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Abstract 

The Joint Trauma Analysis and Prevention of Injury in Combat (JTAPIC) partnership provides a single access point for DoD customers to access integrated medical, operational, material, and intelligence (MOMI) data and analysis products. The partnership mission is to improve the understanding of vulnerabilities to threats and enable the development of improved tactics, techniques, procedures, requirements, materiel solutions, models and policy in order to prevent and mitigate Warfighters injuries. This paper presents an on-going case study where medical, operational, material, and intelligence data are being integrated to mitigate injury.  The case concerns an examination of combat injury data for warriors exposed to underbody blast (UBB) injury and the use of this data to develop a blast test manikin/anthropometric test device (ATD). Many combat injuries and deaths in the Iraq and Afghanistan conflicts occur in vehicles subjected to underbody blasts (UBB). Preventing UBB injuries and mitigating their severity has been a high priority for the Department of Defense (DoD). However, existing knowledge about the forces these blasts exert on the human body, and the response of the human body to such forces, is limited. In turn, Live-Fire Test and Evaluation (LFT&E) efforts to improve vehicle occupant protection are hindered. Through the effective use of data from cadaveric research and integrated combat MOMI data the program strategy for an improved underbody blast was developed and is playing a critical role in overcoming limitations to current LFT&E of combat vehicles.

1.0
background

The JTAPIC program mission is to facilitate the joint collection and integration of data and information to improve our understanding of our vulnerabilities to threats and enable the development of improved tactics, techniques, and procedures (TTP’s), requirements, materiel solutions, models, etc. in order to prevent and mitigate injuries. The JTAPIC program has proven to be an invaluable asset to the Army and DoD.  The collaborative efforts of the JTAPIC PMO and its partners have generated significant cost savings by providing combat event and injury analysis and actionable information to Service Materiel Developers, TRADOC, and other senior decision makers. This information has allowed for focused vehicle improvements; modular application of survivability systems; and reduction in casualties and vehicle damage (in terms of severity and number of damaged vehicles).  The JTAPIC Program is credited with a reduction in casualties; and reduction in time and materials involved in vehicle upgrades and development programs.  While difficult to quantify, examples of results from contributions and use of information provided by the JTAPIC Program are: 

· The number of Abrams Tanks destroyed from underbelly attacks fell from 13 per year to 2 per year after the application of tank urban survivability kits; resulting in an annual savings of $49.5M (base vehicle cost only).

· The rate of destroyed Bradley Fighting Vehicles per attacks fell from 50% to 27% after the application of Bradley urban survivability kits and other recommended changes from JTAPIC partners; resulting in an annual savings of $9.1M (base vehicle cost only).

· The rate of Stryker vehicles destroyed per attack dropped by 70% after JTAPIC Program-supported changes were applied; resulting in an annual cost savings of $14.5M (base vehicle cost only).

The timely collection of injury data and combination of that data with operational intelligence provides military leaders and material developers information needed to protect warfighters through improved protective equipment or improved measurement of the effectiveness of vehicle protection systems. This paper presents two on-going case studies where medical, operational, material, and intelligence data are being used to mitigate injury.  

1.1    
Underbody Blast 

The case study concerns an examination of combat injury data for warriors exposed to underbody blast (UBB) injury and the use of this data to develop a blast test manikin/ATD. Many combat injuries and deaths in the Iraq and Afghanistan conflicts occur in vehicles subjected to under body blasts (UBB). Preventing UBB injuries and mitigating their severity has been a high priority for the Department of Defense (DoD). However, existing knowledge about the forces these blasts exert on the human body, and the response of the human body to such forces, is limited. In turn, LFT&E efforts to improve vehicles protective systems are limited.

2.0 
Underbody Blast Injuries [1]
Over the past several years, the use of improvised explosive devices and roadside bombs by enemy forces in Iraq and Afghanistan has resulted in the increased exposure among US combat vehicles to under-­body blasts (UBBs). When exposed to these blasts, the occupants inside these vehicles have experienced a wide range of physical injuries. Efforts to prevent and mitigate these injuries have been hampered by a lack of knowledge about the effects of under-­body blasts on the human body and an inability to adequately measure those effects in LFT&E. It is known that UBBs experienced on the battlefield exert forces on occupants of ground combat vehicles that are of higher magnitude, shorter duration and different directions than forces in civilian car accidents. However, when testing armored vehicles for safety during UBB events, the Department of Defense (DoD) is still using anthropometric test devices (ATD) designed for civilian car accidents even though they were not designed or validated for UBB events. The test and evaluation injury criteria and current ATDs for assessing injuries from accelerative loading as a result of UBB are inadequate To help address this gap, the goal of the Warrior Injury Assessment Manikin (WIAMan) project, a new UBB project approved by DoD, is to develop a Warrior-­representative anthropometric testing device (ATD). As part  of the WIAMan project, the U.S. Army Medical Research and Materiel Command (USAMRMC), headquartered at Fort Detrick, Maryland, is conducting medical research to develop biomedically validated injury data and improve scientific understanding of UBB injuries. The medical research project will focus on measuring how the human body reacts to forces similar to those created by UBBs in combat vehicles. The medical research will also involve cadaveric and ATD matched-­pair testing focused on nine body regions. Output from the medical research will feed back into the WIAMan project to help develop a state of the art ATD that can be used in LFT&E of UBB events. The ultimate goal is to prevent or mitigate injuries to service members as vehicles are designed to be safer and more protective during a UBB event. The proposed WIAMan project is expected to involve military, academic, and private sector partners and span approximately six years. 

2.1    Warrior Injury Assessment Manikin (WIAMan) 

The main purpose of the WIAMan medical research project is to provide an understanding of the biomechanics of injury that occur in an combat vehicle underbody blast event involving a landmine or improvised explosive device through a combined experimental and computational research plan.  The data generated in this research, notably the biofidelic corridors, will be used by the anthropometric test device (ATD) community for enhancements of existing adult ATDs and fabrication of a next generation ATD that will be used in military Live-Fire Test and Evaluation  (LFT&E) efforts as well as in the development of injury criteria for the evaluation of ground combat vehicles.  The testing and computational modeling efforts will contribute to a better understanding of the effects of countermeasure design, for example – vehicle hulls and seats, ejection mitigation and restraint performance, that could be used by ground combat vehicle manufacturers in efforts to improve vehicle safety and reduce serious injuries that result from underbody blast events.  The research will provide an assessment of the biofidelity of current ATDs versus Post Mortem Human Surrogates (PMHS) in underbody blast conditions.  This data will also improve the knowledge of test protocols related to underbody blast events.  In turn, this will provide a means to enhance test protocols used during combat vehicle  live fire test events.  Specific goals of the WIAMan research include: 

· Conduct tests based upon a military vehicle underbody blast environment that at higher rates of loading can be much more severe, especially in crash and blast scenarios.
· Conduct literature review of specified body region compression loading tolerances as a function of age, gender, and loading rate

· Biomechanical Testing - develop advanced body region injury risk assessment tools for vehicle underbody blast related pulses in military environments

· Conduct Post-Mortem Human Surrogate body region unit testing on military-age and anthropometrically representative specimens.

· Support design of more biofidelic anthropometric test devices/dummies for use by the Army during life fire tests based upon a military vehicle underbody blast environment at higher rates of loading

· Develop biofidelic corridors for ATD development

· Document the injuries sustained in a simulated under-body blast event and the associated injury mechanisms.

· Develop methods for integration of whole body PMHS research into testing for individual body region testing

2.2
WIAMan Approach

To overcome the LFTE shortcomings, an entirely new human accelerative loading measurement device and improved injury assessment methodologies will be developed.  These devices and methodologies will be founded on:

· Cadaveric research that defines human injury criteria for the under body blast environment (short duration, high magnitude, high rate, primarily in the vertical direction)

· Physical parameters that are representative of the current soldier population

· Full consideration of the military operational environment

· Instrumentation that satisfies the measurement and data acquisition requirements of the live-fire test and evaluation environment

· Analyses of injury data gathered from operational experiences in Iraq and Afghanistan

· Relevant assessment methodologies that can be extended to yield injury assessments at higher fidelities and with higher confidence
2.2.1 
Building an Anthropometric Test Device

The U.S. National Highway Transportation and Safety Administration (NHTSA) has conducted ATD development for decades. Their summarized version of their process is outlined in Figure 1. Step 1b is the focus of the injury analysis that follows. It guides obtaining the answers to two key questions: First, what do we study – “fractures” or “soft tissue & organs?”  While the question seems straightforward, the answer must take into account project funding limits, time available, state of existing technology, and available information on blast injuries. Once that general question is answered the next question  is - what are the most representative injuries? In addition, this straightforward question must take into account the changing nature of injury, as well as enemy tactics and weapons while also building a manikin that supports the test and evaluation of future combat vehicles.  
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Figure 1: NHTSA ATD Development Model.
2.2.2 
Building the Data Set of Injuries
To accomplish this task we reviewed the collected MOMI data (injury data was both AIS, and ICD-9 coded).  The process of identifying only underbody blast incidents required a full understanding of the conditions in which the injuries occurred, including the type of weapons, enemy tactics, and vehicle characteristics and conditions under which the incident occurs. After culling the data for injuries that matched underbody blast conditions the team prioritized injuries to investigate within each body region.  Once these specific injuries are identified, the final critical data item for conduct of the cadaveric research is to obtain representative medical images that can be used in the research effort to validate cadaveric injury against actual battle injury.
2.2.3
WIAMan Key Research Deliverables 
There will be a number of deliverables that will be exchanged between organizations performing research or ATD development.  This is not an exhaustive list of deliverables but should serve to guide others embarking on similar research efforts.  Examples of these deliverables include:

· Any test plans and/or protocols

· Biomechanical data generated including time history traces of forces, moments, and accelerations, video, VICON motion capture data (kinematic analysis and supporting data)

· Injury risk curves and proposed related injury reference values (IRV) – injury criteria, biofidelity corridors 

· Finite Element Analysis models and computational models

· Publication documenting and discussing effort and results

· Periodic progress reports – situation reports (short)

· Progress reports quarterly (longer, more detailed)

· ATD sensor data

· Post-Mortem Human Surrogate (PMHS) whole body and body region sensor data

· Detailed pre- and post-test radiology reports and images, and necropsy reports

· High-speed x-ray

· Injury criteria that can be used in investigation of under-body blasts
2.3
Injuries of Concern [2]
The data set used in the study consisted of the following injuries coded using the Abbreviated Injury Scale (AIS)

· Total Casualties N=608, combination of  Wounded In Action (WIA)/ Killed in Action (KIA)
· Casualties with minor/superficial injuries excluded 
· Wounded in Action (WIA) Casualties - N=456 with 1637 coded injuries

· Killed in Action (KIA) Casualties – N=152 with 2912 coded injuries
When broken down by numerical numbers of injuries the distribution of fractures, internal organ, and concussion injuries were:

· Wounded in Action (WIA) Casualties - 1637 injuries

· 1054 (53%) are fractures

· 188 (11%) are internal organ

· 227 (14%) are concussions

· Killed in Action (KIA) Casualties –  2912 Injuries

· 1529 (53%) are fractures

· 913 (31%) are internal organs

· Dislocation, Sprain, Crushing, Burn, Nerve much smaller number of injuries, relative to total number of injuries catalogued
Total distribution of injuries are depicted in figures 2 and 3.
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Figure 2: Percentage of casualties with specific fractures.
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Figure 3: Percentage of casualties with specific internal organ injuries.
2.4
Program Decisions

Based upon these results and the results of a three day conference that looked at available resources, state of technology, and other factors several programmatic decisions were made to guide the direction of the program.  The process of arriving at these decisions is to lengthy for this paper but a brief summary of the program decisions will help guide others in future research. These decisions include:

· Types of Loading: focus on vertical accelerative loading and blunt impact 
· Types of Injuries : fractures, dislocations, amputations, musculoskeletal injuries as they relate to joint injury

· Direction(s) of interest: primarily vertical,  multi-directional because of the off-axis injuries observed

· Injury Research that supports manikin development and live-fire test and evaluation of underbody blast in vehicles to include:

· Human tolerance & injury criteria research

· Biofidelity/Biodynamics response/behavior research

· Injury Assessment Reference Values (IARV) developments
2.5
Preparing for Research [3]
Now that the program had answered the first questions about where to focus research efforts the next question became, of the injuries we have observed what are the most representative injuries that we should try to replicate.  The choice of injuries is critical to our ability to develop an ATD that will support injury research and life-fire test and evaluation efforts.  When doing so we had to make informed estimates that take into account the changing nature of injury, weapons, and future combat  vehicles. The ATD will need to be useful in the near term and long term.  We reviewed the collected injury data and catalogued it according to the body regions that align with the ATD development and prioritized these injuries for replication in the cadaveric research effort. Examples of some of the identified injuries, by body region are provided at figure 4. One of the significant lessons learned during the conference was that researchers would need radiographic images of actual combat injuries to match against research injuries. An example of a readiographic image is provided at Figure 5.  This image will ensure appropriate fidelity between the observed combat injuries and the injuries experienced by the cadavers during research.
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Figure 4: Prioritized injuries by body regions (example of foot/ankle region).
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Figure 5: Example of Medical Imaging used in the project.
3.0
Recommendations and Conclusions

3.1
Recommendation
3.1.1
Injury Severity Scores [4]

Current military doctrine pulls definitions, grading scores, and disease criteria from civilian trauma literature. The use of Injury Severity Scores allows comparisons to current medical literature and outcomes data. The use of standardized definitions also allows better correlation with existing literature. However, the definitions and scores do not take into account function-al and long-term challenges that specific battlefield injuries face. Military-specific definitions are needed to facilitate thorough research and comparison of long-term outcomes. The injury research community should develop military-specific trauma scoring criteria that address the complexities of battlefield injuries.
3.1.2 
Medical Documentation 

Accurate medical data that is integrated with materiel, intelligence, and operational data can serve as a key element in improvements to soldier protection activities that include improved tactics, personal protective equipment and vehicle protective systems. Building organizations that are able to collect and integrate medical documentation that begins at the point of injury is a capability that should be encouraged not only across branches of U.S. military services but also with our allies.
3.2 
Conclusion
The Joint Trauma Analysis and Prevention of Injury in Combat (JTAPIC) partnership provides a single access point for DoD customers to access integrated medical, operational, material, and intelligence (MOMI) data and analysis products. The partnership mission is to improve the understanding of vulnerabilities to threats and enable the development of improved tactics, techniques, procedures, requirements, materiel solutions, models and policy in order to prevent and mitigate Warfighters injuries. Through the effective use of data from cadaveric research and integrated combat MOMI data the program strategy for an improved underbody blast was developed and is playing a critical role in overcoming limitations to current LFT&E of combat vehicles. 
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