

Description of the OSD SBIR Three Phase Program

Phase I is to determine, insofar as possible, the scientific or technical merit and feasibility of ideas submitted under the SBIR Program and will typically be one half-person year effort over a period not to exceed six months, with a dollar value up to $150,000.  We plan to fund 3 Phase I contracts, on average, and down-select to one Phase II contract per topic.  This is assuming that the proposals are sufficient in quality to fund this many.  Proposals are evaluated using the Phase I evaluation criteria, in accordance with paragraph 4.2 of the DoD Program Solicitation.  Proposals should concentrate on that research and development which will significantly contribute to proving the scientific and technical feasibility of the proposed effort, the successful completion of which is a prerequisite for further DoD support in Phase II.  The measure of Phase I success includes technical performance toward the topic objectives and evaluations of the extent to which Phase II results would have the potential to yield a product or process of continuing importance to DoD and the private sector, in accordance with Section 4.3.  

Subsequent Phase II awards will be made to firms on the basis of results from the Phase I effort and the scientific and technical merit of the Phase II proposal in addressing the goals and objectives described in the topic.  Phase II awards will typically cover 2 to 5 person-years of effort over a period generally not to exceed 24 months (subject to negotiation), with a dollar value up to $1,000,000.  Phase II is the principal research and development effort and is expected to produce a well defined deliverable prototype or process.  A more comprehensive proposal will be required for Phase II.  

Under Phase III, the DoD may award non-SBIR funded follow-on contracts for products or processes, which meet the Component mission needs.  This solicitation is designed, in part, to encourage the conversion of federally sponsored research and development innovation into private sector applications.  The small business is expected to use non-federal capital to pursue private sector applications of the research and development.  

This solicitation is for Phase I proposals only.  Any proposal submitted under prior SBIR solicitations will not be considered under this solicitation; however, offerors who were not awarded a contract in response to a particular topic under prior SBIR solicitations are free to update or modify and submit the same or modified proposal if it is responsive to any of the topics listed in this section. 

For Phase II, no separate solicitation will be issued and no unsolicited proposals will be accepted.  Only those firms that were awarded Phase I contracts, and have successfully completed their Phase I efforts, may be invited to submit a Phase II proposal.  Invitations to submit Phase II proposals will be released at or before the end of the Phase I period of performance. The decision to invite a Phase II proposal will be made based upon the success of the Phase I contract to meet the technical goals of the topic, as well as the overall merit based upon the criteria in section 4.3.  DoD is not obligated to make any awards under Phase I, II, or III.  DoD is not responsible for any money expended by the proposer before award of any contract.   For specifics regarding the evaluation and award of Phase I or II contracts, please read the front section of this solicitation very carefully.  Every Phase II proposal will be reviewed for overall merit based upon the criteria in section 4.3 of this solicitation, repeated below:

a. 
The soundness, technical merit, and innovation of the proposed approach and its incremental progress toward topic or subtopic solution.

b. 
The qualifications of the proposed principal/key investigators, supporting staff, and consultants.  Qualifications include not only the ability to perform the research and development but also the ability to commercialize the results.

c. 
The potential for commercial (defense and private sector) application and the benefits expected to accrue from this commercialization.

In addition, the OSD SBIR Program has a Phase II Plus Program, which provides matching SBIR funds to expand an existing Phase II contract that attracts investment funds from a DoD acquisition program, a non-SBIR/non-STTR government program or Private sector investments. Phase II Plus allows for an existing Phase II OSD SBIR contract to be extended for up to one year per Phase II Plus application, to perform additional research and development. Phase II Plus matching funds will be provided on a one-for-one basis up to a maximum $500,000 of SBIR funds. All Phase II Plus awards are subject to acceptance, review, and selection of candidate projects, are subject to availability of funding, and successful negotiation and award of a Phase II Plus contract modification.  The funds provided by the DoD acquisition program or a non-SBIR/non-STTR government program must be obligated on the OSD Phase II contract as a modification just prior to or concurrent with the OSD SBIR funds.  Private sector funds must be deemed an “outside investor” which may include such entities as another company, or an investor.  It does not include the owners or family members, or affiliates of the small business (13 CFR 121.103).

The Fast Track provisions in section 4.0 of this solicitation apply as follows.  Under the Fast Track policy, SBIR projects that attract matching cash from an outside investor for their Phase II effort have an opportunity to receive interim funding between Phases I and II, to be evaluated for Phase II under an expedited process, and to be selected for Phase II award provided they meet or exceed the technical thresholds and have met their Phase I technical goals, as discussed Section 4.5.  Under the Fast Track Program, a company submits a Fast Track application, including statement of work and cost estimate, within 120 to 180 days of the award of a Phase I contract (see the Fast Track Application Form on www.dodsbir.net/submission).  Also submitted at this time is a commitment of third party funding for Phase II.  Subsequently, the company must submit its Phase I Final Report and its Phase II proposal no later than 210 days after the effective date of Phase I, and must certify, within 45 days of being selected for Phase II award, that all matching funds have been transferred to the company. For projects that qualify for the Fast Track (as discussed in Section 4.5), DoD will evaluate the Phase II proposals in an expedited manner in accordance with the above criteria, and may select these proposals for Phase II award provided:  (1) they meet or exceed selection criteria (a) and (b) above and (2) the project has substantially met its Phase I technical goals (and assuming budgetary and other programmatic factors are met, as discussed in Section 4.1).  Fast Track proposals, having attracted matching cash from an outside investor, presumptively meet criterion (c).  However, selection and award of a Fast Track proposal is not mandated and DoD retains the discretion not to select or fund any Fast Track proposal. 

Follow-On Funding

In addition to supporting scientific and engineering research and development, another important goal of the program is conversion of DoD-supported research and development into commercial (both Defense and Private Sector) products.  Proposers are encouraged to obtain a contingent commitment for follow-on funding prior to Phase II where it is felt that the research and development has commercialization potential in either a Defense system or the private sector.  Proposers who feel that their research and development has the potential to meet Defense system objectives or private sector market needs are encouraged to obtain either non-SBIR DoD follow-on funding or non-federal follow-on funding, for Phase III to pursue commercialization development.  The commitment should be obtained during the course of Phase I performance, or early in the Phase II performance.  This commitment may be contingent upon the DoD supported development meeting some specific technical objectives in Phase II which if met, would justify funding to pursue further development for commercial (either Defense related or private sector) purposes in Phase III.  The recipient will be permitted to obtain commercial rights to any invention made in either Phase I or Phase II, subject to the patent policies stated elsewhere in this solicitation and awarded contract.

Contact with DoD

General informational questions pertaining to proposal instructions contained in this solicitation should be directed to the topic authors and point of contact identified in the topic description section.  Proposals should be electronically submitted.  Oral communications with DoD personnel regarding the technical content of this solicitation during the pre-solicitation phase are allowed, however, proposal evaluation is conducted only on the written submittal.  Oral communications during the pre-solicitation period should be considered informal, and will not be factored into the selection for award of contracts. Oral communications subsequent to the pre-solicitation period, during the Phase I proposal preparation periods are prohibited for reasons of competitive fairness; however, to obtain answers to technical questions during the formal Solicitation period, please visit http://www.dodsbir.net/sitis. Refer to the front section of the solicitation for the exact dates.

Proposal Submission

Proposals shall be submitted in response to a specific topic identified in the following topic description sections.  The topics listed are the only topics for which proposals will be accepted.  Scientific and technical information assistance may be requested by using the SBIR/STTR Interactive Technical Information System (SITIS).

It is required that all bidders submit their proposal cover sheet, company commercialization report and their firm’s technical and cost proposal form electronically through the DoD SBIR/STTR Proposal Submission Web site at http://www.dodsbir.net/submission.  (This applies to both Phase I and Phase II proposal submission.)  If you experience problems submitting your proposal, call the help desk (toll free) at 866-724-7457. You must include a Company Commercialization Report as part of each proposal you submit; however, it does not count against the proposal page limit of 25 pages. Please note that improper handling of this form may result in the proposal being substantially delayed.  Information provided may have a direct impact on the review of the proposal. The proposal submission Web site allows your company to come in any time (prior to the proposal submission deadline) to edit your Cover Sheets, Technical and Cost Proposal and Company Commercialization Report.  We WILL NOT accept any proposals which are not submitted through the on-line submission site.  The submission site does not limit the overall file size for each electronic proposal, only the number of pages is limited.  However, file uploads may take a great deal of time depending on your file size and your internet server connection speed. You are responsible for performing a virus check on each technical proposal file to be uploaded electronically.  The detection of a virus on any submission may be cause for the rejection of the proposal.  We will not accept e-mail submissions. 

The following pages contain a summary of the technology focus areas, followed by the topics.

Defense Health Program Biomedical Technology Focus Area

The Department of Defense is aggressively pursuing unified Force Health Protection and Deployment Health strategies to protect Service members and their families from health hazards associated with military service. Toward that end, DoD is undertaking technology development programs that save lives and promote healthy individuals, units and communities while improving both force morale and warfighting capabilities.

The operational force is exposed to health threats throughout the operational continuum, from CONUS fixed facilities (garrison, base, ashore) through deployment, employment, and redeployment.  DoD is developing policy and procedures to assess occupational and environmental health threats for all locations.

When Force Health Protection capabilities are fully implemented, commanders will have a more complete view of potential health threats. Integration of assessments from health databases and other assessments from intelligence (e.g., about land mines, directed enemy fire, fratricide) and safety (e.g., about injuries, vehicle accidents, explosives, aviation mishaps) will provide a framework for identifying future medical technology capabilities necessary for Force Health Protection.

Ensuring the health of the force encompasses several key capabilities:

• To mobilize, deploy and sustain medical and health support for any operation requiring military services;

• To maintain and project the continuum of healthcare resources required to provide for the health of the force;

• To operate in conjunction with beneficiary healthcare; and

• To develop training systems which provide realistic rehearsal of emergency medical and surgical procedures and unit-level medical operations.

These capabilities comprise an integrated and focused approach to protect and sustain DoD’s most important resource—its Service members and their families—throughout the entire length of service commitment.

The Office of the Secretary of Defense believes that the small-business community can be effective in developing new technology-based approaches to needs in force health protection. Five broad capability areas of particular interest are the focus for the 2011 Defense Health SBIR Program.  They are described in detail below:

Health Surveillance Planning and Decision Support Tools:  Tailorable and targeted software applications that are integrated into the Military Health System’s backbone of installed information systems are the essential enabling technology for surveillance. Applications in the areas of decision support tools, data and knowledge management, information visualization technologies including geospatial tools, and artificial intelligence-based appliqués for essential analyses are needed.  It is expected that the applications would produce a comprehensive system of risk based assessments, predictions, and courses-of-action utilizing epidemiological, intelligence, environmental exposure, and health information concerning deployed forces.  The applications should also allow for predictive modeling of medical readiness scaleable from individuals to the aggregated Force, given such data streams as reported real and somatic symptoms.

New Methods to Monitor Health Status and Clinical Laboratory Data: Monitoring of health status during deployments is necessary to determine etiologic factors of deployment related health change.  Data and information analysis tools are needed to collect and harmonize disparate data and information sources and to provide health status surveillance pre- or post-injury to medical information consumers within and outside of military medical channels.  Health monitoring should be for a limited set of indicators, and should yield an unambiguous interpretation of health status.  Projects are required to have a strong biological basis and be sensitive to changes in health status based on either real-time measurements from warfighters in an operational environment, clinical laboratory data sources, and/or recorded in-patient or out-patient or trauma registry data.
Medical Training and Learning Tools: Developing and maintaining skills among the personnel of the Military Health System is an important aspect of deployment health.  Advanced distributed learning, simulation-based training and other computer-based training technology should enable all health-care personnel to plan, respond and manage the future medical missions, and should assist medical professionals to maintain clinical knowledge, skills, and certifications.  Tools that can be extended to use by the general military population for proactive preventive medicine are desirable. Tools should be based on existing medical and allied health knowledge, should be universally accessible, should allow for unlimited practice, and should be SCORM-compliant in content and in delivery modalities.

Traumatic Brain Injury (TBI) and Post Traumatic Stress Disorder (PTSD): TBI and PTSD are important priorities for casualty care in the DoD Medical Health System.   Improved understanding of the etiology, identification, assessment, and treatment of TBI and PTSD is essential to force health protection.

For PTSD, research is needed to close gaps in knowledge about; 1) the epidemiology of PTSD, including the incidence, factors important in susceptibility and recovery and its impact on the function of the patient, families and caregivers; 2) basic neurobiology and genetic factors associated with PTSD; 3) prevention of PTSD, including development of methodologies for screening, detection, and diagnosis.

For TBI, research is needed to increase knowledge about the mechanism of injury in both closed and open head injury and to develop assessment methodologies for understanding the field epidemiology and blast physics related to brain injury, outcome metrics for the treatment and clinical management of all severity levels of TBI, neuroprotection and repair strategies, and effective approaches to rehabilitation/reintegration.

Tools or other products with commercial potential and systems that help to address these gaps in monitoring and assessing can substantially advance the DoD program to prevent and treat TBI and PTSD.

Acute and Rehabilitative Management of Traumatic Extremity and Eye Injury: With the successful implementation of body armor, extremity injuries have grown in its contribution to morbidity and mortality in the combat casualty.   Eye injuries are also commonly associated with blast as well, with both direct damage to the eye and damage to the optic nerve and visual cortex playing a role.  As a result, improved methodologies are sought in both the acute and rehabilitation phases of the clinical management of extremity and eye injuries, particularly as a result of blast.  Technologies directed at repairing/restoring nerve, muscle and tendon damage that may occur as a direct result of the traumatic injury or due to secondary mechanisms of damage such as compartment syndrome are of interest as are improvements in rehabilitative strategies for recovery of normal limb function.  Improvements in limb prosthetic devices are also sought.
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OSD11-H05

TITLE: Development of an Alternative Screening Method for Detecting Evidence of

Mycobacterium Tuberculosis Infections
TECHNOLOGY AREAS: Biomedical

OBJECTIVE: Develop a practical and reliable in-vitro test for detecting evidence of Mycobacterium tuberculosis infection as an alternative to the tuberculin skin test (TST) and to the interferon gamma release assays (IGRAs). 

DESCRIPTION: Interferon gamma release assays (IGRAs) are the most recent FDA-approved commercially available method for screening for evidence of Mycobacterium tuberculosis (Mtb) infection.  While they hold promise for overcoming cross-reactivity challenges of the TST, the heavily laboratory dependent IGRAs have not been broadly adopted as rapidly as had been anticipated.  Besides the heavy laboratory support requirement of the IGRAs, it has been found that IGRAs often yield highly variable results with indeterminate rates, which reduce the efficiency of IGRA testing.  While IGRAs should require only a single patient visit (versus two visits required for the TST) and produce fewer false-positives than the TST (because of the use of a limited set of specific Mtb antigens with the IGRAs versus the use of PPD with the TST), applications of the IGRAs in operational settings have found problems, which reduce the efficiency of the IGRAs.

Unlike the relatively simple in-vivo TST, the in-vitro IGRA tests are heavily laboratory dependent.  Despite this, IGRAs remain attractive because when used with low TB-prevalence populations (such as military recruits in the United States) where most persons have not been Mtb infected, screening generally results in a negative result, so 95-98% of persons screened need to be seen only once.  With TST screening, however, all persons screened must be seen 2-3 days after placement of the TST to enable the TST result to be read.  

The combined prospect of an improved positive predictive value due to enhanced IGRA specificity with the resultant increased treatment efficiency due to fewer false positives led the USAF to consider IGRA testing in spite of the heavy laboratory support required.  The USAF supported performance assessments of the most promising IGRA test, the QuantiFERON-TB Gold In-Tube IGRA (QFT-GIT; Cellestis, Inc.), by creating and funding the USAF-CDC TB Collaboration.  In 2010, the Collaboration documented the practical utility and feasibility for use of the QFT-GIT in mass TB screening of basic military trainees (QFT-GIT Automation & Assessment in a Mass Screening Setting [FWH20060120H]).  However, the Collaborations QFT-GIT reproducibility assessments also documented high variability of results when the testing was performed within the FDA-approved performance parameters (QFT-GIT Reproducibility Study [FWH20080002H] and QFT-GIT Volume Study [FWR20090033H]).  These clinical trials helped identify factors associated with test variability and helped to guide efforts for enhancing test reproducibility.  

An example of the problematic variability of the QFT-GIT is documentation by the USAF-CDC TB Collaboration that when a recent TST test preceded the QFT-GIT, the mean concentration of interferon gamma (IFN-y) produced increased significantly (0.81 IU IFN-y/mL in the pre-TST test to 3.1 IU IFN-y/mL in the post-TST test; p < 10-10 ), resulting in a bias of 2.32 IU IFN-y/mL, with a typical error of +/- 3.31 IU IFN-y/mL.  Prior to this finding, significant boosting of the QFT-GIT result by a recent TST had not been anticipated because the test antigens used in the TST and the QFT-GIT are different.  That this level of change was clinically relevant was documented by the degree of discordance between the pre-TST- and post-TST-QFT-GIT result ¨C the clinical result (positive or negative) changed 26% of the time (Goodwin & Mazurek, 2010; Goodwin, 2010). 

Another example of problematic QFT-GIT variability is the unexpected finding that the level of IFN-y produced when the only variable altered was the time of day that the blood specimen was collected.  The Collaboration documented that when the blood specimen was collected between 6 p.m. and 9 p.m., it produced significantly greater concentrations of IFN-y than did blood specimens that had been collected between 6 a.m. and 9 a.m. (p = 0.013), resulting in a bias of 0.193 IU IFN-y/mL, with a typical error of +/- 0.735 IU IFN-y/mL, and yielding an interpretive agreement of 90.9% (kappa = 0.75) (Goodwin & Mazurek, 2010; Goodwin, 2010).

The Collaborations observations of the variability of QFT-GIT results may be of clinical relevance as supported by the finding in the Collaborations first trial (QFT-GIT Automation & Assessment [FWH20060120H]) that blood specimen volumes produced when the FDA-approved specimen collection procedures for the QFT-GIT were followed but yielded out-of-range volumes 37% of the time and that the volumes produced were capable of altering the clinical result 16% of the time (Goodwin & Mazurek, 2010; Goodwin, 2010).

Documentation of the scope of potential clinical impacts due to test variability has been sufficient to warrant further consideration of alternative screening strategies to the TST and the IGRAs to enhance Mtb screening options as multidrug-resistant (MDR-TB) and extensively drug-resistant (XDR-TB) Mtb infections continue to evolve.

PHASE I: Phase-I will involve the conceptualization and development of candidate alternative testing strategies to the TST and IGRAs to develop arguments for why each may be promising as potential alternatives for detection of evidence of Mtb infection.  The Phase-I output product will be a proposed alternative testing strategy(ies) and plans for how to prove the concept(s) during Phase-II.

PHASE II: Phase-II will involve establishment of performance parameters through experiments and prototype fabrication that enable demonstration of the feasibility of the concept under well-controlled test conditions and establishment of test performance characteristics.  Findings will be presented and a test prototype that can be field tested under operational conditions during Phase-III will be demonstrated.  The Phase-II output product will be a set of well-structured plans for moving expeditiously to a marketable outcome product during Phase-III.

PHASE III: Phase-III will involve validation of the test performance characteristics, including reproducibility testing, which includes comparison with existing FDA-approved Mtb screening tests.  Phase-III will also require development of the software required to enable automation of the new test, to include validation of results and electronic reporting of the validated results in a manner that is 21 CFR Part 11 compliant (FDA requirement for electronic records).  The Phase-III output product with be demonstration of performance of a well-characterized alternative Mtb screening test that produces a highly sensitive (greater than/equal to 98%), highly specific (greater than/equal to 98%), highly reproducible (greater than/equal to 95% concordance rate) test result and an indeterminate rate greater than/equal to 2% when screening in both high and low Mtb prevalence settings.  
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OSD11-H06

TITLE: Improved Coupling Factor of Personal Cooling Systems
TECHNOLOGY AREAS: Biomedical

OBJECTIVE: Develop a safe and effective novel method for increasing the speed, efficiency and effectiveness of thermal exchange between skin surfaces and cool or cold surfaces using safe methods.

DESCRIPTION: Military personnel experience thermal physiological stresses from conducting operations in hot, humid environments while wearing protective equipment which inhibits the dissipation of thermal energy. In addition, re-radiated energy from equipment, vehicles, surfaces and other plus radiant heat trapped in vehicles, tents and other occupied areas from the greenhouse effect adds to high thermal exposures. High thermal loading has been shown to be detrimental to mission performance resulting in a decrease in physical work capacity and cognitive abilities [1]. Detrimental cognitive performance as a result of heat stress exposures have been described as decreases in reaction time performance, sensory, vigilance, psychomotor and memory [2]. It may also induce adverse health effects such as heat exhaustion, cramping, edema, heat stroke and possibly cardiac arrest and death if untreated.

The proposed technology must be capable of being incorporated into deployable, self contained, portable system for individual use or wear and enable a rapid exchange of thermal energy by increasing vasodilatation in the blood/skin/cooling surface interface. The system that incorporates the new technology should weigh less than 4 lbs. The technology must be safe, Food and Drug Administration (FDA) approvable (or exempt) with no adverse acute or cryonic health effects or skin irritation/dermatitis. Must have minimal effect of inhibiting range of motion and work capability for typical tasks/duties conducted by soldiers. The technology must have an effect on skin that is localized only to the area(s) affected (coming into contact with cooler surfaces). System must require minimum maintenance, sustainment and support for deployable operations in remote, austere locations. Prefer methods that do not require use of wet chemistry to allow for ease of use in deployed locations. More importantly, we are looking for novel approaches to improving personal cooling.

PHASE I: Phase I will develop and demonstrate a technology that improves human-machine coupling upon current personal cooling technologies.

PHASE II: Required Phase II deliverables will include; further development and refinement of the personal cooling system. The PCS will also be required to be field tested for practical use and performance compared to current PCSs. Analysis will be also required to determine if it provides a performance benefit to operators compared to traditional cooling technologies.

PHASE III: Phase III will evaluate the personal cooling system to the targeted user population and regulatory development of the product. It will also investigate dual applications for other populations such as laborers, security forces, and similar groups.

REFERENCES: 
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OSD11-H07

TITLE: Rehabilitative Technologies that Monitor Metabolic Demands of Prosthetics in

Lower Extremity Amputees during Rehabilitation
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE:  This topic is intended to develop, implement and evaluate on-board prosthetic rehabilitative technologies that monitor metabolic demands of energy expenditure during varied Activities of Daily Living (ADL) in wounded warriors who are lower extremity amputees. 

DESCRIPTION: Limb loss affects approximately 1.9 million people in the United States (Amputation Coalition of America, 2006) of who 400,000 have amputations above the knee (Adams, Hendershot and Marano, 1999). War-related amputations are also on the rise in the military sector, Kevlar vests have proven dramatically effective in preventing mortal injuries (Gawande, 2004). However, exposed limbs are subjected to blast injuries, resulting in increased amputation rates. The loss of a lower limb can profoundly influence an individual's metabolic demands. Observations of lower-limb amputees show greater metabolic demands, limited mobility, and a disproportionately higher incidence of pain and discomfort in comparison with nondisabled individuals (Klute, Berge, Orendurff, Williams and Czemiecki, 2006; Fisher & Gullickson, 1978; Dillingham, Pezzin, MacKenzie and Burgess, 2001; Legro, Reiber, Del Aguila, et al., 1999). Currently, there is not a lower extremity prosthetic available that monitors metabolic outputs in real time. The propose effort should leverage advances in the areas of prosthetics, robotics, fabrics and measurement devices to achieve the objective. The technologies being proposed should be embedded in the lower extremity prosthetic either via the socket or within the actual prosthetic limb. The technology should also be able to monitor the metabolic demands of lower-limb amputees which may, through meaningful research and development, improve care that results in a higher Quality of Life (QOL) for lower-limb amputees and return to active duty status for soldiers. Optimally, the technology should provide real time feedback to the user, as well as providing a means of data sharing to the clinician that is providing medical care to the user.  

PHASE I: Identify key metabolic markers that are recorded during energy expenditure analysis of an amputee. Select one or more metabolic markers that can be integrated either into a commercial lower extremity prosthetic device or technology or in an experimental prototype lower extremity prosthetic device or technology.  

Develop a plan of integration of all prosthetic device components to include recommended training algorithms as determined from experiments using energy expenditure analysis. Maintain viable power supply to operate both the prosthesis and the on-board metabolic monitoring system. 

PHASE II: Assemble, test and deliver the prototype system defined in Phase I design. Successful demonstration by the prosthetics and amputee care community will provide a market for Phase III development.

PHASE III:  The market for commercialization of any product capable of accurately monitoring metabolic costs in amputees extends well past the military communities who are lower extremity amputees and wear prosthetics.  This tool will not only serve as a metabolic cost monitoring device that functions in real time for the user, but it will also provide physicians, physical therapists, and prosthetists important information in the successful identification of any potential issues that may arise as it relates to patient/prosthetic interface.   
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TITLE: Real Time Multidimensional Spectroscopic Assessment of Tissue Viability
TECHNOLOGY AREAS: Biomedical

OBJECTIVE: Develop a tool to provide continuous, real time, nondestructive, three-dimensional, quantitative assessment of growing engineered soft tissue construct for assessing neovascularization, cell state and viability, microstructure, and overall engineered tissue state and its maturity for transplantation.

DESCRIPTION: Traumatic war injuries inflicted on service members often are severe with significant tissue loss and morbidity. Current treatment strategies, which include reconstructive surgeries, cannot restore complex tissue architecture and/or its function after loss. Tissue engineering and regenerative medicine approaches could address these challenges, but there are many technical hurdles. Overcoming one of these hurdles requires improvements in characterization methods of the engineered tissue construct. Current research in the characterization of engineered tissue focuses mostly on the scaffold (e.g. biocompatibility, toxicity, porosity for cell infiltration, mechanical strength, compliance, toxicity, etc.) and some basic imaging of the tissue construct in two-dimensions. Thus, there remains a gap in quantitative assessment of the overall state of ex vivo engineered soft tissue construct such as its maturity, viability, structure, and vascularization; all of which are key criteria for successful implantation. Also, current systems that utilize conventional imaging modalities require removing the ex vivo engineered tissue from its bioreactor or incubator in a time series for documenting its changing state. Thus, current imaging systems are not ideal or conducive for engineering soft tissue constructs for implantation since the time documentation of engineered tissue state depends on when it was conducted. Hence, the optimal time for transplantation might be missed and delicate structures may be disrupted due to multiple sample preparations and handling for imaging outside of its bioreactor or incubator. The envisioned solution should be a technological advancement that will provide for continuous, real time, nondestructive, three-dimensional quantitative assessment of growing ex vivo engineered soft tissue construct to assess neovascularization, cell state and viability, microstructure, and overall engineered soft tissue state and its maturity for transplantation. 

PHASE I: Conceptualize and design an innovative three-dimensional, quantitative assessment tool applicable for continuous, nondestructive evaluations of growing ex vivo engineered soft tissue construct. Required Phase I deliverables will include description of concept, design and research plans, development of a prototype, development of image analysis and quantification methods, and its performance metrics. Some preliminary testing should be conducted on engineered soft tissue in determining the performance metrics and meeting the technical requirements of continuous, nondestructive, three-dimensional, quantitative assessments. No animal or human use testing is to be proposed or executed during this 6-month Phase I period. Cells should be from commercial sources (if from other methods of procurement requiring IRB, this must already be approved prior to proposal submission). 

PHASE II: Demonstrate and validate the Phase I prototype for continuous, nondestructive, three-dimensional, quantitative assessments of growing ex vivo engineered soft tissue in relevant models to produce data with enough statistical power and evidence leading to commercialization. Assessments of engineered soft tissue should include the entire volume, providing details on the structure, vascularization, viability, and maturity. Required Phase II deliverables will include design improvements to the prototype based on Phase I preliminary testing, demonstration and validation of prototype, performance metrics, and commercialization plans. Animal and or human use testing may be performed for the evaluation of the device during this 2-year Phase II period. 

PHASE III: Phase III efforts should be focused towards technology transition, preferably commercialization of SBIR research and development. The small business should have in plans to secure funding from non-SBIR government sources and/or the private sector to develop or transition the prototype into a viable product for sale in the military and/or private sector markets. Commercialization plans that include the private sector markets generally help lower cost through economy of scale. 
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TITLE: The Measurement of the Corneal and Scleral Surface for the Purpose of

Automating Ocular Surface Prosthetic Fitting
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE:  To develop the technique and technology to rapidly and accurately measure the topography of the human cornea and sclera in order to automate the fitting of ocular surface prosthetics.

DESCRIPTION:  The Prosthetic Replacement of the Ocular Surface Environment (PROSE) device that is currently being fitted at Brook Army Medical Center creates a liquid bandage that protects the ocular surface from damage caused by the loss of eyelids due to 3rd degree facial burns.  Prior to this device, such eyes had been irreversibly lost because of the development of perforating corneal ulcers. Subsequent emergency transplants would invariably follow the same failed course.  The FDA-approved prosthetic device immerses the surface of the exposed corneas in a pool of oxygenated, antibacterial artificial tears, to protect the exposed corneas and provide a therapeutic environment that facilitates corneal healing.  

Another significant use of this device is the restoration of vision compromised by corneal diseases that would otherwise have required military personnel to leave the service prematurely.  Currently we have two pilots that have been able to maintain their flight status as a result of fitting this device.  

The PROSE and other like devices are designed to rest entirely on the surface of the sclera and vault over the underlying cornea creating a space that is filled with artificial tears. The most critical part of the fitting process is designing its scleral bearing surface to align with that of the underlying sclera.  Any deviation from alignment results in pain, redness and eventually the device can no longer be worn.  Because the technology to accurately measure the scleral surface topology is currently not available, the customized fitting process is empirical and requires a high level of skill and time.  The fitting techniques are learned at a 9 week fellowship at the Boston Foundation for Sights facility near Boston Massachusetts.  Moreover, the empirical custom design process is time-consuming and requires multiples trials with up to 15 devices (or more for eyes with distorted scleras) produced for fitting an eye, even by the most skilled doctors.

An automated method for fitting ocular surface prosthetic devices is needed that does not require specialized training and reduces the time and number of devices needed for the custom design process.  There are other manufactures of sclera mounted devises and all are limited in their application, because of these same challenges.  

PHASE I:  Phase I will develop a design and approach that will be able to measure the topology of the cornea and sclera of the human eye in a 12mm radius from the apex of the cornea.  The technology must account for the micro-saccadic movements of the eye, complete its measurements within 5 seconds and be accurate to .001 mm.  During phase I the technology will be demonstrated on a model eye as proof of concept in at least one meridian.  The final product must measure the defined ocular surface to the extent that it can direct the manufacturing of an ocular surface prosthetic utilizing its collected data. The provided speed of data capture and accuracy of measurement standards should be considered minimum performance objectives.  Exceeding these minimum values is encouraged.

PHASE II:   Construct and demonstrate a prototype that produces data consistent with the requirements determined in phase I.  Once the shape of the sclera is known utilizing the new scanning methodology, the data will be evaluated to determine parameters required for optimally fitting the PROSE prosthetic device.  To initially determine how scanned data needs to be modified for optimal comfort and fit, patients previously fit with, and currently wearing, the ocular PROSE prosthetic device will be scanned with the new apparatus. A new device will be produced from the scanned data and patient comfort will be evaluated. The difference between the shape provided by the scanned data and currently worn device will be evaluated to determine the optimal fit correction factors.  The technology is not limited to the PROSE devise but can be used in the fitting process of other scleral fitted contacts, surface prosthetics and ocular prosthesis.

PHASE III:  The device resulting from this SBIR will expand the availability of surface prosthetics by reducing the cost and decreasing the training requirements for fitting.  It will also improve the quality of the fit allowing optimal alignment to occur in our most severely scared and thus irregular ocular surfaces.  This technology will be suitable for use in military and VA hospitals that perform specialty contact lens fitting.  Currently all Army and VA medical centers employ optometrist to perform specialty contact lens fitting, unfortunately only one is capable of fitting ocular surface prosthetics due to the before mentioned limitations.  The application of this devise goes beyond the department of defense.  The two main uses for ocular surface prosthetics are for the treatment of dry eye and corneal ectasia.  The incidence of dry eye in the general population is estimated to be 15%, of that nearly 2 in 10 have symptoms severe enough to significantly impact their quality of life.14 That means in the US alone 9,240,000 patients could benefit from this technology advancement for the treatment of dry eye.  The second primary use for surface prosthetics is ectasia or corneal thinning.  It is estimated that the incidence in the US for ectasia is 1 in 2000, yielding 154,000 patients who could be helped if surface prosthetics were made more available and affordable.13 Drug delivery and the treatment persistent corneal epithelial defects are two other potential uses for ocular surface prosthetics that should be explored.  The world wide indication for usage of ocular surface prosthetics should approximate the US percentages.  There is a worldwide market for a device capable of automating the fitting of ocular surface prosthetics.
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TITLE: Engineering Functional Tissue for Repair and Regeneration
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC 

OBJECTIVE: Develop solutions to promote and create functional tissue for re-epithelialization with hair follicles, pigmentation, and sweat glands. Engineered tissue for repair and regeneration should be functional and aesthetically appealing.

DESCRIPTION: While a number of advances have been made in the care and treatment of burn wounds, the current treatment options are labor intensive, expensive, and more importantly often do not result in functional tissue or normal (uninjured) appearance. Current war injuries inflict significant damage to the body even with advances in armor protection. IED blasts often generate thermal injuries with varying degrees of total body surface area burns. Some of the challenges in advancing treatments for burns include increasing the size of the graft, reducing the time to generate sufficient graft for large total surface area burns, recreating normal functions, such as, hair follicles, melanocytes, sebaceous and eccrine glands in the graft to regulate temperature and pigmentation to match recipient’s skin color. The goal of this SBIR is to solicit innovative solutions that will promote re-epithelialization with hair follicles for stem cells, melanocytes to match recipient’s skin color, and other normal skin functions that can be commercialized for treatment of burns and wound healing in both civilian and military use.

PHASE I:  Conceptualize and design an innovative solution for engineering skin tissue for repair and regeneration that will promote re-epithelialization with hair follicles, sweat glands, and pigmentation. Required Phase I deliverables will include research design for engineering pigmentation (to be executed at Phase II) and preliminary prototype with limited testing in demonstrating proof-of-concept in vitro for generation/incorporation of hair follicles into engineered tissue (to be executed at Phase I). No animal or human use testing is to be proposed or executed during this 6-month Phase I period. Cells should be from commercial sources (if from other methods of procurement requiring IRB, this must already be approved prior to proposal submission). 

PHASE II:  Develop and demonstrate proposed solution for engineering tissue for repair and regeneration that will promote re-epithelialization with hair follicles, sweat glands, and pigmentation in relevant small animal model based on research design from Phase I for incorporating pigmentation and results from preliminary prototype for generation/incorporation of hair follicles in engineered tissue. Required Phase II deliverables will include design improvements to the prototype based on Phase I preliminary testing, demonstration of solution in relevant animal model, performance metrics, and commercialization plans including regulatory pathway for FDA clearance. Demonstration in relevant animal model should include production of functional hair follicles, pigmentation, sweat glands that is re-vascularized for graft viability and maintenance of engineered tissue within the host. Animal and or human use testing may be performed for the evaluation of the proposed solution during this 2-year Phase II period. 

PHASE III:  Phase III efforts should lead to FDA clearance/approval and be focused towards technology transition, preferably commercialization of SBIR research and development. Efforts leading to FDA clearance/approval require execution of Phase II plans on commercialization and regulatory pathway, including identifying relevant patient population for clinical testing to evaluate safety and efficacy and GMP manufacturing of sufficient materials for evaluation. The small business should have in plans to secure funding from non-SBIR government sources and /or the private sector to develop or transition the prototype into a viable product for sale in the military and/or private sector markets. Commercialization plans that include the private sector generally help lower cost through economy of scale. 
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TITLE: Objective Diagnostic Tool for Tinnitus in Military Populations
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE: Develop medical products that provide objective diagnostic measures of tinnitus.

DESCRIPTION: This SBIR topic seeks to develop innovative concepts for the objective diagnosis and characterization of tinnitus in military personnel. Tinnitus and hearing loss are the top two service-related disabilities for veteran compensation (1). Acoustic trauma leading to hearing loss and tinnitus can occur from blast and noise exposure during military service (2). Tinnitus complaints and reporting by patients has remained largely subjective in nature. Military clinicians are in need of objective quantitative diagnostic tools to measure the occurrence and severity of tinnitus in a patient, as well as contribute to determining the location and cause of the tinnitus phenomena. New diagnostic tools would improve clinical decision-making regarding therapeutic strategies. 

Additionally, the military has placed an increased emphasis on restoring and rehabilitating injured Warfighters with functional capabilities that provide the ability to return the Warfighter to their duty performance. There is a need for objective diagnostic and measurement tools to support assessing the ability of military personnel to return to duty, as well as objectively evaluate both existing treatment approaches and new treatment strategies under development. These tools would also support evaluations to assess the true prevalence and degree of severity of tinnitus in the military population. 

PHASE I: Define a conceptual approach for a technology and employing the technology that meets the intent of the SBIR topic for objective diagnosis and characterization of tinnitus. Phase I deliverable: technical report that outlines the technology approach, establishes the feasibility of the approach using existing data and investigations conducted during Phase I, and a detailed analysis that defines the predicted performance of the end product.

PHASE II: Assemble, test and deliver the prototype system(s) defined by the Phase 1 design. Quantifiable performance measures for the technology should be determined that are sufficient to assess the ability to provide objective measure(s). Conduct bench and animal studies in support of testing the technology in humans. Conduct a pilot study in humans to assess initial safety and effectiveness of the technology. Develop a plan and cost/time estimate for additional development and clinical study activities required to achieve the FDA and other regulatory approvals required to make the technology commercially available for military clinical use. Phase II deliverables include: prototype system, technical reports documenting the appropriate performance measures for the technology, bench and animal studies conducted, and the pilot clinical study; and a roadmap report that addresses the additional activities, cost and time required to make the technology commercially available. 

PHASE III: Technology innovations developed through this SBIR would also have dual use application for tinnitus diagnosis and characterization in the Department of Veterans Affairs and civilian sectors. The technologies would provide for significantly improved capabilities that could also reduce the impact (cost, workload, etc) of providing associated clinical services by contributing to improved approaches to treatment, both in military and non-military settings.
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TITLE: Development of Biomaterial Scaffolds for Use in Regenerating Muscle Tissue
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE: Develop a matrix that is capable of promoting the regeneration of muscle tissue for repair of large volume loss injuries. 

DESCRIPTION: There is a substantial clinical need for regenerative therapies that effectively restore function to damaged muscle tissue. Injured or degenerated musculoskeletal tissues, for example, represent the most common cause of pain and disability worldwide (1). Moreover, extremity soft tissue injury accounts for the majority of battlefield wounds in recent conflicts (2, 3). Skeletal muscle has a limited potential for regeneration and injuries involving the loss of a substantial portion of muscle tissue are not capable of fully regenerating on their own. The current standard of care includes rotational grafts to provide a source for donor muscle tissue, which is often associated with morbidity. However, the patient is often left with a permanent functional disfigurement, loss of muscle function and quality of life. Regenerative medicine approaches such as cell therapy and tissue engineering offer potential alternatives to reconstructive surgery and amputation. Enabling technologies for regenerative medicine are biomaterials that amplify the latent regenerative potential of skeletal muscle and/or support the delivery of biologics such as growth factors, cells, and ex vivo engineered tissues. 

An advanced biomaterial scaffold system should be biocompatible and capable of inducing endogenous progenitor cells to regenerate into functional skeletal muscle tissue in areas with large soft tissue injury. The system may include scaffolds for volume replacement, methods to promote cell growth of endogenous or exogenous cells, growth factors, or combinations of these approaches. Regenerated tissues should closely recapitulate normal anatomy and restore function that is physiologically measurable. 

PHASE I:  Develop a versatile biomaterial scaffold system that is capable of facilitating a regenerative approach to repairing skeletal muscle defects. The biomaterial should be safe, easy to implant in the damaged tissue and able to be vascularized and promote angiogenesis. The scaffold should be fully biocompatible and biodegradable, and obtain three-dimensional tissue structure with adequate pore size, which is ideal for muscle progenitor cell attachment and growth, as well as for delivery of pharmacologic agents and diffusion of nutrients to the implant. Required Phase I deliverables include concept design, preliminary prototype with in vitro testing for evaluation of biocompatibility, cell growth and differentiation and growth factor release kinetics, if applicable. Additionally, the animal model to be used in Phase II and performance metrics for the determination of functional repair for the defect should be defined. The proposed solution should be compatible with current surgical procedures and must demonstrate appreciable return of function with minimal fibrosis formation.

PHASE II:  Demonstrate the feasibility of the biomaterial from Phase I in a clinically-relevant, in an animal model (large or small) with a volumetric skeletal muscle defect. The technology should be easy to use and compatible with current surgical procedures and must demonstrate appreciable return of function with minimal scarring. Required Phase II deliverables will include design improvements to the prototype based on Phase I preliminary in vitro evaluation, and preclinical evaluation using a clinically relevant traumatic muscle defect. The recovered muscle should be analyzed using standard assays and/or methods for determination of tissue viability, cellular differentiation, muscle mass and function. Functional tests should include methods outlined in Phase I for the specific model used and statistical power should be adequate to document performance metrics. The Phase II commercialization plans include regulatory pathway for FDA clearance. Allowable cost is up to 1M for this 2-year Phase II period.

PHASE III: The overall goal of this program will be to finalize all pre-clinical testing and validation of a material that can receive regulatory approval for a product that facilitates regeneration of skeletal muscle. Phase III of this program will consist of pivotal preclinical studies and clinical trials designed to produce a product with the appropriate indications for use such that it can be used as a wound healing agent in a combat environment while providing infection control. Phase III efforts should be focused towards technology transition, preferably commercialization of SBIR research and development. Efforts leading to FDA approval require execution of Phase II plans on commercialization and regulatory pathway, including identifying relevant patient population for clinical testing to evaluate safety and efficacy and GMP manufacturing of sufficient materials for evaluation. The small business should have in plans to secure funding from non-SBIR government sources and /or the private sector to develop or transition the prototype into a viable product for sale in the military and/or private sector markets. 
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TITLE: Remote Anger and Stress Management
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE:  Develop a remote, technology enabled, anger and psychological stress treatment and management tool based on current evidence-based interventions for service members struggling with post-deployment psychological health issues.

DESCRIPTION:  Anger and psychological stress that interfere with daily functioning are common symptoms for service members struggling with post-deployment psychological health issues such as depression, posttraumatic stress disorder (PTSD) and substance use disorder.  There is a growing body of evidence-based treatments (behavioral treatments supported by the scientific research literature) that address symptoms of anger and/or stress in the treatment of specific post-deployment psychological health issues.  There are also evidence-based treatments that focus on coping strategies for anger and/or stress in the context of general mental health treatment.  The goal of this SBIR is to develop a remote, technology enabled, anger and psychological stress treatment and management tool derived from current evidence-based interventions to help service members cope with post-deployment psychological health issues outside of the clinic and their integration into the family and community.   The content should have enough flexibility to be integrated and used as a component of a therapist guided treatment as well as in a stand-alone capacity by an individual who is not currently engaged in a formal mental health treatment.  The content should also specifically cover skills to address comorbid substance use and relationship problems that arise in the context of post-deployment anger/and or stress problems.  The tool should be developed on a durable, mobile and portable technology platform (preferably on existing mobile devices/platform to take advantage of ubiquitous mobile computing and to minimize hardware and integration costs, and the tool should be operating system agnostic).  It should incorporate real time physiological and emotional monitoring and feedback drawing on current evidence-based biomarkers of anger/and or psychological stress.  It should be easy for an individual and/or their treatment providers to use and navigate.  The device should have recording capability that allows an individual and their treatment provider to track and record their longitudinal use and progress with the tool.  Display of information/data should be intuitive and meaningful/useful to an individual and their treatment provider.  The effort should not duplicate currently commercially available devices or tools in this area such as StressEraser, RESPeRATE® (Inter¬Cure Ltd, Lod, Israel), HeartMath emWave Personal Stress Reliever, and/or Virtual Iraq.  Although the commercially available products generally include some form of stress management with physiological monitoring, these products are not integrated with evidence-based mental health treatments, do not allow for tracking and/or sharing of information with treatment providers, and are not specifically designed to address post-deployment anger and/or stress issues.  Virtual Iraq is currently being integrated with evidenced based treatments and allows for tracking and monitoring, however it is not targeted at symptoms of anger, is not portable and does not have stand alone capacity.  The proposal should describe the uniqueness of the proposed solution, the basis of the solution, and its advancement/innovation compared to existing products on the shelf or in development.  The development team should demonstrate through its primary investigators or documented collaborators (e.g. letters of support/agreement) a depth of knowledge in military mental health post-deployment disorders, treatment of these disorders and an understanding of military mental health systems.  Once a prototype is developed, it should then undergo rigorous controlled testing in an appropriate service member population as part of its deliverable for Phase II.   Standard scientific methodology should be used for the testing with demonstration of enough statistical power to adequately document initial efficacy, feasibility and safety of the device.  Accompanying the device should be standard protocols and procedures for its use and integration into ongoing mental health treatment and symptom management programs.   These protocols should be presented in multimedia format.

PHASE I:  Given the short duration of Phase I, this Phase should not encompass any human use testing that would require formal IRB approval.  If inclusion of human subject data is used, the data should already be de-identified and obtained previously through appropriate approvals, and be HIPPA compliant.  At the end of this Phase, a full working prototype of the device/tool should be completed and some demonstration of feasibility and/or operation of the prototype.  Phase I should also include the detailed development of Phase II testing plan.

PHASE II:  Phase II of the project covers 2 years with a maximum effort of $1.0M.  During this Phase, the prototype should undergo human subject testing for evaluation of operation and effectiveness against anger and psychological stress treatment and management.  This testing should be controlled, rigorous and account for scientific comorbidity present in post-deployment psychological health disorders.  Statistical power should be adequate to document initial efficacy, feasibility and safety of the device.  Efficacy should be defined in terms of the percentage of reduction in duration as well as frequency of anger and/or psychological stress events using validated and accepted measures for assessing these metrics.  This Phase should also demonstrate evidence of commercial viability of the tool. Accompanying the device should be standard protocols and procedures for its use and integration into ongoing mental health treatment and symptom management programs.  These protocols should be presented in multimedia format.

PHASE III DUAL USE APPLICATIONS:  A Phase III plan should accompany the application  but is funded by sources other than the SBIR Program.  The Phase III description should include the “vision” or “end-state” of the tool development, which includes one or more specific Phase III military applications and/or supported S&T or acquisition program as well as the most likely path for transition of the SBIR from research to operational capability. Additionally, the Phase III section must include (a) one or more potential commercial applications OR (b) one or more commercial technology that could be potentially inserted into defense systems as a result of this particular SBIR project.   The application should be specific on Phase III development plan, including potential sources for Phase III resources and funding, and specific commercialization and marketing plan. 
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TITLE: Characterizing Stem Cell State at High Throughput
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE: Develop a high-throughput screening tool for rapid and accurate characterization of stem cells; thereby enabling cell product development and manufacturing of accurately identified differentiated cell states for therapy and/or transplantation.

DESCRIPTION: Tissue engineering and regenerative medicine technologies are potential solutions for repair and regeneration of injured or diseased tissue, especially in medical problems where current strategies including reconstructive surgeries are not able to restore the lost tissue and/or its complete function. Recent advances in stem cell technology have opened the possibility of using one’s own cells for repair of any tissue type using adult somatic cells. This includes inducing pluripotency of skin cells (aka iPS cells) through the use of viral vectors to ferry genes or the use of proteins alone and the subsequent addition of cocktail solutions to direct differentiation to specific cell types. Thus, a rapid and accurate method for characterizing and/or identifying partially or fully differentiated cells becomes important in developing regenerative medicine therapies or tissue engineering solutions. Current approaches include measuring gene expression using real-time reverse transcription polymer chain reaction (RT-PCR), identifying cell surface markers, utilizing biochemical tests or microscopic evaluation. However, these assays are time consuming. The goal of this SBIR is to solicit for innovative solutions for identifying the progression of cells from a pluripotent state to the partially and/or fully differentiated state rapidly and accurately. The identification process should not harm or alter the cells such that identified cells of interest can be used immediately for therapy and/or transplantation.

PHASE I: Conceptualize and design an innovative solution for identifying the progression of cells from undifferentiated pluripotent state to the partially and/or fully differentiated state. Required Phase I deliverables will include concept design, preliminary prototype with limited testing for evaluating the technical feasibility and demonstrating proof-of-concept, and establish performance metrics. No animal or human use testing is to be proposed or executed during this 6-month Phase I period. Cells should be from commercial sources (if from other methods of procurement requiring IRB, this must already be approved prior to proposal submission). 

PHASE II: Finalize design, development, and demonstration of proposed solution for identifying the progression of cells from undifferentiated pluripotent state to the partially and/or fully differentiated state based on results from Phase I. Required Phase II deliverables will include design improvements to the prototype based on Phase I preliminary evaluation, demonstration using a variety of cell types and conditions, validation of cell separation using standard assays and/or methods, determination of performance metrics including percent accuracy, sensitivity and specificity, and technology transition and/or commercialization plans including manufacturing and regulatory pathway. Statistical power should be adequate to document performance metrics. 

PHASE III: Phase III efforts should lead to 510K clearance or other appropriate regulatory approval and be focused towards technology transition, preferably commercialization of SBIR research and development. Efforts leading to 510K clearance or regulatory approval require execution of Phase II plans on commercialization and regulatory pathway. The small business should have in plans to secure funding from non-SBIR government sources and /or the private sector to develop or transition the prototype into a viable product for sale in the military and/or private sector markets. Commercialization plans that include the private sector markets generally help lower cost through economy of scale. 
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TITLE: Improved Materials for Computed Tomography Detectors
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE:  The objective of this topic is to develop or implement a novel material to improve a Computed Tomography (CT) detector. A good material would allow for greater special resolution and be more durable than current state of the art technologies.

DESCRIPTION: There are three primary imaging modalities used in theater for triage ahead of medical evacuation. Of the three, Computed Tomography provides the best combination of both soft tissue and bone imaging. Additionally it is fast, readily available, accurate, and fundamental for poly-trauma. It offers sensitivity to even the smallest of fractures and is capable of capturing head injuries such as hematoma at their earliest stages. In the case of a mass casualty with multiple head injuries, CT represents an indispensable tool for triage. Therefore, maintaining a constant level of readiness for these CT scanners is paramount to making sure our service members get the best care possible.

While the performance of CT is clearly superior to either standard X-ray or ultrasound that is used in the combat support hospital, a CT scanner is extremely difficult to deploy and maintain. This is due to a variety of factors including size/weight, power and other logistical requirements. There have been reports that replacement parts for CT scanners can take as long as three weeks to arrive in Afghanistan (1) keeping the readiness of these scanners at less than optimal readiness.

Of equal importance is the amount of information that can be obtained per radiological dose. The main roadblock here is the sensitivity of the detector itself.  Higher sensitivity detectors will permit more CT slices to be acquired using the same dose of radiation. This enhances the spatial resolution of the data and can boost soft tissue contrast dramatically. Soft tissue data is invaluable in diagnosing neurological injury. CT scanners with enhanced sensitivity could detect soft tissue head trauma at its earliest stages in addition to fractures.

The intent of this topic is to solicit new materials for improved CT detector design. The materials would boost CT detector sensitivity, spatial resolution and contrast. This can be accomplished by innovations in Plate, Scintillator or Photodiode technologies. The innovations must demonstrate feasibility towards the development of a complete detector and ultimately into a usable CT detector array. At each step of the process, the technology must demonstrate superior sensitivity to the current state of the art in solid state CT detector technology (2). This solicitation is limited to solid state technologies unless the solicitor can demonstrate superior durability using their concept as part of the proposal.

PHASE I: Phase I work shall include proof of concept data that shows the method(s) to implement a new material into CT detectors. Furthermore the work will show that the new material is more durable, has a higher spatial resolution, and contrast than current systems. The results should include a proof of concept design.

PHASE II: The researcher shall design, develop, test, and demonstrate a prototype tool that implements the Phase I material as a CT detector. The prototype should be able to capture and process basic CT images. At the end of Phase II the group should clearly be able to show that their product will be superior to the current state of the art. The researcher shall describe in detail the plan for the Phase III effort.

PHASE III: Refine the prototype from Phase II into an actual usable device. The final product should be able to transition into CT scanners everywhere.
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TITLE: Pathogen Identification of Wounds Using DNA Sequencing Strategies
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE: Using one of the novel next generation DNA sequencing approaches; develop a method that would be portable and useful as a point of care (POC) approach to rapid identification of wound pathogens.

DESCRIPTION: Increasingly the war fighter is faced with serious complications due to wound infections with antibiotic resistant bacteria1. Combat wounds from operations in Iraq and Afghanistan has resulted in the increasing prevalence of antibiotic resistant strains of Acinetobacter Baumannii and other pathogenic bacteria2.  Standard of care for treatment of penetrating wounds includes intravenous administration of broad spectrum antibiotics. Although this approach will in many cases control the spread of infection and minimize the occurrence of sepsis, more cases of antibiotic resistant infections are being observed. If we had a rapid portable approach to assess the pathogenic occupants of a wound site, we could target our treatment to the specific bacterium and obviate the need for the use of broad spectrum antibiotics. This approach should reduce the frequency of selection for antibiotic resistant bacteria. 

Recently, new and faster methods and devices for the rapid sequencing of DNA have been developed (e.g. Pacific Biosciences, Ion Torrent)3.  These approaches allow one to sequence a large amount of DNA from many different samples in parallel. This approach could be used to rapidly identify any microorganism that has already been sequenced and to discover de novo pathogens (a limitation of PCR based approaches).

PHASE I:  1) Choose the most efficient next-generation sequencing platform from the major players in the field (e.g. Life Technologies SOLID, IonTorrent, Illumina and Pacific Biosciences) based on a) cost to sequence a typical pathogen-sized genome (5 MB) and b) the elapsed time to sequence and analyze the data.  2) Use purified control sample  DNAs  from various strains of gram negative and positive bacteria in mixing experiments (e.g. 10-1, 10-2…10-n)  to determine the limits of sensitivity of the method to identify the bacteria in the various mixtures-this would include finding a method that will distinguish bacterial from host DNA (e.g. PCR of Alu elements for human, rDNA for bacteria) and purifying fragments smaller than 50 bp away from the fragments larger than 50 bp.  3) Pursue studies similar to item 2 with various intact bacteria introduced into wounds using a rodent wound model.

PHASE II:  Phase II would include the building of a pathogen-bioinformatics capability so that a minimum amount of sequence information would be needed to uniquely identify the various pathogens in a mixed population.  In this part of the project, the PI should identify and secure a source of deidentified wound exudates and control samples of a sufficient size from a military biorepository (e.g. USAISR) and apply the lesson learned in Phase I.

PHASE III:  This phase would consist of miniaturizing the device so that it could be used far-forward (e.g. at combat battalion hospitals).  In this phase the various software and reagent components would be integrated into one flow and if possible one device.
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TITLE: Apps for Rapid Epidemiological Analysis (AREA)
TECHNOLOGY AREAS: Biomedical

OBJECTIVE: The objective of this effort is to develop and demonstrate hand held device applications (“Apps“) that can provide simple, easy to use health surveillance, epidemiological analysis and forecasting capabilities.

DESCRIPTION: The US Military is continuing to expand it efforts into non-kinetic operations to include emphasizing Stabilization, Security, Transition, and Reconstruction Operations (SSTRO) and Humanitarian Aid / Disaster Relief Operations. The development and surveillance of the healthcare landscape forms a cornerstone of any strategy developed to support these actions. In low to middle income areas, communication is often difficult, given the lack of land-based telecommunication devices and the great distances between population centers [1]. Consequently, new methods of monitoring and forecasting healthcare and epidemiological trends are required to enable our military forces to effectively execute many new and emerging operational requirements. 

Hand held devices, such as cell phones, smart phones and personal data assistants (PDAs) provide an effective source for collecting, analyzing and widely disseminating healthcare information, because of their widespread use in the very regions to which our military forces are, and will be, deployed. For example, in Africa, over 75% of telecommunications are conducted using mobile devices [2]. Today’s mobile devices have significantly expanded computational processing capability over earlier devices [3]. As well, the infrastructure for developing applications – “Apps”; a piece of software executable on a mobile device - is also rapidly maturing, with predictions of a threefold increase in the quantity of mobile apps by the end of 2012 [4]. Moreover, the types of information collectable by current mobile devices have expanded to include: high resolution pictures; video; text; geo location; and, in most cases, text-based annotations. Combined, these developments should enable current mobile devices to perform complex data analysis and computational analyses, based on diverse, and often times incomplete, data sets. Yet, initial attempts at developing healthcare-centric apps for mobile devices have mainly focused only on collecting and sharing large quantities of survey-related healthcare data [5]. 

These applications belie the enormous potential that mobile devices could bring to the Military Health System, including rapid and widespread data collection, information visualization, geospatial localized tracking, artificial intelligence based data analysis and collaborative decision making. The key to realizing this potential is to develop ‘Apps that can fully exploit the various hardware and processing capabilities of today’s mobile devices. Specifically, this topic is requesting proposals for designing ‘Apps for Rapid Epidemiological Analysis (AREA) that will enable: rapid data collection capabilities from multiple sources (e.g. web or text based files, manually input information and information collected using technologies inherent to hand held devices); artificial intelligence / machine learning approaches for data mining, analysis and forecasting; information visualization, to include geospatial localization for epidemiological pattern tracking; and real time capabilities for collaborative and interactive decision making. The output from these applications should enable users to better understand disease processes and progress; to map disease patterns; to better understand proximate and distal risk factors; and to develop effective courses of action.

PHASE I: Required Phase I deliverables will include a feasibility study for handheld applications (‘Apps) that can provide simple, easy to use health surveillance, epidemiological analysis and forecasting capabilities for use in the operational setting. Included in this study will be an initial concept design and model key elements as well as a detailed outline of success criteria. A final report will be generated, including system performance metrics and plans for Phase II. Ensuring an ‘open design’ to allow integration with other Military Health System’s information systems will be considered a critical performance metric. Phase II plans should include key component technological milestones and plans for at least one operational test and evaluation. Phase 1 should also include the processing and submission of all required human subjects use protocols should these be required. Due to the long review times involved, human subjects research is strongly discouraged during Phase 1.

PHASE II: Required Phase II deliverables will include the construction, demonstration and validation of a prototype AREA system, based on results from Phase I. All appropriate engineering testing will be performed, and a critical design review will be performed to finalize the design. Additional deliverables will include: (1.) a working prototype of the system, (2.) drawings and specification for its construction, and (3.) test data on its performance collected in one or more simulated operational settings, in accordance with the demo success criteria developed in Phase I. 

PHASE III: This technology will have broad application in commercial as well as military settings. The ability to develop assessments, forecasts and courses of action using real time epidemiological data collected across many different areas of operation will allow military decision makers to more effectively account for military medical readiness as part of their overall planning strategy. More locally, this technology should allow for faster and more accurate responses to potential disease outbreaks in the close-quarters common to military facilities, including military training facilities and ships. Commercially, this technology will provide similar levels of support, enabling health care providers, including Non-Governmental Organizations, charged with working in remote, impoverished and under-represented areas to better understand the moment-to-moment disease challenges they may encounter, and to plan effective treatments plans accordingly. As well, health care providers charged with supporting large, densely packed populations (such as may be found in Universities or urban settings) will benefit from having this technology to detect early-on possible disease outbreaks, like Meningitis and Influenza, and plan treatment strategies as necessary. 
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TITLE: Dense Array, Ultra Low Field Magnetic Resonance Imaging Devices for Combat

Casualty Care 
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Office of the Principal Assistant for Acquisition, USAMRMC

OBJECTIVE: The objective of this effort is to develop and demonstrate a novel Magnetic Resonance Imaging (MRI) system that combines ultra low magnetic fields with dense array superconducting quantum interference devices to resolve issues involved with conventional MRI systems that require powerful magnets, making them costly to use and difficult to integrate with other imaging technologies.

DESCRIPTION: Magnetic Resonance Imaging (MRI) systems enable high resolution of the structure and function of the human body, providing a broadly effective means for diagnosing injuries. However, MRIs require high-powered large-scale magnets and electromagnetic pulse stimulation to produce these images, making them too large and too dangerous for use in the metal-heavy combat environment and precluding them from being used in synchrony with many other diagnostic technologies. 

Recent advancements in MRI technology have focused on reducing the magnetic field strengths needed to produce structural and functional images (1). Using field strengths in the mili and micro tesla range, these ultra low field (ULF) low-power consumption magnets have been coupled with superconducting quantum interference devices (SQUIDs) to produce MRI-like images (2-4). Because these magnetic field strengths are so small, this technology is likely safe to use around metal (5,3) and should also be easily combined with other diagnostic tools like magnetoencephalograph (MEG), magnetocardiography (MCG) and even Electroencephalography (EEG) to produce unparalleled functional imagery of the brain and body (2,3). Currently ULF MRI is limited to arrays of less than 10 SQUIDs which cannot produce the high quality images or capture the large fields of view (FOV) typical of conventional MRIs. As well, image processing speed is increased at the expense of reduced signal to noise ratios (SNR) resulting in degraded image clarity. Finally, ULF MRI must average signals over multiple scans which increases image processing time significantly over that needed for a single scan. 

The results of this effort will address these challenges by developing and demonstrating an ultra low field MRI system that incorporates dense array highly-sensitive sensors to produce conventional MRI-equivalent from a single scan. Design parameters include a two-fold improvement in SNR, an order of magnitude increase in sensor array density and the ability to build images from a single scanning trial. The prototype system should show significant reduction in size, weight and power requirements compared to conventional MRIs and demonstrate the feasibility of integrating with other imaging technologies that are precluded from conventional MRIs.

PHASE I: Prepare a feasibility study for an ultra low frequency, dense array MRI tool for use in the operational setting. During the first phase the performer will propose a conceptual device and a preliminary design. A final report will be generated, including system performance metrics and plans for Phase II. Ensuring an ‘open design’ to allow integration with other imaging technologies will be considered a critical performance metric. Phase II plans should include key component technological milestones and plans for at least one operational test and evaluation. Phase 1 should also include the processing and submission of all required human subjects use protocols.

PHASE II: Develop a prototype of an ultra low frequency, dense array MRI based on the preliminary design from Phase I. All appropriate engineering testing will be performed, and a critical design review will be performed to finalize the design. Phase II deliverables will include: (1.) a working prototype of the sensor, (2.) drawings and specification for its construction, and (3.) test data on its performance collected in one or more simulated operational settings using human subjects. 

PHASE III: This technology will have broad application in commercial as well as military settings. Ultra low field MRIs will require less power, produce smaller and safer magnetic fields and have significantly reduced size and weight factors compared to conventional MRIs. As well, additional sensor technologies may be integrated. This technology would provide never-before achieved levels of injury resolution, significantly improving diagnostic accuracy and efficiency, optimizing the ‘Golden Hour’ during which critical life saving treatments are most effective. Commercially, this will enable greater levels of MRI access to a wider patient base not only in hospitals but in clinics and outpatient setting as well. First responders will be able to include this technology in their response kits to conduct on-site triage during mass-casualty events. Military applications include providing forward deployed surgical teams the ability to perform highly advanced diagnostic assessments before casualties are medevaced to longer-term medical treatment facilities. Phase III efforts will extend efforts performed under conducted during Phases I and II.
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TITLE: Medical Modeling and Simulation Based Training Return on Investment

Decision Model
TECHNOLOGY AREAS: Biomedical

ACQUISITION PROGRAM: Medical Modeling and Simulation, Navy Staff Education and Training 

OBJECTIVE:  Develop a software based decision tool for determining the actual return on investment of medical modeling and simulation based training technologies to provide acquisition decision makers with critical information for system design. 

DESCRIPTION:  The military medical community faces a wide range of challenges to improve the effectiveness and efficiency of current health services and medical procedures’ training from the medical corpsmen level to the emergency and trauma room nurses and doctor’s levels [1]. One approach that is gaining increasing popularity to ensure that all military medicine providers are able to stay current on medical knowledge – in light of rapidly evolving information, and the increasing pressure to move away from animal models- is the application of modeling and simulation technologies to medical training [1]. These tools can be expensive and, if mis-applied, can lead to ineffective or negative training. Ensuring that M&S based medical training systems are effectively developed requires a delicate balance between many variables, including identifying current gaps, inefficiencies, redundancies and opportunities to improve upon training efficiency associated with training doctors, nurses, and corpsmen.  

Numerous studies speak to the potential of M&S based technologies for enhancing training [2]. Nevertheless, there remains a lack of guidance on how to build systems that best support training specific skill sets, leading to an ever-increasing challenge for training designers to navigate the selection of technology components to provide the right balance between individual component fidelity, performance and cost. As might be expected, there are tradeoffs associated with finding the right balance between these three variables. As the fidelity of a system’s components increases, so to do the costs as well as associated maintenance and support requirements, while the added performance improvements may be less than significant [3]. For this reason, it is critical that medical M&S training system implementers integrate system components at the level of fidelity that gives them the most value for the task that they are training. To accomplish this, there is a need for a tool to guide designers on the fidelity level requirements and present trade-offs based on the task that is being trained, the desired level of performance improvement and anticipated return on investment in light of identified budget constraints.

Over 70% of a system’s total cost is established during the concept refinement and design stages, which accounts for less than 30% of total lifecycle cost and which is where many of the most critical cost and performance tradeoffs are determined [4]. This suggests that significant efficiencies may be gained by identifying system requirements in the early stages of a system’s lifecycle. In turn, this requires a capability approach that will allow decision makers to test different design solutions against predicted performance outcomes. This topic requests proposals for a software based return on investment decision support tool that: enables users to define the critical variables necessary for calculating return on investment; develops an ontology linking these variables to each other, performance outcomes and and return on investment; designs novel modeling and simulation based tools to quantify the return on investment tradespace; and, provides a way to interactively display information, complex interactions or a visualization process that encourages designers to weigh the balance of improved performance versus the long-term cost consequences.  

PHASE I:  Required Phase I deliverables will include a feasibility study for software based technologies that can allow system designers, users and procurers to perform return on investment analyses to define the specifications for medical simulation and modeling based training systems. Included in this study will be an initial concept design and model key elements as well as a detailed outline of success criteria and metrics. A final report will be generated, including system performance metrics and plans for Phase II. Ensuring an ‘open design’ to allow integration with other Military Health System’s information systems will be considered a critical performance metric.  Phase II plans should include key component technological milestones and plans for at least one operational test and evaluation. Phase 1 should also include the processing and submission of all required human subjects use protocols should these be required. Due to the long review times involved, human subjects research is strongly discouraged during Phase 1.

PHASE II:  Required Phase II deliverables will include the construction, demonstration and validation of a software based decision tool for determining the actual return on investment of medical modeling and simulation based training technologies, based on results from Phase I. All appropriate software engineering testing will be performed, and a critical design review will be performed to finalize the design. Additional deliverables will include: (1.) a working version (beta-version minimally) of the software tool, (2.) full documentation (user’s guide and relevant development materials), and (3.) test data demonstrating the software tool’s ability to support the requirements outlined in this topic call, in accordance with the success criteria and metrics developed in Phase I. 

PHASE III:  This technology will have broad application in commercial as well as military settings. Within the DoD, the ability to conduct return on investment analyses should generalize to other systems and platforms, including major acquisition programs of record. Commercially, modeling and simulation based training applications continue to form the cornerstone of a business’s continuous training programs. Providing training managers with a tool for making informed decisions as to the performance – cost tradeoffs associated with a given tool will allow them to optimize their training dollars and maximize their employees’ time and performance.
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