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1. Introduction 
This study has four (4) Specific Aims: 
(1) Quantify head impacts across a variety of contact sports and activities using an Impact Monitoring Mouthguard (IMM) system.  

(2) Quantify a dose relationship between head impacts and changes in clinical assessments in non-concussed individuals. 

(3) Correlate head impact exposure with the onset and severity of concussion. 

(4) Quantify laboratory performance of IMM system under military conditions. 

 
 
Administrative functions of this study will be performed at the Medical College of Wisconsin (MCW) in Milwaukee, WI. 
 
Data collection for this study will be performed through the following Institutions: 

o United States Army Aeromedical Research Laboratory (USAARL), Fort Rucker, AL 
o United States Air Force Academy (USAFA), Colorado Springs, CO 
o United States Military Academy (USMA), West Point, NY 
o Concordia University Wisconsin (CUW), Mequon, WI 
o Carroll University (CU), Waukesha, WI 
o Wisconsin Lutheran College (WLC), Milwaukee, WI 
o Carthage College (CC), Kenosha, WI 

 
2. Keywords 

Environmental Sensors in Training (ESiT), Combatives, CARE, Concussion, Impact dose 
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3. Accomplishments 

EXECUTIVE SUMMARY 
The project is making tremendous progress toward successfully completing all Specific Aims within the time and budget 
allotted. In the past year, the following have been accomplished (Figure 1): 

 Deployed 1135 impact monitoring mouthguards to n=718 athletes at six (6) sites:  USAFA, USMA, Concordia 
College (WI), Lutheran College (WI), Carroll University (WI) and Carthage College (WI). 

 Collected ~5,000 video-verified head impacts across American football, lacrosse, and rugby 

 Identified ~30 large magnitude impacts where the subject has exhibited Obvious Performance Decrement (OPD)/” 
No-go” behavior. 

o These data comprise the first accurate dose-response curve for OPD for a military environment 
o The goal for the rest of the study is to broaden this risk curve by both breadth and depth in more subjects, 

and more military-specific activities. 

 The IMM system accuracy has been validated in the field as evidenced by using it as the on-human Reference to 
quantify uncertainty in the Head Impact Telemetry System (HITS), used for five years by the DOD-funded CARE 
consortium. 

 Preliminary laboratory testing of the IMM at USAARL is finished. 

 Collaborative relationships with several DoD and non-DoD sites and groups (Naval Health Research Center, Marine 
CQT, Canadian Special Forces, WRAIR, SOCOM) have been established outside of the cooperative agreement 
populations. All these groups have a direct interest in the head impact data being collected and will serve to 
leverage the study into additional benefit for DoD research and soldier health and safety. 

 

 
FIGURE 1. Deliverables in the past year include deploying over a thousand impact monitors to six (6) research sites and collecting 
data on n=718 athletes, video-verifying the first normative data in athletes from over 5,000 individually measured impacts, 
identifying about 30 high-gravity head impacts that appear to cause performance decrement and fit a dose-response model well, 
and using the impact monitoring mouthguard as an on-human Reference to quantify Head Impact Telemetry System 
performance. 
 
EXPLANATION OF SIGNIFICANT RESULTS 
SEE APPENDIX #1 
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4. Impact 

We have successfully implemented this Project as an additive and complimentary component to the DOD’s investment in 
the CARE Consortium. This Project is allowing expanded monitoring of military members and deeper knowledge of head 
impact doses and exposures to potentially injurious effects beyond the already impressive scope of CARE Consortium. 
 
The capture of normative data – most specifically in American football – along with the single, high-gravity video-verified 
head impacts is a real breakthrough in the science.  
 
We are seeing consistently that a single large magnitude impact to the side and rear of the head is causing obvious 
performance decrement (OPD) in the subjects.  
 
We are also noticing that a similarly high-gravity impact to the forehead does not appear to cause OPD, but we think may 
cause later issues due to emotional state that is not observable on video.  
 
It is highly likely that computational simulation of these data sets will reveal affected regions within the brain tissue. 
Collaborations with simulation groups would be facilitated using a data sharing agreement with this study and would be 
another novel breakthrough in the science. 
 
Finally, we think that in capture of low-g head impacts in military environments that there will also exist a shock wave 
signature in the data. Going forward we will capture the kinematics for head impact and be on the lookout for 
shock/acoustic signatures that accompany many military training environments where we will collect data. 
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5. Changes/Problems 

 

 Because of such tremendously high enrollment at USAFA, USMA and the four (4) Wisconsin sites managed by 
Medical College of Wisconsin, we predict that the line item in the budget for impact monitors will be exhausted by 
August/2020.  

 The budget has approximately $1.4 million remaining thru the current end date of October/2020 
o This can re-budgeted to accommodate personnel and supplies to collect data in an additional ~2,000 

subjects during the 2020-2021 academic year. 

 Therefore, since we have sufficient budget remaining for personnel thru ~Oct/2021 (assuming a no-cost extension 
were available), we are proposing to re-allocate some of the budget to allow monitoring of an additional ~2,000 
subjects during the 2020-2021 academic year.   

 We are also proposing to modify the current SoW to provide rationale and justification for the no-cost extension, 
re-budgeting, and expansion of effort to deliver on the Specific Aims in DoD-relevant populations of interest. 

  SEE APPENDIX #2 for details on the revised SoW 
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6. Products, Inventions, Patent Applications and/or Licenses, SEE APPENDIX #3 FOR PDF COPIES 
The results have been disseminated to communities of interest as follows: 

Type of Product Site/Journal Title Date

Poster MHSRS Symposium

Laboratory and On-field Results of Athlete Head Impact 

Monitoring Aug-18

Podium BMES Annual Meeting Head Impacts in American Football and Combat Sports Oct-18

Publication Biomed Sci Instrum

Estimates of High-risk Single and Cumulative Head Impact Doses 

in American Football [ISSN: 0067-8856 04 55 2] Apr-19

Publication ASTM Ice Hockey Summit

Summary of accurate and precise head impacts collected on-ice 

in hockey players and how these data will be used to improve 

equipment and rules for safer play [in press] May-19

Publication IEEE Annual Conference

Laboratory and On-field Data Collected by a Head Impact 

Monitoring Mouthguard [doi: 10.1109/EMBC.2019.8856907] Jul-19

Poster National Neurotrauma Society

Athlete "No-Go" Head Impacts to the Side and Rear Cause 

Visible Deficits Jul-19

Podium SB3C Conference

Estimates of High-risk Single and Cumulative Head Impact Doses 

in American Football Jun-19

Poster AAN Concussion Meeting

High Energy American Football Head Impacts to the Side and 

Rear are more Damaging than Impacts to the Front Jul-19

Poster ASB/ISB Meeting

Machine Learning can Improve Accurate Monitoring of Head 

Impacts in American Football Jul-19

Poster MHSRS Symposium

Athlete "No-Go" Head Impacts to the Side and Rear Cause 

Visible Deficits Aug-19

Publication IRCOBI Conference

Regional Brain Injury Vulnerability from Two Finite Element 

Models of the Human Head 

[http://www.ircobi.org/wordpress/downloads/irc19/pdf-

files/89.pdf] Sep-19

Podium BMES Annual Meeting

Athlete Spatial and Temporal Impact Characteristics Influence 

Brain Strain Response Oct-19

Poster BMES Annual Meeting

Engineering Characteristics of Single and Cumulative Head 

Impacts in Sport that Cause Functional Impairment Oct-19

Podium FAA Triennial Conference

High Energy Impacts to the Side/Rear Cause "No-Go" 

Observations Oct-19

Podium IMECE Annual Meeting

Engineering Characteristics of High Energy Head Impacts in 

Athletes that Cause Functional Impairment Nov-19

Podium IMECE Annual Meeting

Sensor Enabled Cloud Based Computational Modeling of the 

Brain Nov-19

Publication Military Medicine

Measuring Blunt Force Head Impacts in Athletes [doi: 

10.1093/milmed/usz334] Feb-20

Podium NCA TBI Conference

Quantifying Head Impacts and Blast Exposures Using and Impact 

Monitoring Mouthguard Mar-20  



9 

 

 
7. Participants & Other Collaborating Organizations 

Name: Adam Bartsch PhD PE 

Project Role: PI 

Researcher Identifier (e.g. ORCID ID): 
 

Nearest person month worked: 3 

Contribution to Project: Dr. Bartsch is the Principal Investigator 

Funding Support: Prevent Biometrics, NIH 

Name: Brian Stemper PhD 

Project Role: Co-Investigator 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 2 

Contribution to Project: Dr. Stemper is a co-Investigator at MCW 

Funding Support: MCW, NIH, DOD 

Name: Michael McCrea PhD 

Project Role: Co-Investigator 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 1 

Contribution to Project: Dr. McCrea is a Co-Investigator at MCW 

Funding Support: Prevent Biometrics, NIH 

Name: Jerry McGinty DPT 

Project Role: Co-Investigator 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 1 

Contribution to Project: Dr. McGinty is a Co- Investigator at USAFA 

Funding Support: USAFA 

Name: Jon Jackson MD 

Project Role: Co-Investigator 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 1 

Contribution to Project: Dr. Jackson is a Co- Investigator at USAFA 

Funding Support: USAFA 

Name: Ken Cameron PhD 

Project Role: Co-Investigator 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 1 

Contribution to Project: Dr. Cameron is a Co-Investigator at USMA 

Funding Support: USMA 

Name: Megan Houston PhD 

Project Role: Co-Investigator 



10 

 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 1 

Contribution to Project: Dr. Houston is a Co-Investigator at USMA 

Funding Support: USMA 

Name: Tyler Rooks MS 

Project Role: Co-Investigator 

Researcher Identifier (e.g. ORCID ID):  

Nearest person month worked: 1 

Contribution to Project: Mr. Rooks is a Co-Investigator at USAARL 

Funding Support: USAARL 

 



11 

 

 
8. Special Reporting Requirements 

This project is required to report to FITBIR. Consent language has been included for this project and is incorporated by 
reference from the consents that have been collected on all subjects. As part of this process, and following the NCAA-DoD 
CARE model, global unique identifier (GUID) information has also been collected on subjects for de-identification and 
storage of data. Common Data Elements have been collected in clinical assessments, and do not currently exist for many of 
the head impact parameters but are under review by NINDS. Dr. Bartsch is a co-chair of this NINDS committee and it is 
anticipated that when head impact CDE’s are finalized that the data collected under this project for head impact dose (e.g. 
linear/angular velocity/acceleration, impact energy, impact location, video observations et al.) will be available to 
immediately upload into FITBIR. 
 
This project also requires a Quad Chart to be submitted. This Quad Chart (QuadChart_W81XWH-17-1-0019Rev02) has been 
submitted as a separate attachment in APPENDIX #4. 
 



9. Appendices 
APPENDIX #1 – EXPLANATION OF SIGNIFICANT RESULTS (embedded PDF, double click to open) 
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APPENDIX #2 – MODIFIED SOW (embedded PDF, double click to open)  
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APPENDIX #3 – Products/Publications  (embedded PDFs, double click to open) 
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APPENDIX #4 – QUAD CHART (embedded PDF, double click to open) 

 


