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APPENDIX A: ACRONYMS

FOREWORD FROM THE ACTING DIRECTOR
In 2006, when the Blast Injury Research program was
established, the number of U.S. troops in Iraq was fast
approaching its highest point, at nearly 170,000; four years
later, the number of U.S. troops in Afghanistan would also
reach six digits. In FY19, these massive deployments were
eased, and troops in combat operations were a mere
fraction of those deployed when the Blast Injury Research
Coordinating Office (BIRCO) came into being. American
defense, however, is never idle. As Service members have
returned home, the U.S. military has looked back at the last
wars for lessons learned and best practices and has begun
to look ahead to define the shape of the threats that face
our Nation and the challenges that may confront her
military. This assessment has forced changes in our
organization, structure, and doctrine. The medical research community has not been immune
to these changes and underwent rapid transformation during FY19, as the Department of
Defense (DoD) sought a better alignment between research priorities and battlefield needs,
highlighting the need for coordination of efforts.
Coordinating blast injury research requires focus and engagement at both the individual
researcher and enterprise levels. As one example, BIRCO is supporting the Assistant Secretary
of Defense for Health Affairs’ (ASD(HA)) response to the requirements of Section 734 of the
National Defense Authorization Act for FY18 as the Office of Primary Responsibility for the Line
of Inquiry on Weapon Systems. In this role, BIRCO is required to gather, coordinate, and
analyze information on blast characteristics of heavy munitions and account for emerging
research on the impact of these systems to Service member health and performance. Toward
this goal, a BIRCO-led working group has created and populated a database of known
information about Tier 1 Weapon Systems, collating numerous data elements of multiple
weapon systems in an easily referenced format, and is using this resource to review methods
and identify gaps in characterizing Tier 1 Weapon Systems. Ultimately, this effort will produce
data-driven Service member protection strategies and weapon systems acquisition
requirements. Performing this role requires working with investigators to compile appropriate
Tier 1 Weapon Systems data, and with representatives from ASD(HA) and the Defense Health
Agency J-9 to ensure its proper inclusion in the broader Section 734 response.
In addition to presenting the activities of BIRCO, this report features an update from the blast
injury research community on their accomplishments throughout FY19 (detailed in Chapter 7).
This community continues to rise to the challenge of improving the prevention, mitigation, and
treatment of blast injury — a complex and wide-ranging injury etiology with effects that are not
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always readily identifiable or remedied and which may persist long after the acute stages of
treatment. I am inspired by their relentless dedication. Of the many notable research findings this
year, I call just a few to the fore as examples of the breadth of this field:
The first part of a Biologics License Application to the U.S. Food and Drug Administration (FDA)
for freeze-dried plasma has been submitted. This is a tremendous first step towards having a
licensed plasma product for use in theater to address hemorrhage closer to the point of injury
(pg. 160).
The Traumatic Brain Injury (TBI) Endpoints Development (TED) Initiative received qualification from
the FDA for OSIRIX CDE, a software tool for the use of neuroimaging prognostic biomarkers for
mild to moderate TBI. This was the first biomarker tool qualified under the FDA’s Medical Device
Development Tools program and will aid in participant selection for clinical trials (pg. 176).
Researchers at the New Jersey Institute of Technology are working to translate animal models of
blast exposure to the human condition. Their development of a master dose-response curve for
blast exposure aims to assess the relationship between primary blast injury and the resulting
effect of the blast waves on the brain to ultimately facilitate the use of this function as a predictive
tool for blast injury risk (pg. 173).
A team of researchers from the Northwestern Feinberg School of Medicine, Uniformed Services
University, University of Oklahoma, and Ohio State University demonstrated that Targeted Muscle
Reinnervation led to a greater reduction in phantom limb pain than the standard of care, which
could influence amputation protocols (pg. 185).
Coordination of research efforts is vital because kinetic military action is chaotic and contingent,
and because the DoD research community is vast, with activities spanning disciplines and
domains. Coordination makes these diverging efforts coherent and mutually supporting, engaging
them in a single narrative. This approach effectively imposes upon disparate and unconnected
works the constraint of Aristotle’s three dramatic unities: we coordinate across time, by preserving
the lessons learned from past researchers and prior deployments and looking for opportunities to
apply those lessons to the coming storms; across place, by linking the research laboratory, the
virtual worlds of computer simulation, the field hospital emergency room, the VA clinic, and the
frontline medic; and across action, by continually reinforcing the connection between medical and
scientific research activities, and military requirements and missions. BIRCO promotes these
unities to keep the blast injury research community efficiently moving forward to protect and heal
those who serve.

Dr. Raj K. Gupta
Acting Director, DoD Blast Injury Research Coordinating Office
U.S. Army Medical Research and Development Command
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EXECUTIVE SUMMARY

B

last-related injury has become
increasingly common in modern
conflicts, including Operation Enduring
Freedom, Operation Iraqi Freedom, and
Operation New Dawn. Improvised explosive
devices remain the weapon of choice for
militant groups worldwide, with resulting civilian
and military injuries that span from mild to
severe. Although technological advances and
tactical improvements have increased survival
rates, blast events leave Service members
with significant injuries including hearing loss,
penetrating injuries, burns, fractures and
traumatic amputations, and open and closed
head injuries such as traumatic brain injury
(TBI). Even relatively mild symptoms of blast
injuries (for example, tinnitus, dizziness, or
disorientation) can have significant effects on
operational readiness and quality of life. To
address these effects, the United States (U.S.)
Department of Defense (DoD) invests significant
resources in medical and non-medical research
on the prevention, mitigation, and treatment of
blast injuries.
In Section 256 of Public Law 109-163, National
Defense Authorization Act for Fiscal Year 2006
(FY06), Congress directed the Office of the
Secretary of Defense to designate an Executive
Agent (EA) to coordinate DoD medical research
efforts and programs relating to the prevention,
mitigation, and treatment of blast injuries. DoD
Directive (DoDD) 6025.21E formalized the DoD’s
blast injury research efforts. This directive
established the DoD Blast Injury Research
Program and assigned EA responsibilities to the
Secretary of the Army. These responsibilities
also include recommending blast injury
prevention standards, ensuring that DoDsponsored blast injury research programs
address the Services’ needs, and sharing
blast injury research information among
medical and non-medical communities. The
responsibility to execute EA responsibilities
has been delegated to the Commander, U.S.
Army Medical Research and Development

Photo credit: Walter J. Pels/U.S. Army

Command (USAMRDC); the Blast Injury Research
Coordinating Office (BIRCO) was established
at USAMRDC headquarters on Fort Detrick,
Maryland, to assist in fulfilling the EA’s assigned
responsibilities and functions. Chapter 1 of this
Report presents an overview of the DoD blast
injury research community and the delegation of
EA authority in FY19.
Chapters 2–4 of this Report present the FY19
activities of BIRCO. As demonstrated by the
work detailed therein, BIRCO continues to
accomplish our mission in support of the EA for
medical research for the prevention, mitigation,
and treatment of blast injuries. Our success
is largely due to our unique ability to cultivate
strong relationships with the DoD medical and
non-medical communities, other government
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agencies, and international partners, and to
leverage these relationships to help solve the
many complex problems associated with the
prevention and treatment of blast-related injuries.
FY19 was a pivotal year for blast injury in the
DoD. Congress mandated, through successive
annual National Defense Authorization Acts,
several actions and studies that will alter the
ways DoD tracks and handles exposure to blast.
Agencies throughout the Department have been
responding to this challenge and BIRCO has been
critically involved in this effort, exercising our
communication with the many partner offices
involved in blast efforts. BIRCO is part of the team
responding to the requirement from Congress for
a Longitudinal Medical Study on Blast Pressure
Exposure of Members of the Armed Forces (FY18
NDAA, Section 734). In FY19, BIRCO coordinated
Workgroup meetings that led to development
of a Charter, Program Structure, and an interim
report on the DoD’s response to the Congressional
requirement. BIRCO was designated as the Office
of Primary Responsibility for a Line of Inquiry on
weapon systems. In this role, BIRCO is required
to gather, coordinate, and analyze information
on blast characteristics of heavy munitions and
to account for emerging research on the impact
of these systems to Service member health and
performance. BIRCO’s critical efforts in this role
during FY19 were analyzing and reporting on over
1000 pages of material submitted in response to a
request for information to support the Section 734
response, and creating a database of information
about Tier 1 Weapon Systems. LOI 2 will use
this resource to review methods and identify
gaps in characterizing Tier 1 Weapon Systems.
Findings and recommendations will be shared
with Section 734 leadership for immediate action
where appropriate and the LOI 2 sub-workgroup
will coordinate across all LOIs for collaborative
recommendation.
Another initiative is the International State-of-theScience (SoS) Meeting Series, which leverages
the expertise of the world’s best scientists,
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engineers, and clinicians to identify blast injury
knowledge gaps and to recommend research and
policies that will close the gaps. In FY19, we held
an SoS meeting on “Limb Salvage and Recovery
after Blast-Related Injuries,” and the findings and
recommendations will inform clinical and research
practices throughout the DoD.
BIRCO also continued to chair the DoD Working
Group on Computational Modeling of Human
Lethality, Injury, and Impairment from Blastrelated Threats. This working group is developing
a conceptualized framework with component
models capable of providing threat-to-outcome
modeling and simulation of the effects of blast
on the human body. These models will make it
possible to rapidly develop and test novel blast
protective equipment in a virtual environment.
Finally, our historical blast bioeffects research
data recovery project has made available 50 years
of knowledge on the biological effects of blast to
prevent unnecessary duplication of effort. Chapter
2 contains further details about these and other
BIRCO efforts during FY19.
BIRCO also had significant accomplishments
with our international initiatives during FY19,
which are detailed in Chapter 3. These initiatives
address the Congressional mandate for the
EA to leverage the knowledge and expertise
of blast injury experts from other countries to
address the DoD’s blast injury challenges. BIRCO
concluded the nine-nation NATO Human Factors in
Medicine (HFM)-234 Research Task Group (RTG)
with the release of much-needed guidelines for
enabling and conducting high-quality blast injury
research that will advance our understanding
of such injuries, and prepared to conclude the
HFM-270 effort that is developing a framework
for modeling and simulation of human lethality,
injury, and impairment from blast-related threats.
BIRCO held the first meeting of the International
Forum on Blast Injury Countermeasures (IFBIC),
leveraging the blast injury research expertise from
many nations to address blast injury issues of
importance to the DoD. Finally, BIRCO continued

Photo credit: Staff Sgt. JoAnn S. Makinano/U.S. Army

to lead a collaborative research project with India
under the U.S.-India Defense Technology and
Trade Initiative to develop computational and
experimental models of mild TBI that will guide the
development of blast injury protective equipment
and treatment strategies.
Throughout FY19, BIRCO continued to make
significant progress in our existing, long-term
initiatives. Among these initiatives is the Blast
Injury Prevention Standards Recommendation
(BIPSR) Process. This initiative brings together
stakeholders from medical, operational, and
materiel development communities to ensure that
the DoD is using the best available science-based
guidelines for developing effective blast injury
protective equipment for Service members. This
initiative is discussed in more detail in Chapter
4. During FY19, we reviewed candidate standards
for preventing auditory injury and began the BIPSR
Process for dermal burn injuries.
This Report features significant advances made
by the innovative and dedicated members of the
DoD blast injury research community with whom
this office coordinates. Chapter 5, contributed
by the Army Health Hazard Assessment Program,
U.S. Army Public Health Center, describes the
guidelines for assessing health hazards inherent

in weapon systems, munitions, and other materiel
systems to protect Service member health and
reduce degradation of Soldier performance.
Chapter 6 presents an overview of the National
Intrepid Center of Excellence (NICoE) and their
mission of improving the lives of patients and
families impacted by TBI through clinical, education,
informatics, and research efforts. Chapter 7 is
a broad survey of blast injury research advances
made in FY19 by medical and non-medical
scientists, engineers, technicians and acquisition
professionals across the scientific community, and
examines the diversity and power of the tools being
developed to prevent, mitigate, and treat blast
injuries.
This Report concludes with a discussion of both the
immediate future and the road ahead for DoD blast
injury research in Chapter 8. BIRCO will continue
to use our unique capabilities and talented staff
to lead efforts that break down communication
barriers, enable information sharing, and facilitate
collaboration among diverse stakeholders to
address and develop solutions to complex blast
injury challenges. Further, we will continue to
move our U.S. and international initiatives forward
and apply our capabilities to any new challenges
presented to us in the coming year.
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B

last injuries are complex physical traumas
resulting from explosion and potentially from
firing weapons in training or in theater. Blast
injury ranges from hearing loss and internal
organ damage to traumatic brain injury (TBI), vision
loss, and burns. Those exposed to blast often exhibit
more than one of these injury types simultaneously,
making their treatment highly complex. This polytrauma necessitates ongoing blast injury research
and knowledge sharing between civilian and military
sectors to accelerate research and development of
technology to prevent and treat blast injuries.
Weapons with a blast component were responsible
for 82 percent of U.S. Service members killed in
action (KIA) and 86 percent wounded in action (WIA)
in Iraq and Afghanistan between December 2001 and
September 2017. During this time, for each KIA there
were 8.4 WIA, and of those wounded, five percent
suffered traumatic extremity loss (JTAPIC, 2017).
While explosives built and/or detonated by insurgent
adversaries occupy a substantial portion of blastrelated injuries to U.S. Service members, preliminary
evidence suggests that repeated, low-level blast
exposure due to occupational training (e.g., breaching)
or heavy munitions firing may cause transient physical
or psychological changes. This controversial topic was
addressed thoroughly during the 2017 International
State-of-the-Science (SoS) Meeting; the resulting
expert consensus was that applicable research is in its
nascent stages and definitive conclusions cannot yet
be drawn.
Civilians are also affected by the use of explosive
devices in acts of terror. For example on April 15,
2013, three people were killed and 264 were wounded
(including 16 who lost limbs) when homemade
pressure-cooker explosives were detonated during the
Boston Marathon. On the evening of May 22, 2017, a
lone suicide bomber detonated explosives as teenage
fans were leaving a concert at the Manchester Arena
in the United Kingdom; the attack killed 23 and
injured 800. An explosive, wrapped in a plastic bag
that was concealed in a bucket, detonated during
the morning rush on September 17, 2017 in a train
attack at the Parsons Green station of the London

Public Law 109-163, NDAA for FY06,
(Section 256, Prevention, Mitigation, and
Treatment of Blast Injuries), January 6, 2006
Congressional Mandate

DoD Directive 6025.21E, Medical Research
for Prevention, Mitigation, and Treatment of
Blast Injuries, July 5, 2006
Designates SECARMY as EA and assigns
program oversight to USD(AT&L)*

SECARMY delegates EA authority to
The Surgeon General of the U.S. Army,
August 21, 2017

The Surgeon General delegates EA
authority to the Commander, US Army
Medical Research and Materiel Command,
November 14, 2017

FIGURE 1-1: Assignment of EA Authority
*D
 uring FY18, the Under Secretary of Defense for Acquisition,
Technology and Logistics (USD(AT&L)) was split into two offices:
the Under Secretary of Defense for Acquisition and Sustainment
(USD(A&S)) and the Under Secretary of Defense for Research
and Engineering (USD(R&E)). Oversight of the EA was retained by
USD(R&E).

Underground; over 30 people suffered injuries,
including burns and fractures. On Easter Sunday, April
21, 2019, several bombings killed more than 250
people and injured more than 400 across Sri Lanka.
The impact of explosive devices on U.S. military
operations, Service members, their Families, and
civilian victims of conflict and terrorism, emphasizes
the need for coordinated research investments in
the prevention, treatment, and rehabilitation of blast
injuries.
In 2006, Congress passed legislation to address
critical gaps associated with blast injury research.
In Section 256 of Public Law 109-163, National
Defense Authorization Act (NDAA) for fiscal year
2006 (FY06), Congress directed the Office of the
Secretary of Defense (OSD) to designate an Executive
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Agent (EA) to coordinate Department of Defense (DoD)
medical research efforts and programs relating to the
prevention, mitigation, and treatment of blast injuries
(Figure 1-1). In response to this direction, Department
of Defense Directive (DoDD) 6025.21E, Medical
Research for Prevention, Mitigation, and Treatment of
Blast Injuries, formally established the DoD Blast Injury
Research Program on July 5, 2006 (see Appendix C:
DoDD 6025.21E).

shaping medical research programs to fill identified
gaps, disseminating blast injury research information,
and promoting information sharing and partnerships
among DoD and non-DoD entities (Figure 1-2). Through
these efforts, BIRCO works to improve blast injury
prevention, mitigation, and treatment strategies for
Service members and their Families.

Responsibilities and Functions
DoDD 6025.21E assigns key DoD components specific
responsibilities to coordinate and manage the medical
research efforts and DoD programs related to the
prevention, mitigation, and treatment of blast injuries.
For a more detailed description, please see Appendix C:
DoDD 6025.21E.

DoDD 6025.21E designates the Secretary of the
Army (SECARMY) as the DoD EA. SECARMY delegated
authority and assigned responsibility to execute EA
responsibilities directly to the Surgeon General of
the U.S. Army. The Surgeon General of the U.S. Army
delegated this authority to the Commander, U.S. Army
Medical Research and Materiel Command (USAMRMC)
which is now the U.S. Army Medical Research and
Development Command (USAMRDC).

•

The DoD Blast Injury Research Coordinating Office
(BIRCO), established in 2007, supports the EA by
coordinating relevant DoD blast injury research
efforts and programs. Its role includes facilitating
collaboration, identifying blast injury knowledge gaps,

DoD
Components

NATO
Allies

The USD(R&E) establishes procedures to ensure
new technology developed under the DoDD is
effectively transitioned, integrated into systems,
and transferred to DoD components; chairs the
Armed Services Biomedical Research, Evaluation
and Management (ASBREM) Community of Interest
(COI); oversees the functions of the DoD EA; and
serves as the final approving authority for DoD blast
injury research programs.

USD(R&E)
Program
Oversight

ASD(HA)

Industry
US/
International

BIRCO

MATERIEL
DEVELOPMENT

OPERATIONAL

OSD,
TSWG, DARPA,
JNLWD

JIDA
CDR, USAMRDC (EA)
SECARMY
Public Law
TEST &
EVALUATION

USU

USSOCOM

MEDICAL

Other Federal
Agencies

Centers of
Excellence

Academia
U.S./
International

FIGURE 1-2: Breadth of BIRCO’s Coordinating Responsibilities
Joint Improvised-Threat Defeat Agency (JIDA); Joint Non-Lethal Weapons Directorate (JNLWD); Technical Support Working Group
(TSWG); North Atlantic Treaty Organization (NATO); Uniformed Services University of the Health Sciences (USU); United States Special
Operations Command (USSOCOM); Defense Advanced Research Projects Agency (DARPA)
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•

•

•

The Assistant Secretary of Defense for Health
Affairs (ASD(HA)) assists in requirements
development; assesses and coordinates relevant
research efforts to resolve capability gaps;
approves Military Health System (MHS) blast
injury prevention, mitigation, and treatment
standards; appoints representatives to DoD
EA coordination boards and committees; and
ensures the information systems’ capabilities of
the MHS support the EA.
The SECARMY was designated as the DoD EA
for Medical Research for Prevention, Mitigation,
and Treatment of Blast Injuries. In 2017, the
Surgeon General of the U.S. Army designated this
authority to the Commander, USAMRMC which is
now USAMRDC.
The Commander, USAMRDC, as the delegated
EA, coordinates and manages DoD blast injury
research efforts and programs by:
a. Maintaining a DoD technology base for
medical research related to blast injuries
b. Performing programming and budgeting
actions for all blast injury research based on
analysis and prioritization of DoD component
needs
c. Providing medical recommendations on
MHS blast injury prevention, mitigation, and
treatment standards
d. Executing the approved DoD Blast Injury
Research Program
e. Ensuring that blast injury research
information is shared

•

The Secretary of the Navy and the Secretary
of the Air Force assist in requirements
development and coordinate all blast injury
research efforts and requirements through the
EA.

•

The President of the Uniformed Services
University of the Health Sciences (USU)
ensures education relating to blast injury
prevention, mitigation, and treatment is included
in the USU medical education curriculum and

programs. The USU President coordinates all
blast injury research efforts and requirements
through the EA and appoints representatives to
any coordination boards or committees related
to blast injury research.
•

The Chairman of the Joint Chiefs of Staff
coordinates all blast injury efforts and
requirements through the EA, appoints a senior
member to the ASBREM COI, and appoints
representatives to any other coordination boards
or committees related to blast injury research.

•

The Commander, U.S. Special Operations
Command (USSOCOM) establishes procedures
for the coordination of Defense Major Force
Program II activities with those of the EA,
forwards the Command’s approved blast injury
research requirements to the DoD EA, and
appoints representatives to the ASBREM COI and
any other coordination boards or committees
related to blast injury research.

•

The Joint Improvised-Threat Defeat
Agency (JIDA) supported the development,
maintenance, and use of a joint database on
the efficacy of in-theater personal protective
equipment (PPE) and vehicular equipment
designed to protect against blast injury by
helping to establish the Joint Trauma Analysis
and Prevention of Injuries in Combat (JTAPIC)
Program of USAMRDC. The JTAPIC Program
fulfills the intent of a “joint database” by
providing a process that enables data sharing
and analysis across communities. Continuing
responsibilities include identifying related
operational and research needs, coordinating
research efforts to resolve capability gaps, and
appointing representatives to the ASBREM COI
and any other coordination boards or committees
related to blast injury research.
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TABLE 1-1: Taxonomy of Injuries from Explosive Devices

DoD Framework for
Characterizing Blast Injuries

Injury Type

Description

Primary Blast Injuries:
• Blast lung
• Ear drum rupture
and middle ear
damage
• Abdominal
hemorrhage
and perforation
• Eye rupture
• Non-impact
induced mild TBI

Primary blast injuries result
from the high pressures
created by a blast.
These high pressures,
known as blast
overpressure,
can crush the body and cause
internal injuries. Primary blast injuries
are the only injury classification that is
unique to blast.

Secondary Blast
Injuries:
• Penetrating ballistic
(fragmentation or
blunt injuries)
• Eye penetration
• Mild to severe
brain injury

Secondary blast injuries
result when strong blast
winds behind the
pressure front propel
fragments and debris
against the body and
cause blunt force
and penetrating injuries.

Tertiary Blast Injuries:
• Fracture and
traumatic
amputation
• Closed and open
brain injury
• Blunt injuries
• Crush injuries

Tertiary blast injuries result
from strong winds and
pressure gradients that
can accelerate the body
and cause the same types
of blunt force injuries that
would occur in a car crash, fall,
or building collapse.

Quaternary Blast
Injuries:
• Burns
• Injury or
incapacitation
from inhaled toxic
fire gases

Quaternary blast injuries
are the result of other
explosive products
(such as heat and
light) and exposure to toxic
substances from fuels,
metals, and gases that can cause
burns, blindness, and inhalation
injuries.

Quinary Blast Injuries:
• Illnesses, injuries, or
diseases caused by
chemical, biological,
or radioactive
substances

Quinary blast injuries
refer to the clinical
consequences of postdetonation environmental
contaminants, including
chemical, biological,
and radioactive substances
(e.g., dirty bombs).
from DoDD 6025.21E

14

CH A P T E R 1: IN T RODUC T ION

The EA plays a key role in coordinating
research and development for the entire
spectrum of blast injury that can result
from exposure to explosive weapons.
The DoD adopted the Taxonomy of
Injuries from Explosive Devices, as
defined in DoDD 6025.21E, to provide
a common framework for characterizing
the full spectrum of blast injuries.
This Taxonomy assigns blast injuries
to five categories—Primary, Secondary,
Tertiary, Quaternary, and Quinary (Table
1-1). Blast injuries referred to in this
report may include any injury, or multiple
injuries, from these five categories.

Blast Injury Research
Program Areas
Blast injury research works to close
knowledge gaps in the prevention,
mitigation, and treatment of blast
injuries. To address the gaps and
capability requirements for the full
spectrum of blast injuries, current
research efforts must actively pursue
new tools and understanding in each of
three research areas: Injury Prevention,
Acute Treatment, and Reset (Figure 1-3).

Injury Prevention
Injury prevention mitigates and reduces
the risk of sustaining blast injuries.
This research program area provides
medically based design guidelines and
performance standards for individual
and combat platform occupant
protection systems; comprehensive
injury surveillance systems that link
injury, operational, and protection
system performance data; tools to
identify individual susceptibility to injury;
and individual training to prevent or
mitigate injuries.

INJURY PREVENTION

ACUTE TREATMENT

• Developing drugs to
prevent and treat
blast-related hearing
loss

• Developing diagnostics,
treatments, and
neuroprotectant drugs
for TBI

• Analyzing combat
injuries and PPE
performance

• Developing hemorrhage
control and blood
products

• Developing multi-effect
blast injury models and
evaluation tools to
improve protective
equipment

• Developing treatments
for psychological trauma

• Developing strategies
that enhance
psychological resilience
and prevent PTSD and
other psychological
health problems

• Developing medical
procedures for burns,
facial, hearing, visual,
and extremity trauma

RESET

RESET
• Advancing tissue
engineering and
prosthetics
• Improving recovery of
function through
virtual reality
technologies and
customized
rehabilitative
programs
• Developing return to
duty standards

• Devising innovative
strategies for improved
pain management and
wound infection
mitigation

FIGURE 1-3: Blast Injury Research Program Areas
Photo credits: Column 1—U.S. Marine Corps, U.S. Naval Research Laboratory, U.S. Army; Column 2—U.S. Army Medical Command,
U.S. Army Medical Research and Development Command, U.S. Army; Column 3—U.S. Air Force, Defense Advanced Research Projects
Agency, U.S. Army.

Acute Treatment
Research and development in the area of acute
treatment is intended to improve survivability and
mitigate long-term disability for Service members
suffering from the full spectrum of injuries following
blast events. Acute treatment research program
area explores development and implementation of
new blast injury management strategies, to include
diagnostic tools, interventions, and clinical guidelines
to save lives and improve outcomes following
hemorrhage, TBI, burn, extremity, and sensory
systems, as well as complex polytrauma injury
patterns involving blast. This research program
area will lead to a greater understanding of the
capabilities and limitations of current technologies,
as well as new tools and validated methods for blast
injury mitigation in the prehospital setting.

Reset
Research and development in the area of reset aims
to mitigate disability by providing a biomedicallybased performance assessment capability for
return to duty and redeployment following injury;
rebuilding full performance capabilities in redeployed
individuals; and restoring function and ability to

seriously injured Service members with prosthetic
devices. The term “reset” acknowledges a concept
that extends beyond rehabilitation to include
all activities necessary to return injured Service
members to duty or to productive civilian lives.

Coordination of Blast Injury
Research and Development Activities
Numerous DoD organizations include blast injury
research in their mission scope, but no single
organization covers the entirety of the field.
Therefore, promoting and maintaining effective
coordination among these groups is essential to
achieving gains in injury prevention, acute treatment,
and reset after injury. Congress directed DoD to
establish an EA for this purpose, and BIRCO has
been supporting the EA in this mission since 2007.
The DoD follows a requirements-driven approach
to fill knowledge gaps in blast injury research, with
the goals of preventing and treating injuries and
resetting after injury. In pursuit of these goals,
the DoD has established numerous research
management, advisory groups, and stakeholder
collaboration efforts that address aspects of blast
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injury research. Examples of these programs and
efforts are highlighted here.

technical experts, make funding recommendations
for research and manage research programs under
the DHA R&D Directorate in diverse military medical
program areas, including those that directly address
blast injuries (see Table 1-2).

DoD Component Services and Agency
Research Programs
Each of the Services and the Defense Advanced
Research Projects Agency (DARPA) have blast
injury research programs primarily funded through
the President’s Budget. These programs sponsor
research internally, within DoD laboratories and
clinical centers, and externally through academic
and industry partnerships. DoD blast injury research
focus areas include injury surveillance, combat
casualty care, military operational medicine, and
clinical and rehabilitative medicine.

These collaborative research programs rely on
expertise and capabilities from across the Services,
U.S. Department of Veterans Affairs (VA), U.S.
Department of Health and Human Services (HHS),
academic centers, industry partners, and other
scientific and technical communities.

The current emphasis of the DHA R&D Directorate
is the Secretary of Defense stated priorities: posttraumatic stress disorder (PTSD), traumatic brain
injury, prosthetic devices, restoration of eyesight and
advancing eye care, and other conditions relevant
to battlefield injuries and ailments that affect both
Service members and their Families. These priorities
stem from the Precision Medicine Initiative; the
National Research Action Plan (NRAP) for Improving
Access to Mental Health Services for Veterans,
Service Members, and Military Families; the National
Strategy for Combating Antibiotic Resistant Bacteria;

Defense Health Agency Research
and Development Directorate
Established in FY14 by the Office of ASD(HA), the
Defense Health Agency Research and Development
(DHA R&D) Directorate oversees medical research,
development, test, and evaluation (RDT&E) programs
related to the health care needs of Service members.
The DHA R&D Directorate manages the RDT&E
funds of the Defense Health Program. Joint Program
Committees (JPC), which consist of DoD and non-DoD
TABLE 1-2: Joint Program Committees
JPC

DHA R&D Directorate Program Areas

JPC-1

Medical Simulation and Information
Sciences

• Medical Simulation
• Health Information Technology and Informatics

JPC-2

Military Infectious Diseases

• Wound Infections (Prevention, Management,
and Treatment)
• Pathogen Detection

JPC-5

Military Operational Medicine

• Psychological Health and Resilience
• Hearing Loss
• Injury Prevention

JPC-6

Combat Casualty Care

•
•
•
•

JPC-7

Radiation Health Effects

• Diagnostic Biodosimetry
• Countermeasures (Protection and Treatment)

Clinical and Rehabilitative Medicine

•
•
•
•

JPC-8
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Examples of Research Focus Areas

Damage Control Resuscitation
Mild, Moderate, Severe, and Penetrating TBI
Burn Injury
En Route Care

Neuromusculoskeletal Injury
Acute and Chronic Pain Management
Regenerative Medicine
Sensory Systems

FIGURE 1-4: White House Initiatives Related to Blast Injuries

Precision Medicine Initiative
(White House)

The National Research Action Plan for Improving Access
to Mental Health Services for Veterans,
Service Members, and Military Families
(U.S. DoD, VA, HHS, and U.S. Department of Education)

and international scientific partnerships that
facilitate global health engagement (Figure 1-4).
BIRCO works with Military Operational Medicine
Research Program (MOMRP; JPC-5), Combat
Casualty Care Research Program (CCCRP; JPC-6),
and Clinical and Rehabilitative Medicine Research
Program (CRMRP; JPC-8) to support research that
falls within these priorities.

Congressionally Directed Medical
Research Programs
The Congressionally Directed Medical Research
Programs (CDMRP) is a global funding organization
managing programs in cancer research, military
medical research, and other disease- and injuryspecific research areas. CDMRP represents a
unique partnership among Congress, the military,
and the American public that uses congressionally
directed dollars and core dollars (presidential
budget appropriation) to fund groundbreaking,
high-impact research awards. CDMRP works
collaboratively with the DHA R&D Directorate,
USAMRDC, and other members of the federal
and non-federal medical research community to
direct its investment in meritorious research that

National Strategy for Combating
Antibiotic-Resistant Bacteria
(White House)

targets critical gaps, including several in areas
highly relevant to blast injury research. Appendix
D: Supplemental Tables lists the CDMRP research
programs supporting blast injury research.

Centers of Excellence
In response to congressional requirements within
the FY08 NDAA, the DoD established several
clinical Centers of Excellence (CoEs). These centers
seek to improve clinical care capabilities using
new and updated clinical practice guidelines and
policy recommendations, to understand injury and
outcome trends, and to inform research sponsors
about the needs and requirements of the clinical
communities. As a part of their mission, a number
of CoEs address blast injury research including
Defense and Veterans Center for Integrative
Pain Management, DoD/VA Extremity Trauma &
Amputation Center of Excellence, National Intrepid
Center of Excellence (NICoE), and those under
DHA-J9: Defense and Veterans Brain Injury Center,
Hearing Center of Excellence, Psychological Health
Center of Excellence, and DoD/VA Vision Center of
Excellence.
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Research Forums, Consortia, and
Programs Supporting Blast Injury
Research
Numerous ongoing collaborative efforts in the
DoD (e.g., working groups, consortia, research
programs) are also investigating blast injuries and
associated health outcomes. These efforts include
the development of new blast injury protective or
preventive measures, the development of new
treatments for blast injury, and improvements in
post-traumatic rehabilitation. For example, the
Chronic Effects of Neurotrauma Consortium (CENC)
targets mild TBI (mTBI), including blast-related
mTBI, to address knowledge gaps in the basic and
clinical research to understand the effects of mTBI
on late-life outcomes and neurodegeneration,
identify Service members most susceptible to these
effects, and identify potentially effective treatment
strategies. The CENC efforts are continued under
the Long-Term Impact of Military-Relevant Brain
Injury Consortium (LIMBIC-CENC). Table 1-3 contains
additional examples of collaborative research efforts.

•

Chapter 4 focuses on how BIRCO is advancing
the MHS Blast Injury Prevention Standards
Recommendations Process.

•

Chapter 5 provides a detailed look at the Army
Health Hazard Assessment Program, including
guidelines for conducting health hazard
assessments of Service member exposure
to blast overpressure from weapon systems,
munitions, and other materiel systems. This
chapter was contributed by the U.S. Army Public
Health Center.

•

Chapter 6 presents an overview of NICoE
and their mission of improving the lives of
patients and families impacted by TBI through
clinical, education, informatics, and research
efforts. This chapter was contributed by NICoE.
BIRCO’s intent is to highlight one or many DoD
organizations in the blast injury research space
in each annual report. Previous reports to the
EA have highlighted organizations including:
Hearing Center of Excellence, Combat Casualty
Care Research Program, DoD/VA Extremity
Trauma & Amputation Center of Excellence,
DoD/VA Vision Center of Excellence, Defense
and Veterans Brain Injury Center, U.S. Army
Combat Capabilities Development Command
(formerly U.S. Army Research, Development, and
Engineering Command), and Infectious Disease
Clinical Research Program.

•

Chapter 7 presents the latest accomplishments
in blast injury RDT&E supported by the DoD.
These accomplishments include scientific
advancements, improvements in standards
of care, and the development of products to
prevent, diagnose, and treat blast injuries.

•

Chapter 8 is a discussion of the way forward
for the Blast Injury Research Program
in coordinating and supporting future
advancements in blast injury research.

Preview of this Report
The following chapters highlight efforts by BIRCO
and others to advance the DoD’s ability to prevent,
mitigate, and treat blast injury:
•

•
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Chapter 2 describes BIRCO’s activities within
the five key EA Mission Thrust Areas: facilitating
collaboration, identifying blast injury knowledge
gaps, disseminating blast injury research
information, shaping research programs to
address knowledge gaps, and promoting
information sharing and partnerships.
Chapter 3 describes some of BIRCO’s
international collaborative efforts, including
leadership of the NATO Human Factors and
Medicine (HFM)-RTG 270, the successful
completion of the NATO HFM-234 (RTG), and
co-chairmanship of the U.S.-India Project
Agreement on Experimental and Computational
Studies of Blast and Blunt TBI.
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TABLE 1-3: Examples of DoD Research Forums, Consortia, and Programs Supporting Blast Injury Research
DoD Entity

Blast-Related Efforts

Armed Forces Institute of
Regenerative Medicine

The multi-disciplinary Armed Forces Institute of Regenerative Medicine (AFIRM) collaborates across
numerous agencies to accelerate the development of diagnostic products and therapies for severely
wounded Service members in need of reconstructive treatments. AFIRM represents 60 projects spread
across 33 academic, corporate, and tri-Service research institutions.

Auditory Fitness For Duty
Working Group

One of the priorities of the Auditory Fitness For Duty Working Group (AFFD WG) is to assess
occupations and identify hearing-critical tasks within the military. A hearing-critical task is defined as a
task in which the detection of sound, understanding of speech, and/or localization of sound are essential
for successful accomplishment of action.
The AFFD WG also supports DoD Hearing Center of Excellence (HCE)’s mission to heighten readiness
and continuously improve the health and quality of life of Service members and Veterans through
advocacy and leadership in the development of initiatives focused on the prevention, diagnosis,
mitigation, treatment, rehabilitation, and research of hearing loss and auditory-vestibular injury.

Bridging Advanced
Developments for
Exceptional Rehabilitation
Consortium

The Bridging Advanced Developments for Exceptional Rehabilitation Consortium works with military
treatment facilities, VA centers, academia, and industry leaders to target orthopedic care after blast
injury. Special areas of interest include improving amputee gait, prescription of prosthetics, and quality
of life issues following extremity injury.

Center for Neuroscience
and Regenerative
Medicine

Center for Neuroscience and Regenerative Medicine (CNRM) was established by Congressional action
(Public Law 110-252) as an intramural federal TBI research program focused on the study of blast injury
to the brain and post-traumatic stress in Warfighters. Today, the CNRM involves over 100 federal
intramural investigators in the National Capital Area from within the DoD and the National Institutes of
Health (NIH). The CNRM truly acts as a research “center” which integrates the expertise of clinicians
and scientists across numerous disciplines to catalyze innovative approaches to TBI research. The
CNRM funds and supports the conduct of investigator-initiated studies that are consistent with its
mission to conduct great science that improves outcomes for Service members with TBI (usuhs.edu/
cnrm and cnrmstudies.org). USU is responsible for the overall operational and fiscal management of the
CNRM, on behalf of the DoD.

Chronic Effects of
Neurotrauma Consortium

The Chronic Effects of Neurotrauma Consortium (CENC) is a dedicated joint DoD and VA effort
addressing the long-term consequences of mTBI in Service members and Veterans. It is conducted
in response to the Presidential Executive Order 13625 and aligned to NRAP for Improving Access to
Mental Health Services for Veterans, Service members, and Families. The CENC Coordinating Center
is located at Virginia Commonwealth University and executes 10 studies and five integrated research
cores across 30 participating institutions (https://www.limbic-cenc.org/). The majority of studies
are focused on human subjects recruited from Veterans, active-duty Service members, Reserve, and
National Guard populations. CENC studies examine chronic TBI and comorbidities associated with
mTBI including psychological, neurological, sensory deficits (visual, auditory, vestibular), movement
disorders, pain (including headache), and cognitive and neuroendocrine deficits.

Collaborative Auditory
Vestibular Research
Network

The Collaborative Auditory Vestibular Research Network (CAVRN) is composed of strategically aligned
research laboratories, medical treatment facilities, nonprofit and foundation counterparts, industry and
academic partners, international bodies, and other government CoEs. CAVRN holds annual meetings
to collaborate on areas of hearing and balance issues that Service members and Veterans face as a
result of their military service. This growing research network works to advance the community’s
understanding, spur innovation, encourage interdisciplinary collaboration, and overcome system
barriers that may otherwise challenge research.
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DoD Entity

Blast-Related Efforts

The Consortium to
Alleviate PTSD

The Consortium to Alleviate PTSD (CAP) is a joint VA and DoD effort to understand and treat PTSD
and related conditions in active-duty Service members and Veterans. The primary CAP objectives are
to focus on the advancement of treatment strategies for PTSD and to identify and confirm clinically
relevant biomarkers as diagnostic and prognostic indicators of PTSD and comorbid disorders. The CAP
has completed several of the largest clinical trials of PTSD in DoD history.

Defense and Veterans
Brain Injury Center

The Defense and Veterans Brain Injury Center (DVBIC) is the TBI center of excellence for the Defense
Health Agency. DVBIC promotes state-of-the-science care from point-of-injury to reintegration for
Service members, Veterans, and their Families to prevent and mitigate consequences of mild to severe
TBI. At 22 sites supported by a Washington, D.C.-area headquarters, DVBIC treats, supports, trains, and
monitors Service members, Veterans, Family members, and providers who have been, or care for those
who are, affected by TBI.

Federal Interagency
Traumatic Brain Injury
Research Informatics
System

The Federal Interagency Traumatic Brain Injury Research (FITBIR) Informatics System was initiated as
a collaborative effort supported by the DoD CCCRP and the National Institute of Neurological Disorders
and Stroke (NINDS) at the NIH as a secure, centralized informatics system developed to accelerate
research in support of improved diagnosis and treatment for Service members and civilians who have
sustained a TBI. Under the NRAP, de-identified data from DoD- and NIH-funded clinical TBI studies
are required to be uploaded into FITBIR. Benefits include accelerating the testing of new hypotheses,
allowing multi-study data aggregation to increase the statistical power, providing existing comparator
data, and identifying patterns not easily extracted from a single study.

Interagency Explosives
Terrorism Risk
Assessment Working
Group

The Interagency Explosives Terrorism Risk Assessment Working Group was created by the Department
of Homeland Security to review progress on the Homeland Explosives Consequence and Threat
(HExCAT). The HExCAT is an end-to-end risk assessment tool that includes information from the
intelligence community and law enforcement to characterize threat, vulnerability, and interdiction;
consequence modeling to calculate the possible range of lethal and sub-lethal injuries; the medical
response to an event; and the impact of various security and mitigation strategies.

Linking Investigations in
Trauma and Emergency
Services

Linking Investigations in Trauma and Emergency Services (LITES) is a clinical research network
established by the USAMRDC Combat Casualty Care Research Program in 2016 to sustain and
continue the hard-earned advances in military trauma research from the 15+ years of conflict in
Iraq and Afghanistan. LITES leverages civilian trauma systems and medical centers to answer
trauma and treatment questions to facilitate the narrowing high priority gaps in the care of severely
injured patients. LITES is not a singular research study. Through the task order generation process,
independent research studies or analyses can be performed. Each LITES task order is unique, and sites
are selected for participation based on the objectives of the specific task order and the site’s readiness
to participate. Additional information about the current network participants and active task orders can
be found at: www.litesnetwork.org.

Long-Term Impact of
Military-Relevant Brain
Injury Consortium

The Long-Term Impact of Military-Relevant Brain Injury Consortium-CENC (LIMBIC-CENC) is a joint
DoD and VA funding effort addressing the long-term consequences of mTBI in Service members and
Veterans. It continues and expands on the efforts of the original CENC and aligns to initiatives under
the NRAP for Improving Access to Mental Health Services for Veterans, Service members, and Families.
The LIMBIC-CENC Coordinating Center is located at Virginia Commonwealth University and executes
six studies and three integrated research cores across academic, VA, and DoD research sites. LIMBICCENC studies include data and participants with blast exposure history.
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DoD Entity

Blast-Related Efforts

Major Extremity Trauma
and Rehabilitation
Consortium

The Major Extremity Trauma and Rehabilitation Consortium (METRC) consists of a network of clinical
centers and one coordinating center that work together with the DoD and other sponsoring agencies
to conduct multicenter clinical research studies relevant to the treatment and outcomes of traumatic
orthopedic injuries. The overall goal of METRC is to produce the evidence needed to establish
treatment guidelines for the optimal care of the wounded warrior and ultimately to improve the clinical,
functional, and quality of life outcomes of both Service members and civilians who sustain high-energy
trauma to the extremities.

The National Collegiate
Athletic Association
- DoD Grand Alliance:
Concussion Assessment,
Research, and Education
Consortium

The National Collegiate Athletic Association (NCAA)-DoD Grand Alliance: Concussion Assessment,
Research, and Education (CARE) Consortium is a joint DoD and NCAA research effort dedicated to
studying concussion to better understand the development of injury and trajectory of recovery utilizing
a multisite, longitudinal investigation of concussive and repetitive head impacts. Their clinical study
also allows for more advanced research projects, such as testing impact sensor technologies, studying
potential biomarkers, and evaluating concussion with advanced neuroimaging. In their first award,
focused on the acute effects of concussion, the CARE Consortium enrolled over 37,000 student athletes
and Service academy Cadets and Midshipmen at 30 sites. In their second award, focused on the
cumulative and persistent intermediate effects of concussion, the Consortium has brought enrollment
to over 50,000 participants. The CARE Consortium will allow scientists to develop evidence-based
approaches to understanding the risks, management, and possible treatment strategies for concussion.

Pharmaceutical
Intervention for Hearing
Loss Working Group

The HCE organized the Pharmaceutical Intervention for Hearing Loss Working Group to develop
strategies for standardized analysis of potential systemic and local therapies for hearing loss prevention
and rescue.

South Texas Research
Organizational Network
Guiding Studies on Trauma
and Resilience

South Texas Research Organizational Network Guiding Studies on Trauma and Resilience (STRONG
STAR) is a DoD-funded, multidisciplinary, and multi-institutional research consortium that develops and
evaluates interventions for the detection, prevention, diagnosis, and treatment of combat-related PTSD
and related conditions in active-duty Service members and recently discharged Veterans. There are
currently 18 ongoing studies supported by STRONG STAR established infrastructure.

TBI Endpoints
Development Initiative

The TBI Endpoints Development (TED) Initiative is a collaborative, multidisciplinary team which seeks
to advance and validate endpoints that can be used as U.S. Food and Drug Administration (FDA)qualified outcomes, such as Clinical Outcome Assessments (COAs) and blood-based and neuroimaging
biomarkers in support of TBI clinical trials. The TED Initiative leverages DoD-, NIH-, and foundationfunded research networks, infrastructure, and datasets in collaborations with the FDA towards
qualification of TBI-specific biomarkers and tools. The efforts under the TED Initiative will lead to
advancements in clinical trial design for TBI therapeutics and diagnostics.

U.S.-India Project
Agreement on Experimental
and Computational Studies
of Blast and Blunt Trauma
Injury

This collaborative effort seeks to develop and to validate a blast injury animal model for mTBI using
imaging techniques and histological procedures, as well as assessing changes in behavior and
cognition; to develop, validate, and cross-validate a computational model for blast and blunt injury; to
develop anatomically accurate head/brain models for blast/brain injuries from clinical and experimental
data; and to compare the blast and blunt data to develop a scaling ratio. For more information, see
Chapter 3 of this report.
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T

he DoD Blast Injury Research Coordinating
Office (BIRCO) supports the DoD Executive
Agent (EA) by coordinating blast injury
research inside and outside of the DoD,
nationally and internationally, to support the delivery
of timely and effective blast injury prevention,
mitigation, and treatment solutions for Service
members. BIRCO’s activities help to identify
and address knowledge gaps, to disseminate
information, and to minimize duplication of effort.
BIRCO promotes collaboration among researchers
across the DoD, other federal agencies, academia,
industry, and international partners to solve complex
challenges related to blast injury. Taking full
advantage of the body of knowledge and expertise
that resides both within and beyond the DoD, BIRCO
advances blast injury research to protect and to heal
those who serve.
Coordination is a necessary function of DoD blast
injury research because of the immensely complex
and protean nature of blast injury. Across the
DoD, dedicated researchers with deep domain
expertise pursue technologically advanced and
highly specialized solutions to individual challenges,
advancing, for example, tactical measures for rapid
medical evacuation, treatment guidance for infection
control among blast victims, diagnostic tools for
brain function, or therapeutics for severe burns.
Coordination enables the DoD to place these efforts
within the broad landscape of blast injury research,
thus empowering leaders to direct additional
resources to mission-critical efforts and to identify
trade-offs amongst them. Coordination also enables
researchers to share insights and experiences across
disparate lines of effort and to identify complex
dependencies. BIRCO’s activities are chosen to
encourage and to support these synergies.

Overview of BIRCO Activities in
Support of EA Mission Thrust Areas
In response to DoDD 6025.21E, the Commander,
U.S. Army Medical Command (MEDCOM), established
BIRCO to assist in fulfilling EA responsibilities and

MISSION
To assist in fulfilling the DoD
Executive Agency responsibilities
and functions related to medical
research for the prevention, mitigation,
and treatment of blast injuries in accordance
with DoDD 6025.21E by:
•

Coordinating and managing relevant DoD
medical research efforts and programs

•

Identifying blast injury knowledge gaps

•

Shaping medical research programs to fill
identified gaps

•

Facilitating collaboration among diverse
communities within and outside of the
DoD

•

Widely disseminating blast injury research
information

VISION
To establish and maintain a fully coordinated
DoD Blast Injury Research Program as
envisioned by Congress and directed by the
Secretary of Defense, that delivers timely and
effective blast injury prevention, mitigation, and
treatment strategies to our Service members
today and in the future.

Advancing Blast Injury Research to
Protect and Heal Those Who Serve

functions to coordinate DoD blast injury research
efforts and programs. BIRCO executes its mission by
supporting five key EA Mission Thrust Areas (Figure
2-1). The following section contains examples of
BIRCO activities supporting the EA Mission Thrust
Areas.

Facilitate Collaboration Within
and Outside of the DoD
BIRCO promotes collaboration on blast injury
research topics by actively engaging stakeholders
within the DoD and across federal agencies,
academia, and industry, and with international
partners.
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FIGURE 2-1: BIRCO Support of EA Mission Thrust Areas

Promoting
Information
Sharing and
Partnerships
Shaping
Research
Programs to
Fill Knowledge
Gaps

BIRCO

Disseminating
Blast Injury
Research
Information

Facilitating
Collaboration
Both Within
and Outside
the DoD

Identifying
Blast Injury
Knowledge
Gaps

Notable international collaborations include:
The BIRCO Director chairs the ongoing work toward
NATO Human Factors and Medicine (HFM)-270
Research Task Group (RTG), “Framework
for Modeling and Simulation of Human
Lethality, Injury, and Impairment from Blastrelated Threats.” In FY19, the RTG developed a
framework for computational models that provides
threat-to-outcome modeling and simulation of the
effects of blast on the human body in all blast
threat environments. They also identified and
integrated existing models into the framework,
identified gaps where no suitable models exist,
developed a repository of information on existing
models and modeling capabilities, and developed
a comprehensive dictionary of modeling and
simulation terms to facilitate multi-community
collaboration.
The BIRCO Director also chaired the successfully
completed NATO HFM-234 (RTG) “Environmental
Toxicology of Blast Exposures: Injury Metrics,
Modeling, Methods, and Standards.” The
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comprehensive technical report for this effort
was published in FY19: the first ever international
guidelines for conducting blast injury research. The
report provides a dictionary of blast injury terms
and detailed recommendations for using valid and
standardized methodologies across blast injury
research studies to facilitate efficient translation of
research findings into fielded solutions.
BIRCO leads the U.S.-India Project Agreement
on Experimental and Computational Studies
of Blast and Blunt Traumatic Brain Injury (TBI)
under the Defense Trade and Technology Initiative
(DTTI), an international partnership organized by
the Under Secretary of Defense for Acquisition,
Technology, and Logistics (USD(AT&L)) and the
Indian Ministry of Defence, Defence Research and
Development Organization (DRDO). Through this
partnership, BIRCO encourages collaboration on
experimental and computational studies of blast
and blunt TBI.
BIRCO hosted the first International Forum on
Blast Injury Countermeasures (IFBIC) in FY19
after BIRCO and the National Defense Medical
College of the Japan Self-Defense Forces agreed
to open their ongoing information exchange forum
to other nations. At IFBIC 2019, participants
shared information about ongoing research efforts,
identified knowledge gaps, and facilitated research
collaboration to improve prevention, diagnosis,
and treatment of blast injuries. Presentations
addressed many blast injury research topics
including TBI, underbody blast, wound infections,
auditory injury, computational modeling, and blast
exposure monitoring. IFBIC supports the EA’s
responsibility to leverage the expertise of U.S.
allies to accelerate the development and fielding of
blast injury prevention and treatment strategies for
Service members.
See Chapter 3 for additional information on
BIRCO’s international collaborations.

Notable interactions with U.S. partners
include:
BIRCO established the DoD Working Group
(WG) on Computational Modeling of Human
Lethality, Injury, and Impairment from Blastrelated Threats in 2017. The purpose of the
WG is to shape, focus, and coordinate the DoD’s
computational modeling efforts, to enable a
new capability for modeling and simulation of
human lethality, injury, and impairment from
the entire spectrum of blast-related threats and
environments, from initial point of interaction
with the blast hazard to return to duty. More
information on this WG is provided in the
Featured FY19 BIRCO Initiatives section of this
chapter.
National Defense Authorization Act (NDAA) for
Fiscal Year (FY) 2018 (Public Law 115–91)
Section (Sec. 734) requires that the Secretary of
Defense conduct a longitudinal medical study on
blast exposure of members of the Armed Forces
during combat and training. The Office of the
Assistant Secretary of Defense for Health Affairs
(OASD(HA)) is responsible for executing this
four-year study.
Starting in FY18 and continuing into FY19, the
Co-Chairs of the effort, Ms. Elizabeth Fudge,
Executive Officer of the Deputy Assistant
Secretary of Defense for Health Readiness
Policy and Oversight (DASD(HRP&O)), and Dr.
Sean Biggerstaff, Director of the Defense Health
Agency (DHA) Research and Development (J9)
Directorate, stood up a leadership group to
support execution of this effort.
On behalf of the DoD Executive Agent (EA)
for blast injury research, BIRCO participated
in this leadership group, contributing to the
development of the FY18 NDAA Sec. 734
Longitudinal Medical Study on Blast Pressure
Exposure of Members of the Armed Forces
Workgroup. Throughout FY19, BIRCO was

responsible for coordinating the Sec. 734
Workgroup meetings, which were hosted by
the Co-Chairs. Participants in these Sec. 734
Workgroup meetings routinely included over 50
representatives from DoD and other government
organizations.
During the course of these meetings, the Sec.
734 Workgroup was briefed about ongoing
efforts that could support the longitudinal study,
including studies on the effects of low-level
blast exposure on humans, computational
modeling efforts and resources, methods for
measurement of blast environment, Defense
Occupational and Environmental Health
Readiness System used for the DoD Hearing
Conservation Program (DOEHRS-HC), and
Individual Longitudinal Exposure Records (ILER).
Sec. 734 Workgroup major accomplishments in
FY19 included soliciting information on current
activities and science through subject matter
expert briefings at meetings and posting an
RFI, developing a Sec. 734 Workgroup Charter,
delivering an interim report containing the study
methods and action plan to Congress, and
establishing a Program Structure to support
execution.
The Program Structure was developed to
provide oversight, guidance, and coordination
and to promote the translation of findings to
the Services. Within this framework, five Lines
of Inquiry (LOI) were established to support the
Elements of Sec. 734: surveillance to monitor
Service member blast exposures, review of
existing weapon system safety precautions and
Service member health hazard assessments,
consideration of environmental factors for blast
pressure exposure, review of methods and
technologies to characterize blast pressure
exposure, and leverage of human subjects
research for targeted examination of health and
performance effects.
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A Memorandum to the Services identified
weapon systems of interest for the examination
of potential health and performance effects due
to blast pressure exposure, leading to the list
of Sec. 734 Tier 1 Weapon Systems for initial
investigation in the studies.
BIRCO has been designated the Office of Primary
Responsibility (OPR) for LOI 2 – Weapon Systems.
As OPR, BIRCO is required to gather, coordinate,
and analyze information on blast characteristics
of heavy munitions and to account for emerging
research on the impact of these systems to
Service member health and performance.
These efforts are a key component of the DoD’s
response to FY18 NDAA Sec. 734, detailed
further in the Featured FY19 BIRCO Initiatives
section of this chapter.
BIRCO participated in intergovernmental
meetings hosted by the Joint Non-Lethal
Weapons Directorate (JNLWD). The purpose
of these meetings was to review the JNLWD
human body modeling capabilities used to predict
and understand injury caused by blunt force
trauma, and to align related research activities
at the Office of Naval Research, the Army
Research Laboratory, and the Air Force Research
Laboratory. In addition to representatives from
the above organizations, representatives from
MITRE, the Institute for Defense Analysis, the
Johns Hopkins University Applied Physics Lab,
and L3Harris technologies also participated
in the meeting. Participants reviewed JNLWD
FY18 project outcomes and FY19 research
objectives. This collaboration was a direct
result of the involvement of these organizations,
BIRCO, and MITRE in the DoD Working Group
on Computational Modeling of Human Lethality,
Injury, and Impairment from Blast-related Threats,
which BIRCO chairs.
The BIRCO director had multiple interactions with
representatives from the Marine Corps Force
Protection Directorate, whose office’s mission
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is to provide the Commandant of the Marine
Corps with objective analysis and integrated
policy solutions and to leverage cross-functional
partnerships to inform force protection initiatives
and maximize total force readiness. Parties
discussed an upcoming study on blast-related
brain injury in Marines, the limitations of weapon
system technical manual safety standards, and
how BIRCO and the Commandant’s office could
collaborate and contribute to one another’s
missions.

Identify Blast Injury Knowledge
Gaps
A solid foundation of the current state of the
science on blast injury is essential to BIRCO’s
goals of identifying knowledge gaps, supporting
current research efforts, and determining
the appropriate direction of future work. To
advance these goals, BIRCO has participated
in and hosted meetings with stakeholders
and SMEs to review knowledge gaps, and has
taken an active role in applying the Military
Health System (MHS) Blast Injury Prevention
Standards Recommendations (BIPSR) Process to
understanding blast injury prevention standards.
BIRCO participated in the Trauma Infections
Research Program 10th Annual Investigators
Meeting hosted by the Infectious Disease
Clinical Research Program. The purpose of the
meeting was to review research and operational
updates and strategize short- and long-term
initiatives. Participants discussed how to use
the data currently available through the Trauma
Infectious Disease Outcomes Study to develop
clinical practice guidelines and other products to
address knowledge gaps on the incidence and
treatment of traumatic wound infection during
prolonged care. These discussions provide
critical information to improve treatment for
Service members who suffer from blast injuries in
future conflicts.

Photo credit: 1st Lt. Andrew H. Kim/U.S. Army

BIRCO, with support from the RAND Corporation,
hosted the Eighth International State-of-theScience (SoS) Meeting on blast-related injuries,
focused on Limb Salvage and Recovery After
Blast-Related Injury. Since the inaugural meeting
in 2009, the International SoS Meeting Series has
been a forum for uncovering knowledge gaps in
blast injury research and communicating these
gaps to the broader Military Health community.
More information on the International SoS
Meeting Series is provided in the Featured FY19
BIRCO Initiatives section of this chapter.
BIRCO continued leading the MHS BIPSR
Process, a signature effort of the office. The
BIPSR Process is the DoD’s first ever stakeholderdriven process that provides in-depth and
unbiased assessments of available candidate
blast injury prevention standards and determines
their suitability for use by the DoD in health

hazard and survivability assessments, combat
platform occupant survivability assessments,
and protection system development and
performance testing. In FY19, BIRCO, with the
assistance of the MITRE Corporation, initiated the
Auditory BIPSR Process by facilitating multiple
meetings of the Auditory Injury SME Panel. The
Panel reviewed existing datasets, identified
knowledge gaps in existing auditory blast injury
data, considered approaches for the evaluation
of candidate standards, and discussed the
development of a test and evaluation plan to
ensure the validity and biofidelity of the models.
The Auditory BIPSR Process will result in the EA
informing the OASD(HA) of a candidate auditory
blast injury prevention standard for approval and
implementation. More information on the BIPSR
Process is provided in Chapter 4.
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Disseminate Blast Injury Research
Information
Proper dissemination of blast injury research
information ensures that all stakeholders along
the Research, Development, Test, & Evaluation
(RDT&E) continuum, from laboratory to field,
are equipped with cutting-edge information.
Dissemination of this information occurs through
multiple channels, including formal reporting
mechanisms, issuing and promoting research
publications, and stakeholder community
engagement.
BIRCO prepares an annual report to the EA
covering science and technology efforts and
programs focused on the prevention, mitigation,
and treatment of blast injuries. Intended to
inform senior DoD policy-makers, researchers,
and public audiences, the annual report to the EA
highlights blast injury research accomplishments
across the DoD within the fiscal year that address
the full spectrum of blast injuries. These reports
are available on the BIRCO website (https://
blastinjuryresearch.amedd.army.mil).
In FY19, BIRCO staff authored a scientific review
of blast-induced head trauma, titled Blast-Related
Traumatic Brain Injury: Current Concepts and
Research Considerations, which was peer-reviewed
and published in the Journal of Experimental
Neuroscience. The manuscript provides an
overview and introduction to the complexities of
blast overpressure-induced head trauma, intended
for researchers new to the field. More information
on this publication is provided in the DoD Brain
Health Research Program Coordinator section of
this Chapter.
In addition to publishing research articles, BIRCO
helps the blast injury research community stay
abreast of current scientific findings through
monthly research article highlights. BIRCO staff
routinely select and summarize new publications
that add to the knowledge base for blast injury
research or novel strategies for preventing blast
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injury and enabling injured Service members to
return to duty and maintain an active lifestyle.
Topics covered in FY19 include spinal injury repair,
medical management of radioactive exposure,
primary blast injury to the eye, burn injury recovery,
aural blast injury, and combat-related extremity
trauma. Monthly research highlights are posted on
the BIRCO website.
Through the Historical Blast Bioeffects
Research Data Recovery Project, BIRCO
recovered, digitized, and has made available
online 50 years of research data on the biological
effects of blast from DoD research conducted at
Kirtland Air Force Base, New Mexico. This effort
allows program managers, researchers, and
decision-makers to use existing knowledge to
address current and future blast injury problems.
For example, researchers used recovered data to
validate current methods for predicting the risk
of lung injury and lethality from blast exposure.
This enhances confidence in the accuracy of
current protocols. Applying lessons learned to
current research and product development efforts
prevents wasteful duplication of effort and allows
the DoD to focus scarce blast injury research
resources on other critical knowledge gaps.
Web-based Blast Injury Research Information
BIRCO hosts a dynamic public-facing website as
a resource for information about DoD blast injury
research. The website, https://blastinjuryresearch.
amedd.army.mil (Figure 2-2), incorporates
current content that accurately reflects ongoing
developments and achievements of DoD blast
injury research. In FY19, BIRCO updated the
site monthly with timely and relevant DoD/
VA-sponsored blast injury research publications,
managed a calendar of blast injury-related events
of interest, announced the International SoS
Meeting and facilitated online registration, and
promoted the DoD’s Brain Injury Awareness Month
campaign with a calendar of events and links to
brain injury research partners. The website also
serves as a repository of blast-related information

FIGURE 2-2: BIRCO Website Home Page

and BIRCO-generated content, such as the
annual EA Reports and the historical International
SoS Meeting proceedings. The EA Reports and
International SoS Meeting proceedings continue
to be the most frequently downloaded PDFs from
the website.
As a web-based tool for stakeholders to discover
opportunities to collaborate or participate in
blast-related research, BIRCO gathers responses
and data submitted in response to blast-related
Requests for Information (RFIs), meant to direct
and to inform DoD initiatives. FY19 examples
of the website’s collaboration capability include:
collecting information and data from the

research community on techniques and tools
for implementing the longitudinal medical study
of Service member exposure to blast mandated
by the FY18 NDAA Sec. 734, and data gathering
on the state-of-the-science in human body
computational modeling for use in informing
the DoD WG on Computational Modeling of
Human Lethality, Injury, and Impairment from
Blast-related Threats. Also, in FY19, BIRCO
received inquiries through the website portal
from scientists interested in research information
and from blast-injured Warfighters interested in
knowing how they could further help blast injury
research.
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Additionally, the BIRCO website acts to promote,
facilitate registration for, and provide schedule
information for meetings and conferences
sponsored by BIRCO or by blast injury research
organizations to include the International SoS
Meetings and the annual Military Health System
Research Symposium (MHSRS).

Shape Research Programs to Fill
Knowledge Gaps
BIRCO helps to shape blast injury research
programs by participating in research program
planning, management, and advisory committees.
Being an active participant in the blast injury
research community ensures that key blast injury
knowledge gaps are addressed, encourages
collaborative research efforts, and identifies
potentially duplicative research.
BIRCO’s continued engagement with the
Joint Program Committees (JPC) and other
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organizations that manage research portfolios
ensures that high priority blast injury research
issues are addressed in future medical research
investments. In FY19, BIRCO brought perspectives
gained from its research collaboration function
to business meetings, In-Progress Reviews
(IPRs), Review & Analysis (R&A) meetings,
stakeholder meetings, and integrated product
team (IPT) meetings for the Military Infectious
Diseases Research Program (MIDRP, JPC-2), the
Military Operational Medicine Research Program
(MOMRP, JPC-5), the Combat Casualty Care
Research Program (CCCRP, JPC-6), the Clinical
and Rehabilitative Medicine Research Program
(CRMRP, JPC-8), the Congressionally Directed
Medical Research Programs (CDMRP), and the
U.S. Army Medical Materiel Development Activity
(USAMMDA).
These meetings provide a high-level summary of
the key areas of each program’s medical research
investment and highlight the importance of

coordination and collaboration with researchers
from other federal agencies, academia, and
industry. They also underscore the remaining
knowledge gaps, requirements, and challenges
facing each research area.
BIRCO actively shapes blast injury research
through Small Business Technology Transfer
(STTR) and Small Business Innovation Research
(SBIR) programs. In FY19, BIRCO participated
in a kick-off meeting for a DARPA-sponsored
STTR project titled “Computational Biology
Platform Technology for Cellular Reprogramming.”
Successful results from this topic area will result in
a novel treatment for blast injuries, thus enhancing
the health and performance of Warfighters and
Veterans.
Additionally, BIRCO participated in the Soldier
Protection Research Review hosted by the
Weapons and Materials Research Directorate
(WMRD) of the Combat Capabilities Development
Command-Army Research Laboratory (CCDC-ARL)
at Aberdeen Proving Ground. The purpose of
this review was to provide stakeholders with
high-level summaries of research projects
within the research portfolio of ARL-WMRD’s
Protection Division. Many of the projects included
significant efforts in computational modeling,
which continues to be a major thrust area for
BIRCO. CCDC-ARL personnel from WMRD are
active members of BIRCO’s DoD Working Group
on Computational Modeling of Human Lethality,
Injury, and Impairment from Blast-related Threats.
BIRCO’s participation in research review meetings
such as the CCDC-ARL Solider Protection Research
Review provides a platform to ensure that blastrelated research efforts address the DoD’s highest
priority blast injury challenges.
BIRCO is a member of the Soldier Ballistics and
Blast Community of Practice (CoP). Members
of the CoP provide each other with input on
research prioritization considering programmatic
changes due to budget constraints and emerging

threats. Several opportunities for collaboration
were identified through the CoP, including the
potential to participate in a Vision Integration and
Sensory Optimization Research Coordination Cell
at CCDC.

Promote Information Sharing and
Partnership
Given the complex nature of blast injury,
information sharing and partnerships are critical to
advancing blast injury RDT&E through coordinated
efforts across stakeholder communities. In
FY19, BIRCO participated in several activities to
promote information sharing and to strengthen
partnerships.
BIRCO sponsored two well-attended breakout
sessions at the 2019 MHSRS. In these sessions,
presenters updated symposium attendees on
the latest research in monitoring blast exposure
in training and ocular injuries caused by blast
overpressure. More information on BIRCO’s
MHSRS efforts is provided in the Featured FY19
BIRCO Initiatives section of this chapter.
BIRCO staff regularly participated in the monthly
DoD/VA Vision Center of Excellence (VCE)sponsored Ocular Trauma & Visual Readiness
Video Teleconference. In these meetings,
DoD and VA eye care specialists reviewed best
practices for managing eye injuries, including
those related to blast events, at all roles of care.
Attending these meetings maintained BIRCO’s
relationship with the VCE, which has produced
joint efforts such as the 2019 MHSRS session on
Ocular Blast Injury (see the Featured FY19 BIRCO
Initiatives section of this chapter).
The BIRCO Deputy Director provided an overview
of the office and an update on the DoD Working
Group on Computational Modeling of Human
Lethality, Injury, and Impairment from Blastrelated Threats to the Defense Modeling and
Simulation Coordination Office (DMSCO)
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Deputies Forum. DMSCO fosters modeling
and simulation interoperability and reuse to
improve value and mission effectiveness for the
Department’s modeling and simulation enterprise,
which comprises the Services, the Joint Staff,
and functional communities. Similarly, BIRCO
staff presented on the DoD WG on Computational
Modeling of Human Lethality, Injury, and
Impairment from Blast-related Threats to the
Homeland Explosives Consequence and Threat
(HExCAT) Working Group. As a result of this
presentation, several HExCAT attendees expressed
interest in joining the DoD Computational Modeling
Working Group.
BIRCO staff also participated in multiple DHA
J9/DoD Hearing Center of Excellence (HCE)
Collaborative Auditory & Vestibular Research
Network (CAVRN) meetings. CAVRN promotes
collaboration, translation, and best practices that
influence auditory-vestibular readiness, care,
and quality of life for Warfighters and Veterans.
In multiple briefings, CAVRN participants noted
the valuable contributions of BIRCO in promoting
collaboration and evaluation of auditory blast injury
prevention standards through the BIPSR Process.
More information on the BIPSR Process is provided
in Chapter 4.

Featured FY19 BIRCO Initiatives
In executing its EA support mission, BIRCO
has several key initiatives to promote intensive
collaboration and advance the state of blast injury
research. These initiatives include coordinating
the response to FY18 NDAA Sec. 734; facilitating
the DoD WG on Computational Modeling of Human
Lethality, Injury, and Impairment from Blast-related
Threats; organizing and hosting the International
SoS Meeting Series on Blast Injury Research;
sponsoring oral sessions at the MHSRS; chairing
NATO HFM-234 and HFM-270 RTGs; and leading
the MHS BIPSR Process. The first four of these
initiatives are detailed next. Please refer to
Chapter 3 for information on BIRCO’s international
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initiatives, including the NATO HFM efforts, and
Chapter 4 for information on the BIPSR Process.

Continuing Activities Addressing FY18
NDAA Sec. 734
FY18 NDAA Section 734 (Public Law 115-91)
requires that the Secretary of Defense conduct a
longitudinal medical study on blast exposure of
members of the Armed Forces during combat and
training. OASD(HA) is responsible for executing
this Longitudinal Medical Study on Blast Pressure
Exposure of Members of the Armed Forces.
BIRCO’s Deputy Director leads this study’s LOI 2,
Weapon Systems. In FY19, on behalf of the DoD
EA for blast injury research, BIRCO continued to
coordinate and lead key efforts to address the
requirement.

Overview
Starting in FY18 and continuing into FY19, the
Co-Chairs of the effort, Ms. Elizabeth Fudge,
Executive Officer of the Deputy Assistant
Secretary of Defense for Health Readiness Policy
and Oversight (DASD[HRP&O]), and Dr. Sean
Biggerstaff, Director of DHA J9 Directorate, stood
up a DoD leadership group to initiate and guide
early steps and to convene a working group. On
behalf of the DoD EA for blast injury research,
BIRCO participated in this leadership group,
contributing to the establishment of the FY18
NDAA Sec. 734 Workgroup (Sec. 734 Workgroup).
Throughout FY19, BIRCO took responsibility for
coordinating and hosting the Sec. 734 Workgroup
meetings, which were led by the Co-Chairs.
Participants and members routinely included 50
to 100 representatives from the DoD and other
government organizations, from diverse disciplines
and communities both medical and non-medical,
and included 15 members from the U.S. Army
Medical Research and Development Command
(USAMRDC). BIRCO also led early efforts to draft
and post an RFI and draft the Workgroup Charter in
anticipation of the Workgroup kickoff meeting.

During the course of FY19, the Sec. 734
Workgroup was briefed about ongoing efforts
that could support the longitudinal study,
including studies on the effects of low-level
blast exposure on humans, computational
modeling efforts and resources, methods for
measurement of blast environment, DOEHRSHC, and ILER. They also finalized a Charter and
contributed to the analysis of information gained
through the RFI and meetings, leading to an
actionable plan to achieve study goals.

Background: RFI Posted Q4 FY18
In support of this Congressional mandate, on
September 14, 2018, an RFI titled “FY 2018
NDAA Sec. 734 Longitudinal Medical Study on
Blast Pressure Exposure of Members of the
Armed Forces - Request for Information” was
posted to identify relevant organizations and
information. This RFI was posted on Federal
Business Opportunities (FedBizOpps) at the
request of the OASD(HA) and the Sec. 734
Workgroup. The RFI was closed December 1,
2018 (see RFI Findings).

Background: FY18 NDAA Sec. 734
Workgroup Meeting #1
On September 25, 2018 (Q4 FY18) BIRCO
coordinated and participated in the first
Sec. 734 Workgroup meeting established
by OASD(HA) to address the requirement to
conduct a longitudinal medical study on Service
member blast pressure exposures in training
and combat. The meeting took place at the
MITRE Corporation in McLean, VA. The purpose
of this meeting was to introduce Workgroup
members to the Sec. 734 requirements, explain
the Workgroup’s objectives and the expectations
of Workgroup members, and begin discussion
on the potential focus areas for the longitudinal
study. BIRCO Director Mr. Leggieri presented an
overview of the DoD EA’s role in supporting the
DoD response to Sec. 734, with emphasis on
the importance of engaging diverse disciplines
and communities in formulating the DoD

response. The Workgroup membership reflects
this diversity with representatives from DoD
medical, operational, materiel development, and
test and evaluation communities. Mr. Leggieri
also presented preliminary findings from the
January 2018 International SoS Meeting on
the potential neurological effects of repeated,
occupational blast exposures. The knowledge
gained from the SoS meeting was presented to
help the Workgroup make informed decisions
in planning the response to Sec. 734. MOMRP
Portfolio Managers then shared their work with
participants.
Dr. Gupta, BIRCO Deputy Director, shared
with the Workgroup that BIRCO arranged for
the MITRE Corporation’s National Security
Engineering Center, a Federally Funded Research
and Development Center that supports several
BIRCO initiatives, to support the OASD(HA)
response to Sec. 734. He then presented an
overview of the draft Workgroup Charter that
provides governance and structure for the
Workgroup’s activities and shared details of the
RFI posted on September 14, 2018. Both the
draft Charter and the RFI were developed by
BIRCO in coordination with the leadership group.
After discussion and solicitation of feedback
during the meeting, Workgroup members were
asked to provide feedback to the draft Charter
following the meeting. Dr. Gupta called on
Workgroup members to share the RFI to support
information-gathering and noted that the RFI
results would be shared at a later Workgroup
meeting.

FY18 NDAA Sec. 734 Workgroup Meeting
#2
BIRCO coordinated and participated in the
second Sec. 734 Workgroup meeting on
November 1–2, 2018, held at the MITRE
Corporation in McLean, VA. During this second
meeting, the Workgroup reviewed activities
since the previous meeting, learned about plans
for the Program Structure, finalized the Charter
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language, and heard from several experts who
briefed on blast overpressure, blast overpressure
hazards, and combat and training considerations.
Through breakout sessions, the Workgroup
participated in discussions, as well as scoping
and prioritization exercises, which resulted in
establishing distinct Areas of Investigation for the
longitudinal study. These Areas of Investigation
included Study Population, Operations, Health
Assessment, Blast Assessment, and Study
Framework and were used to support information
gathering from the Workgroup members in the
breakout sessions. Throughout the meeting, the
Workgroup Co-Chairs stressed the importance of
the Workgroup’s role in recommending the overall
study scope and acquisition strategy for specific
component studies that will support each LOI.
After a debrief by each breakout group, Dr. Gupta
provided an update on RFI responses to date,
noting to participants that in the next phase of
the Workgroup process, MITRE would conduct an
independent and unbiased assessment of the full
responses.

FY18 NDAA Sec. 734 Workgroup Planning
Meeting
On December 13, 2018, BIRCO participated in a
Sec. 734 DHA Workgroup planning meeting at the
MITRE Corporation in McLean, VA, co-chaired by
OASD(HA) and DHA J9. The objective of the meeting
was to define the Program Structure, identify key
roles, review the timeline and milestones, discuss
the RFI responses, and identify next steps. During
the meeting, participants discussed the framework
for FY18 NDAA Sec. 734 Program Structure,
including management roles and responsibilities,
coordination of lines of effort, risk and strategic
communications, and translation of actionable
information to the Services. They recommended
five study LOIs: Surveillance, Weapon Systems,
Environment, Blast Characterization, and Health &
Performance.
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FY18 NDAA Sec. 734 Workgroup Meeting #3
On January 22, 2019, BIRCO participated in the
third Sec. 734 Workgroup meeting in McLean, VA,
chaired by OASD(HA) and DHA J9. Participants
included 51 representatives from the DoD and
other government organizations.
During the meeting, Ms. Fudge and Dr. Biggerstaff
provided updates on the activities of the project
since the second Workgroup meeting. Ms. Fudge
informed the Workgroup that Dr. Rauch had signed
the Workgroup Charter and the Deputy Secretary
of Defense had issued the Memorandum to the
Services to identify weapon systems of interest for
examination of health and performance effects due
to blast pressure exposure.
The Co-Chairs shared the planned appointment of
the Medical and Operational Program Coordinators
(COL Evans and CAPT Cota) and discussed
updates to the Program Structure, including
the development of the five LOIs to support the
Elements of Sec. 734. These LOIs comprise
surveillance to monitor Service member blast
exposures, review of existing weapon system safety
precautions and Service member health hazards
assessments, consideration of environmental
factors for blast pressure exposure, review of
methods and technologies to characterize blast
pressure exposure, and examination of health and
performance effects. During the meeting, the WG
refined the scope of the LOIs and identified OPRs
for each LOI.
During this meeting, the Workgroup was briefed
about ongoing efforts that could support the
longitudinal study, including computational
modeling efforts and resources, measurement
of the blast environment, DOEHRS-HC, and ILER.
Concluding the meeting, the participants reviewed
next steps.

Photo credit: Army Spc. Ryan Lucas/U.S. Army

RFI Findings
The Secretary of Defense assigned responsibility
for fulfilling the requirements of Sec. 734 to
the Assistant Secretary of Defense for Health
Affairs (ASD(HA)), who established the Sec. 734
Workgroup. In support of this Congressional
mandate, an RFI titled “FY2018 NDAA Sec. 734
Longitudinal Medical Study on Blast Pressure
Exposure of Members of the Armed Forces
- Request for Information” was posted on
FedBizOpps through the DoD BIRCO on September
14, 2018; the response period closed on
December 1, 2018.
Following the RFI closing, BIRCO coordinated
analysis of results, and delivered two reports to
the Workgroup for their use.
Report 1: “The National Defense Authorization
Act for Fiscal Year 2018, Section 734 (P.L.
115-91) Longitudinal Medical Study on Blast
Pressure Exposure of Members of the Armed
Forces Workgroup: Summary of Request for
Information Responses.

This report summarized the information
received and the methods used to review the
responses. The RFI generated over 1600 pages
of material from 29 organizations and individuals:
14 submissions from government-affiliated
individuals, 5 from academia, 9 from industry, and
1 from an individual representing himself. The
information received included recommendations
for the execution of Sec. 734, DoD documentation
of risk assessments, Military Standards, journal
articles, and other materials.
Report 2: “The National Defense Authorization
Act for Fiscal Year 2018, Section 734, (P.L.
115-91) Longitudinal Medical Study on
Blast Pressure Exposure of Members of the
Armed Forces Ongoing Efforts: Summary and
Analysis”
This report aligned information collected from the
RFI, from literature searches, and from Workgroup
meeting briefings with the LOIs and Areas of
Investigation for Sec. 734. The information
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surveillance and prevention; diagnosis, treatment,
rehabilitation, and reintegration; long-term
effects of TBI; and FY18 NDAA Sec. 734. They
also presented the Sec. 734 Program Structure,
noting that the OPRs would be developing their
plans within the coming month. During the
meeting, experts briefed the Workgroup about
efforts that could support the longitudinal study,
including studies of blast exposure and health
effects, ongoing studies related to measuring
and recording overpressure exposure in Service
members.

Photo credit: Timothy L. Hale/U.S. Army

contained in this document was collected from
September 2018 – January 2019 from the
following sources:
•
•

•

RFI
Sec. 734 Workgroup Meeting briefings and
summaries (after action reports). Meetings
occurred in September and November 2018
and January 2019. A Workgroup-limited
attendee planning session was held in
December 2018
Journal articles

This document was intended to organize and
communicate pertinent information to support the
near-term activities of the Program Coordinators
and OPRs.

FY18 NDAA Sec. 734 Workgroup Meeting #4
On March 25–26, 2019, BIRCO participated in
the fourth Sec. 734 WG meeting in McLean, VA,
chaired by OASD(HA) and DHA J9. Participants
included more than 50 representatives from the
DoD and other government organizations. On
the first day, the Co-Chairs provided an overview
of the Comprehensive Strategy and Action Plan
for Warfighter Brain Health and the proposed
associated lines of effort, including research;
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The second day of the meeting was devoted to
a detailed discussion among the Workgroup
Co-Chairs, Program Coordinators, and OPRs for
the LOIs. As OPR for LOI 2, Weapon Systems,
BIRCO will work with medical and non-medical
communities to review the safety precautions
surrounding heavy weapons training, which is
one of the three key requirements in Sec. 734.
BIRCO’s participation in this effort will further the
EA’s responsibility to facilitate collaboration within
and outside the DoD.

Interim Report to Congress
As described above, Sec. 734 of the FY18 NDAA
requires a longitudinal medical study on blast
pressure exposure of members of the Armed
Forces during combat and training. As part of
Sec. 734, an interim report was required and
submitted one year after the date of enactment.
Throughout early activities and in collaboration
with the Workgroup, BIRCO led the effort to draft
and finalize the interim report to Congress, which
contains the study methods and action plan. The
report was signed on April 11, 2019 (available for
download).
This carefully crafted interim report provides a
succinct overview and the context of the effort,
incorporating the activities and accomplishments
detailed in meetings summaries provided above,
and therefore key sections are provided below
without edit:

Background
Experiences by Service members in recent conflicts and training environments illuminate concerns related to the
possible effects of blast pressure exposure on brain health. Increased knowledge and communication about the
physical and cognitive effects of blast pressure exposure resulted in increased Congressional interest of Service
member use of heavy weapon systems in training and combat. Additionally, growing evidence of public interest in
these exposures was presented in a report released in May 2018 by the Center for a New American Security titled
“Protecting Warfighters from Blast Injury,” which described high blast pressure exposures of members of the Armed
Forces. Integration of interests from both the public and private sectors resulted in section 734 of the National
Defense Authorization Act (NDAA) for Fiscal Year (FY) 2018 (Public Law 115–91), which requires that the Secretary
of Defense conduct a longitudinal medical study on blast pressure exposure of members of the Armed Forces during
combat and training. The law states:
(a) IN GENERAL. The Secretary of Defense shall conduct a longitudinal medical study on blast pressure
exposure of members of the Armed Forces during combat and training, including members who train with any
high overpressure weapon system, such as anti-tank recoilless rifles or heavy-caliber sniper rifles.
(b) ELEMENTS. The study required under subsection (a) shall—
(1) monitor, record, and analyze data on blast pressure exposure for any member of the Armed Forces
who is likely to be exposed to a blast in training or combat;
(2) assess the feasibility and advisability of including blast exposure history as part of the service record
of a member, as a blast exposure log, in order to ensure that, if medical issues arise later, the member
receives care for any service connected injuries; and
(3) review the safety precautions surrounding heavy weapons training to account for emerging research
on blast exposure and the effects of such exposure on cognitive performance of members of the Armed
Forces.
(c) REPORTS.(l) INTERIM REPORT.-Not later than one year after the date of the enactment of this Act, the Secretary
shall submit to the Committees on Armed Services of the Senate and the House of Representatives an
interim report on the study methods and action plan for the study under subsection (a).
(2) FINAL REPORT.-Not later than four years after the date the Secretary begins the study under
subsection (a), the Secretary shall submit to the Committees on Armed Services of the Senate and the
House of Representatives a report on the results of such study.
The Secretary of Defense assigned responsibility for fulfilling the longitudinal medical study requirements of section
734 of the NDAA for FY 2018 to the Assistant Secretary of Defense for Health Affairs (ASD(HA)). Additionally,
the Deputy Secretary of Defense, in an effort to establish an overarching strategy for brain health and brain injury
across the Department, issued the memorandum, “Comprehensive Strategy and Action Plan for Warfighter Brain
Health,” on October 1, 2018. The memorandum established a foundation for a cross-agency, multidisciplinary,
collaborative effort to tackle this complex issue. The overarching strategic initiative will have six lines of effort; the
section 734 study is one of the lines of effort. The longitudinal medical study will involve contributions from blast
engineers, munitions testing and operational personnel, safety officers, healthcare providers, and others, to offer a
comprehensive approach to interpreting blast exposure data and developing recommendations for enhancing blast
exposure safety in the training and operational environments. The Principal Deputy Assistant Secretary of Defense
for Health Affairs established the Section 734 Workgroup (hereafter referred to as the Workgroup) to establish a
targeted strategy aimed to: address the three reporting Elements of section 734 of the NDAA for FY 2018, promote
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collaboration across the Services’ line and medical communities, and reduce duplication of effort. The Workgroup
comprises members from 54 organizations from the Department, the Armed Services, and the Department of
Veterans Affairs. This interim report provides the study methods and action plan as noted in section 734 of the
NDAA for FY 2018.
Goal and Scope
The goal of this initiative is to successfully conduct a series of studies (i.e., examination of health and performance
effects) of blast pressure exposure of members of the Armed Forces during combat and training, including Service
members who train with high overpressure weapon systems, such as anti-tank recoilless rifles or heavy-caliber sniper
rifles, and inform training and operational safety doctrine, protocols, and policies to best protect the Warfighter.
The scope of the study will include a series of studies and assessments to achieve the goal rather than a single
longitudinal study. The multiple study methodology will be used in an effort to capture answers to multiple lines
of inquiry that would prove challenging to accomplish with one large and unwieldy study, as well as enable more
opportunities for success. The initiative will build on existing work and require a portfolio of studies that will support
all reporting Elements in section 734 of the NDAA for FY 2018. The results from the portfolio will inform safety
standards and medical policy to protect Service member health. Additionally, the studies will address the feasibility
of tracking and documenting blast exposures during a Service member’s career lifecycle.
Program Structure: Lines of Inquiry and Responsibilities
The Office of the ASD(HA) (OASD(HA)) and the Workgroup developed a program structure to facilitate additional
detailing of the study methods and action plan. The program structure (Figure 1) identifies organizations that
will provide oversight, guidance, and coordination, and will promote translation of study findings to the Services.
The program structure includes five Lines of Inquiry: Surveillance, Weapon Systems, Exposure Environment, Blast
Characterization, and Health and Performance, to support the three reporting Elements of section 734 of the NDAA
for FY 2018.
Figure 1. Program Structure Developed to Support Section 734

OASD(HA) provides oversight of section 734 of the NDAA for FY 2018 progress, exercises tasking authority, and
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coordinates with Congress. The roles and responsibilities of the Workgroup are identified in the Workgroup Charter.
They include providing access to information and points of contact to assist in data gathering efforts; providing
technical guidance for monitoring, recording, and analyzing data on blast pressure exposure; recommending and
evaluating study methodologies and action plans for implementation of the longitudinal study; and coordinating and
informing their respective organizations about Workgroup activities.
The Workgroup Co-Chairs identified Program Coordinators to oversee the Lines of Inquiry, providing direction to Line
of Inquiry Offices of Primary Responsibility (OPRs). The OPRs will provide operational management of Line of Inquiry
performers. The OPRs will chair any sub-Workgroups developed in support of section 734. The Principal Investigators
(PIs) will develop and execute study protocols and provide regular reports to the OPRs.
To support further development and execution of study methods by OPRs and PIs, the Workgroup and OPRs defined the
scope and approach for each Line of Inquiry as illustrated in Figure 2 and as follows:
The Surveillance Line of Inquiry will assess the feasibility and advisability of including blast pressure exposure
history in the service and/or medical record of members of the Armed Forces, pilot implementation of a personnel
monitoring surveillance program, and analyze data to improve understanding of blast pressure exposures of members
of the Armed Forces.
The Weapon Systems Line of Inquiry will coordinate, collate, and analyze information on blast pressure resulting
from heavy weapons and blast events, and will inform strategies to account for emerging research on the effects of blast
pressure exposure on health and performance of members of the Armed Forces.
The Exposure Environment Line of
Inquiry will review safety precautions
for heavy weapons and blast events
in different blast environments,
features of the environment that may
contribute to blast exposure-related
changes in health and performance
of members of the Armed Forces,
and compliance with existing safety
precautions and Standing Operating
Procedures.
The Blast Characterization Line
of Inquiry will review modeling
of blast and blast effects relevant
to Warfighter brain health in training and combat, and will identify technical challenges, knowledge gaps, and
considerations for future efforts to monitor, record, and analyze blast pressure exposure.
The Health and Performance Line of Inquiry will evaluate health and performance outcomes of blast pressure
exposure focused on Warfighter brain health; this will include leveraging human performance optimization programs
and existing clinical and research data.

Following delivery of this interim report to Congress, Co-Chairs coordinated an effort to review and select weapon
systems for the Sec. 734 longitudinal study.
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FY18 NDAA Sec. 734 Tier 1 Weapon
Systems Selection
During the second Sec. 734 Workgroup meeting,
participants recommended a focus on high risk
(intensity and incidence) military occupational
specialties/units as defined by the Services.
A Memorandum from Mr. James Stewart to
Secretaries of the Military Departments (February
4, 2019; available upon request) requested the
top 3–5 high overpressure weapon systems that
generate blast pressure exposure effects for
Service members, either responsible for, or in
close proximity to, the operation of such systems.
In response, the Services provided approximately
40 weapon systems for consideration (grenade
launcher, breaching charges, firearms, Howitzer,
etc.). After a careful review and consideration
of all responses, Sec. 734 leadership (ASD(HA))
reviewed the results and provided the Sec. 734
Workgroup with Tier 1 Weapon Systems for initial
studies, with a plan to include additional weapon
systems once studies are underway (Figure 2-3).

LOI 2 – Weapon Systems Overview
As OPR for LOI 2 – Weapon Systems, BIRCO
is responsible for overseeing activities and
providing direction to LOI 2. This responsibility
requires BIRCO to coordinate, collate, and analyze
information on blast pressure resulting from
heavy weapons and blast events, and to inform
strategies to account for emerging research of
the effects of blast pressure exposure on Service
member health and performance. Throughout
FY19, BIRCO leadership participated in meetings
that served to establish the Program Structure and
provide the scope, goals, and foundations for the
longitudinal study, which is expected to formally
kickoff October 1, 2019. Activities throughout
FY19 included meeting with and updating
Workgroup Co-Chairs, Program Coordinators, and
other LOIs on plans, progress, accomplishments,
and challenges through standing sync meetings.
Leadership in this effort furthers the EA
responsibility to close blast injury knowledge
gaps and ensure Service member health and
performance.
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FIGURE 2-3: NDAA Sec. 734 Tier 1 Weapon Systems

TIER 1 WEAPON SYSTEMS
50 Cal Weapons
M107 Sniper Rifle
M2A1 Machine Gun
MK 15
GAU 21

Shoulder Mounted
M3, MAAWS
M136, AT 4
M72, LAW

Indirect Fires Systems
Howitzer (all platforms to include M1114), 155mm
Mortars (all platforms), 120mm, 81mm, 60mm

Breaching Charges
Door: NEW of .23 lbs TNT (slider) – .30 lbs TNT
(fruit roll up)
Wall: NEW of 10.0 lbs – 14.0 lbs

LOI 2 Goal
Assess and review the safety precautions
surrounding heavy weapons in training to account
for emerging research on blast exposure and the
effects of such exposure on cognitive performance
of members of the Armed Forces.
LOI 2 Objectives
(1) Coordinate, collate, and analyze information
on blast pressure resulting from high kinetic
weapons and events
(2) Inform strategies to account for emerging
research on the effects of blast pressure
exposure on health and performance

LOI 2 Plan of Action
To achieve the objectives, BIRCO plans to gain
insights and develop an understanding of the blast
exposures that result from firing or detonating
weapon systems including emerging research,
collect and analyze weapon system safety guidance,
conduct analysis, and identify knowledge gaps and
policy deficiencies to inform recommendations. LOI 2
has developed the following activities plan to ensure
goals are met.
Collect information, Leveraging Existing Work
on Tier 1 Weapon Systems and Weapon System
Characterization Methodologies:
• Range Safety Department of Army Pamphlet
(DA-PAM), Range Manager ToolKit (RMTK),
technical/operational manuals, industry flyers,
training circulars
• Training materials and weapon use information
(e.g., most commonly used rounds, range of
ammunition, number of individuals trained per
year, rounds fired per year, and distribution of
safety information) obtained from the Weapon
System, Ammunition, and Ordnance Program
Managers and from staff Testing Center Product
Verification reports and materials (Army Test and
Evaluation Command, Aberdeen Testing Center,
Yuma, and Redstone)
• FY18 NDAA Sec. 734 research studies, such
as information and data from protocols,
methodologies, Statements of Work, sensors,
and resulting blast waveforms
• Existing blast data collection standards,
e.g., Military Standard (MIL-STD)-1474E,
which establishes acoustical noise limits
and prescribes testing requirements and
measurement techniques for determining
conformance to the noise limits specified herein
• Research outcomes (such as comparison of data
translation: B3, pencil gauges, and Advanced
Blast Test Device). This activity assumes
validation exercises to understand similarities
and differences between the sensors used in
testing and training are completed, as well as
validation of the blast data captured by sensors

Photo credit: Spc. Shekinah M Frye/U.S. Army

Review Methods for Characterizing Tier 1 Weapon
Systems:
• Evaluate consistency across and within testing
centers, in evaluation conditions (health hazard
assessment), training material, etc.
• Analyze data for relevancy, accuracy, and quality
based on the state of the science
• Document and share differences,
inconsistencies, and practices that could
affect safe weapon system use in training and
in combat situations (e.g., ways to describe
Allowable Number of Rounds, MIL-STD use)
• Define common data elements (e.g., number of
rounds, environmental conditions, postures or
positions) for consideration of inclusion in DoD
Guidance and FY18 NDAA Sec. 734 research
• Evaluate weapon systems waveform
measurements against DoD weapon
characterization data (e.g., Advanced Blast Test
Device, RMTK) to examine differences between
testing and actual use, when available

CHAPTER 2: BL AST INJURY RESE ARCH COORDINATING OFFICE

41

•

•

Coordinate throughout the longitudinal study
with LOI 2 sub-workgroup members to ensure
completeness of information and buy-in for
potential recommendations
Identify gaps, areas for further investigation,
and/or recommendations
 Weapons without an Army Public Health
Center (APHC) Health Hazard Assessment
 Limitations with existing safety
precautions (e.g., usability, consistency)
 Limitations with existing data collection
methodologies (e.g., sensor calibration
protocols, sensor placement)
 Limitations with existing data and
analytics (e.g., sensors placement, type)
 Limitations with existing testing protocols
(e.g., weapon is used differently in
training)

Develop an Acquisition Strategy and Outcomes
As knowledge gaps are identified through the
activities discussed above, BIRCO will develop an
acquisition strategy leveraging existing work to fill
the gaps.

FY19 Key Accomplishments in Support of
Sec. 734 of FY18 NDAA
• Developed database of known information about Tier
1 Weapon Systems
• Developed list of Tier 1 Weapon System data
elements (e.g., number of rounds, environmental
conditions, postures or positions) for inclusion in the
study
• Prepared draft one-page Weapon System executive
summaries that capture key pieces of information
(to be regularly updated as information is obtained
through study and LOI 2 efforts)
• Initiated coordination and collection of information on
Tier 1 Weapon Systems in collaboration with LOI 3

Collect Required Information for Tier 1 Weapon
Systems (Safety Precautions and Effects of
Blast Exposure)
LOI 2 plans to collect the following information on
each Tier 1 Weapon System in order to meet the
above-mentioned objectives (Figure 2-4).

FIGURE 2-4: Required Information for Tier 1 Weapon Systems
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Detailed Testing Methodologies

Weapon System Information
(initial focus on training)

In Situ/Verified Training
Information

•

Points of contact (POC)
(Testing and fielding
documents through PMs, Sec.
734 researchers and LOIs,
etc.)

•

POC (PM, Unit Commander,
U.S. Army Training and
Doctrine Command, etc.)

•

POC (Unit Commanders, PM,
Sec. 734 researchers and
LOIs, etc.)

•

Most commonly used
round

•

•

Scenarios (e.g., closed
environment, open field)

•

Round of highest concern

•

Rounds used

•

APHC recommendations for
use and safety

Safety and use guidance
provided to Service
members (e.g., in training
circulars)

•

Actual use information

•

Sensors used

•

•

•

Blast waveforms

•

Safety precautions used in
testing

RMTK and Range Safety
DA-PAM recommendations for
use and safety

Weapon use scenario
details (range, environment,
distances)

•

Sensors used

•

Blast waveforms
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Enduring Freedom, Operation Iraqi Freedom,
and Operation New Dawn. Many of these
injuries cause permanent disabilities and reduce
quality of life. Understanding and developing
protective measures against these blast-related
threats and effectively rehabilitating our Service
members following exposure is of utmost
importance. However, accurately predicting blastrelated lethality, injury, and impairment remains
challenging, time-intensive, and cost-prohibitive.
Developing a new capability for modeling and
simulating the human body’s response to blastrelated threats will create a venue for exploring
and understanding these risks.
Photo credit: Spc. Grant Larson/Army National Guard

Next Steps
In FY20, BIRCO will continue to identify, coordinate,
and collect information on Tier 1 Weapon Systems
related to Safety Precautions and Effects of Blast
Exposure. An LOI 2 sub-workgroup will be stood
up and convened to ensure all Services and
communities of interest are able to contribute to
findings and recommendations. Critical findings
and recommendations will be shared with Sec.
734 leadership for immediate action where
appropriate, and the LOI 2 will coordinate across
all LOIs for collaborative recommendations for
inclusion in the final report to Congress.

DoD Working Group on Computational
Modeling of Human Lethality, Injury,
and Impairment from Blast-related
Threats
As future military operations become more
demanding and require sustained performance
over extended periods, they will pose health
risks that are currently not well-understood and
perhaps not anticipated. Blast-related injuries
sustained by Service members have increased
in frequency and severity during Operation

BIRCO established the DoD WG on Computational
Modeling of Human Lethality, Injury, and
Impairment from Blast-related Threats in 2017.
The purpose of the WG is to shape, focus, and
coordinate the DoD’s computational modeling
efforts to enable a new capability for modeling
and simulation of human lethality, injury, and
impairment from the entire spectrum of blastrelated threats and environments from initial point
of interaction with the blast hazard to return-toroutine (Modeling Capability; Figure 2-5).
This new Modeling Capability will make it possible
to rapidly develop and assess the impact of
innovative personal and combat platform occupant
protection concepts in a virtual environment,
accelerate the development of effective treatment
strategies, and predict health outcomes and
disabilities. Valid predictive models will reduce the
number of expensive and time-consuming dynamic
tests by identifying only the specific cases that
require additional experimental verification. As
our Service members encounter novel threats in
future combat scenarios, this capability will allow
the DoD to quickly and adeptly address those
threats. Reductions in resources required for
Live Fire Test and Evaluation is also an expected
outcome. The Modeling Capability, as envisioned
by the WG members, is sufficiently broad in scope
to allow computational modeling and simulation
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FIGURE 2-5: Scope of the Modeling Capability from blast threat to return-to-routine

The Modeling Capability is represented by everything within the dotted lines and has two modules 1) Until homeostasis is
reached and 2) Recovery and/or further degeneration.
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(M&S) from the time of exposure to the blast
hazard through return-to-routine (Figure 2-5). The
blue block on the left of the schematic, titled “Until
homeostasis is reached,” represents and focuses
on the human condition from the point of injury
until clinical homeostasis is reached; the yellow
colored block titled “Recovery and/or further
degeneration” represents and focuses on the
human condition from the point of homeostasis
through the rehabilitative processes (until either
rehabilitation is no longer needed or is stopped
because it is not expected to yield an increase in
function).

The WG has facilitated substantive improvements
in DoD computational modeling program planning
and execution, particularly among the JNLWD,
CCDC-ARL, Air Force Research Laboratory (AFRL),
and Office of Naval Research (ONR) programs.
Models are being shared, opportunities for
collaboration have been identified and are being
actively pursued, programmatic redundancies
have been identified and are being eliminated, and
DoD labs are increasing their outreach to modeling
experts in other Federal agencies, academia, and
industry to leverage their expertise and enhance
the DoD programs.

The WG includes representatives from 29 DoD
organizations and eight government agencies
including the National Institutes of Health, the
National Science Foundation, the National
Aeronautics and Space Administration, the
Federal Bureau of Investigation, the Federal
Aviation Administration, Department of Veterans
Affairs, Department of Homeland Security, and
the National Highway Traffic Safety Administration
(Figure 2-6). The purpose of the WG is to
develop a Strategic Plan for a computational
modeling framework (Framework) that will
enable the Modeling Capability. Members also
share information about their programs, identify
opportunities for collaboration, and recommend
new efforts to close knowledge gaps.

The WG has developed the Strategic Plan to
provide actionable, impactful guidance and
recommendations toward the development of
the Framework. This transpired via in-person
meetings and follow-on member discussions.

CHAPTER 2: BL AST INJURY RESE ARCH COORDINATING OFFICE

Members developed a prototype Human Body
Computational Modeling Registry (Modeling
Registry) to provide a centralized location for
information about computational models so
that end-users of the Modeling Registry can
easily obtain key information about models
and the developers or owners of those models.
Information within the Modeling Registry is
captured using a Modeling Questionnaire
developed by the WG. Information on models
developed within the DoD, academia, and

FIGURE 2-6: Working Group Member Organizations
DEPARTMENT OF DEFENSE (DoD)
Office of the Assistant Secretary of Defense for Health Affairs (ASD(HA))
Office of the Assistant Secretary of Defense for Research and Engineering (ASD(R&E))
DoD Blast Injury Research Coordinating Office (BIRCO)
Combat Casualty Care Research Program (CCCRP)
DoD Explosives Safety Board (DDESB)
Defense Health Agency (DHA)
Defense Modeling and Simulation Coordination Office (DMSCO)
Defense Threat Reduction Agency (DTRA)
Joint Non-Lethal Weapons Program (JNLWP)
Joint Program Executive Office for Chemical, Biological, Radiological, and Nuclear Defense (JPEO-CBRND)
Military Operational Medicine Research Program (MOMRP)
U.S. Special Operations Command (USSOCOM)
Walter Reed National Military Medical Center (WRNMMC)

U.S. AIR FORCE
Air Force Research Laboratory (AFRL)

U.S. ARMY
U.S. Army Armament Research, Development, and Engineering Center (ARDEC) Benet
Combat Capabilities Development Command (CCDC) Armament Center (AC)
Combat Capabilities Development Command (CCDC) Army Research Laboratory (ARL)
Combat Capabilities Development Command (CCDC) Data and Analysis Center (DAC)
Program Executive Office (PEO) Simulation Training and Instrumentation (STRI)
Program Executive Office (PEO) Soldier
U.S. Army Corps of Engineers (USACE)
U.S. Army Public Health Center (USAPHC)

U.S. NAVY
Naval Air Systems Command (NAVAIR)
Naval Medical Research Center (NMRC)
Naval Medical Research Unit (NRMU)
Naval Submarine Medical Research Laboratory (NSMRL)
Naval Surface Warfare Center, Carderock Division (NSWC CD)
Naval Surface Warfare Center, Indian Head Division (NSWC IHD)
Naval Undersea Warfare Center, Newport (NUWC-Newport)
Office of Naval Research (ONR)
USMC Program Executive Office (PEO) Land Systems (LS)

DEPARTMENT OF HOMELAND SECURITY (DHS)
Chemical Security Analysis Center

FEDERAL AVIATION ADMINISTRATION (FAA)
Crash Dynamics

FEDERAL BUREAU OF INVESTIGATION (FBI)
Explosive Unit, Laboratory Division

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)
Glenn Research Center

NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION (NHTSA)
Human Injury Research Division

NATIONAL INSTITUTES OF HEALTH (NIH)
Dental and Craniofacial Research

NATIONAL SCIENCE FOUNDATION (NSF)
Mechanics of Materials & Structures Program

DEPARTMENT OF VETERANS AFFAIRS (VA)
Musculoskeletal Disorders and Medical Comorbidities Program
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industry are included in the Registry. Model
information is organized and searchable via
criteria such as body region, use case, blast
taxonomy, validation and verification, required
data, and simulation type. Figure 2-7 shows the
Modeling Registry Response Coverage areas.

FIGURE 2-7: Modeling Registry Response Coverage Areas
Skull
Fracture
Moderate/
Severe TBI

Mild
TBI

Head and
Neck Body
Regions

Similar to the Modeling Registry, a Blast
Lethality, Injury, and Impairment Data
Sources Registry (Data Sources Registry)
prototype has also been developed, housing
information about data sources that inform
human body computational models. As with the
Modeling Registry, the WG developed a Data
Sources Questionnaire to capture pertinent
information about the data sources. Collected
information is organized and searchable by
criteria such as use case, from whom the data
were collected, timeframe of data collection,
blast threat, spatial resolution, standardized
data format, and information on how to access
data. Table 2-1 shows the Identified Data
Sources.

Accelerative
Loading Blast
Overpressure
Accelerative
Loading Blast
Overpressure
Repetitive
Trauma

Ocular
Auditory
Face

Neck

Spine/
Back

Underwater
Blast

Abdomen

Dermal
Burns

Burn
Severity

= COMPLETED MODEL RESPONSES

Lower
Extremity

TABLE 2-1: Identified Data Sources
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Name

Organization

DoD/Industry

Summary

Warrior Injury Assessment
Manikin (WIAMan) Database

CCDC-ARL

DoD

Human injury data from under body blast

Collaborative Biomechanics
Data Network

AFRL

DoD

Data repository and research utilities
for human performance in hazardous
environmental conditions

University of Virginia (UVA)
Lower Leg & Pelvis Impact
Dataset

UVA

Industry

Sub-injurious response to vertical
accelerative loading

Mid-Rate Material Testing
System Soft Tissue Testing

Corvid
Technologies

Industry

Material characterization for soft
tissues under mid-rate loading

Historical Blast Bioeffects
Data Archive

USAMRDC

DoD

50-year collection of animal exposure
to various blast conditions

Biodynamics Data Resource

USAARL Naval
Air Warfare
Center Aircraft
Division

DoD

Biodynamic data related to
neurological, spine, and physiological
insults due to impact and acceleration
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Accelerative
Loading
Musculoskeletal
Fatigue

Thorax

Pelvic/
Urogenital

Accelerative
Loading
Penetrating Injury

Temporary
and Permanent
Threshold Shift

Photo credit: Sgt. Alon Humphrey/U.S. Army

For the first time, these Registries allow the WG
members to easily locate and leverage existing
work, identify opportunities for collaboration, and
identify gaps in models and data. Expanding access
in coming years will ensure DoD has easy access
to knowledge and insight into existing and planned
models and data sources.
In FY19, the WG held two meetings:

Working Group Meeting #4
BIRCO hosted the fourth meeting of the DoD WG
on Computational Modeling of Human Lethality,
Injury, and Impairment from Blast-related Threats
on February 5–7 2019. The meeting was attended
by 29 participants representing 15 DoD and 5
government organizations, as well as 34 performers
from academia and industry. The meeting began
with two days of performer presentations, followed
by a one-day WG members-only meeting. An RFI
posted through BIRCO on FedBizOpps and targeted
outreach was used to solicit diverse performers for
presentations on their current and planned work
related to human body computational modeling.
WG members served as session co-chairs with the

MITRE team moderating the meeting. Performer
presentations across two days were divided into
individual sessions:
•
•
•
•
•
•
•

Modeling the Blast Exposure
Animal Surrogates
Head Models
Human Body Models
Assessing Outcomes I
Assessing Outcomes II
Modeling Diverse Populations

At the conclusion of day two, WG members and
other attendees representing government, industry,
and academia engaged in two breakout sessions
focusing on torso models and head models. These
breakout sessions provided targeted opportunities to
discuss key findings and led to an agreement of data
gaps, a need to standardize methods, and near-term
strategies to address those issues.
On day three, WG members were briefed on
updates to the Roadmap for the development
of the Strategic Plan, the Modeling Registry, the
Data Sources Questionnaire, and Computational
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Model Interoperability. They also discussed
results of previous work-shaping activities which
informed updates to the draft Strategic Plan.
Members were then provided a demonstration
of the prototype Modeling Registry and provided
feedback such as including use case scenarios to
test features and provide feedback for updates.
During breakout sessions, WG members generated
ideas to inform the draft Strategic Plan’s shortterm (five-year) strategy. During the meeting, WG
members reviewed and approved the final version
of the Data Sources Questionnaire, and approved
updates to the draft Strategic Plan.

Working Group Meeting #5
BIRCO hosted WG Meeting #5 on July 23–24,
2019, where 23 participants representing 13
DoD and 4 government organizations attended.
The MITRE team briefed members on updates
to the Roadmap for the development of the draft
Strategic Plan, the Modeling Registry, the Data
Sources Registry, and results from the breakout
session activity in WG Meeting #4.
A MITRE expert in Public Private Partnerships
(PPPs), which provide a collaborative working
relationship where there is a mutually determined
goal, structure, governance, and roles and
responsibilities, and shared experiences in
Motivating Data Sharing and Practices. WG
members were provided with lessons learned and
methods for Data Sharing within and external to
the federal government. The briefing included
an explanation of the three elements: interest,
ability, and protocol that are required to make data
sharing a reality. Examples of successful PPPs
were described as well as some key practices to
follow. The importance of including an objective
in the Strategic Plan to explore and develop a
data sharing capability in partnership with key
stakeholders was noted, as was successful
data sharing practices such as defining shared
expectations, ensuring mutual benefit, and
building trust through action.

48

CHAPTER 2: BL AST INJURY RESE ARCH COORDINATING OFFICE

A MITRE Modeling and Simulation SME briefed the
WG on ways to address and overcome modeling
and simulation challenges associated with the
development of the Framework. To support the
challenges of integratability, interoperability, and
composability, members were briefed on the
concept of operations, which allows the challenges
to be addressed in a consistent manner. The
concept of operations allows for a consistency and
robustness across all relevant items needed for
integratability, interoperability, and composability.
Members learned that while the research
question defines what concepts are needed,
metadata provides information for selection
of the best models that are conceptually
aligned and technically composable. Additional
information was provided regarding the Framework
components which were categorized into two
groups: 1) repositories to collect and provide
information and resources, and 2) services
needed in support of conducting a simulationbased experiment.
Two presentations from government and industry
performers provided pertinent experiences and
lessons learned for data-sharing best practices. A
government panel discussion provided information
regarding an ongoing data and model sharing
agreement. WG members then participated in an
activity to evaluate the draft Strategic Plan and
identify constraints or risks, gain commitment,
and designate potential responsible parties for
goals and roles. Recommendations included
suggestions to expand established programs or
early successes, to emphasize and share the
importance of establishing common terminology
and consensus regarding injury characterizations
and associated outcomes, and to document and
capture a key lesson-learned by WG member
experiences, where forcing collaborations in
resistant organizations had rarely resulted in
success.

Next Steps
The next steps for the WG, planned for FY20
include:
1. Coordinate Working Group Meeting #6,
planned for Q2 FY20, where WG members
will discuss the draft Strategic Plan, providing
feedback and finalizing
2. Complete draft Strategic Plan, incorporating
member feedback and suggestions from
Meeting #5; share with WG members
3. Continue to add information on known and
planned models and model data into the
prototype Modeling Registry and Data Source
Registry. The WG will continue to explore and
identify a long-term solution for continued
sustainment of these valuable resources
4. Continue collaboration with academia and
industry to understand the state of the
science in human body computational models
used to predict human lethality, injury,
and impairment from interaction with the
blast hazard to return-to-routine across the
taxonomy to blast-related hazards. Continued
engagement with all communities ensures the
WG is aware of new relevant developments
5. Develop an implementation strategy to
execute the Strategic Plan
6. Deliver Strategic Plan to DoD

International State-of-the-Science
Meeting Series
In 2009, BIRCO established the annual
International SoS Meeting Series on behalf of the
EA. This series is a unique and enduring capability
that leverages the expertise of outstanding
scientists, engineers, and clinicians to identify
knowledge gaps and to inform future research
needed to close the gaps in the prevention,
mitigation, and treatment of blast injury. In FY19,
BIRCO sponsored the Eighth International SoS
Meeting on blast-related injuries, hosted by the
RAND Corporation. The subject of this year’s
meeting was Limb Salvage and Recovery After
Blast-Related Injury. Focuses of the meeting

included assessing the scope of the problem,
determining factors that influence treatment
decisions, discussing treatment and rehabilitation
innovations, and identifying priority research and
policy gaps. The objectives of the meeting were as
follows:
1. Describe the epidemiology and outcomes of
limb salvage after severe blast-related limb
injury
2. Review the evidence on the decision to
salvage versus amputate a limb after severe
blast-related limb injury
3. Examine the evidence and innovations on
restoration and reconstruction after limb
salvage for severe blast-related limb injury
4. Review the evidence and innovations on
rehabilitation, reintegration, and recovery
after limb salvage for severe blast-related limb
injury
This meeting brought together 120 SMEs from
across the DoD, other federal laboratories,
academia, and industry both domestic and
international. An expert panel prioritized
knowledge gaps and made the following
recommendations for near- and longer-term
research needs:
1. Write an agreed-upon definition of traumarelated limb salvage and disseminate it
to the professional societies representing
the primary constituencies. Develop,
validate, and publish a common definition
of limb salvage. After a universal definition
is established, the coding system should
be updated to include salvage diagnoses,
procedures, and outcomes from injury through
rehabilitation.
2. Recommend funding to support randomized
controlled trials of clinical care models
and treatment studies that involve large
civilian-military consortia. There is limited
research on the outcomes of amputation
versus limb salvage; a long-term study on
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costs, health care utilization, and quality of
life will help close that gap.
3. Increase transparency of the
rehabilitation practices to develop
evidence-based recommendations. There
is limited research comparing surgical
approaches to limb salvage for blast-related
injuries. Establishing centers of excellence
for joint limb salvage and amputation
military treatment facilities (MTFs) will
help bridge the gap between the two
communities.
4. Improve physical support systems for
limb salvage. Future studies should
prioritize measuring the effectiveness of
rehabilitation interventions with researchers
clarifying which outcomes they are
measuring. Stronger outcome measures will
increase the chances of securing funding.
5. Increase the pipeline of trained surgeons
to serve on the frontline. To improve
health outcomes of injured Service
members, the military needs more trained
surgeons at the point of injury. Field
medics’ training focuses on resuscitation
and stabilization, not surgical or anesthesia
procedures.
The expert panel also identified the critical
need to maintain knowledge and expertise at
MTFs, particularly as experienced practitioners
retire from military service. A full listing of the
findings, knowledge gaps, and recommendations
from this meeting are documented in a report
available on the BIRCO website.

MHSRS Sessions on Ocular Blast
Injury and Blast-related Exposures
In Training
For over five years, BIRCO has participated in
the annual MHSRS as part of the mission to
identify blast injury knowledge gaps, shape
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medical research programs to fill identified
gaps, facilitate collaboration among diverse
communities within and outside of the DoD,
and widely disseminate blast injury research
information.
This year, BIRCO co-sponsored with the DoD/
VA VCE an opening breakout session for the
symposium, Ocular Injuries Caused by Exposure
to Blast Overpressure. Researchers discussed
the causes of military eye injuries throughout
modern history, strategies to mitigate eye injury
after blast exposure, injury prediction through
computational modeling, and heterogeneity in
ocular trauma research methodologies.
BIRCO also sponsored a second breakout
session, Approaches for Monitoring Warfighter
Blast-Related Exposures in Training to Develop
Effective Safety Standards. The session
opened with an inspiring presentation on
the health outcomes experienced by MH-60
Direct Action Penetrator crew members as a
result of blast overpressure exposure and the
injury mitigation strategies used to reduce
these effects. Researchers also discussed
environmental, neurocognitive, imaging, and
molecular biomarkers for monitoring blastrelated exposure; the use of hydrogels as brain
surrogates in blast research; and using historical
blast injury research data for modern research
purposes.

The Joint Trauma Analysis and
Prevention of Injury in Combat
Program
The Joint Trauma Analysis and Prevention of
Injury in Combat (JTAPIC) Program supports
a specific EA responsibility codified in DoDD
6025.21E. JTAPIC provides actionable analysis
to DoD stakeholders for the modification
of personal protective equipment, tactics,
techniques, procedures, and vehicle platforms
to provide decision support for the prevention
and mitigation of injury. As of FY17, JTAPIC

produces its own retrospective Annual Report,
from which the reader can learn more about its
excellent work.
The JTAPIC Program Management Office originally
resided within BIRCO, but it has since matured
into a program of record, located at Fort Detrick,
Maryland, with partners throughout the U.S.
(Table 2-2). It leverages the medical, intelligence,
operational, and materiel expertise of these
partnerships to support operational planning
and the development of strategies to prevent or
mitigate injuries during combat.
TABLE 2-2: JTAPIC Program Partners
Intelligence and Operational Partners
National Ground Intelligence Center
Dismounted Incident Analysis Team
U.S. Marine Corps Current Operations Analysis
Support Team
Marine Corps Intelligence Activity
U.S. Army Aeromedical Research Laboratory

Medical Partners
Armed Forces Medical Examiner System
Joint Trauma System
Naval Health Research Center

Materiel/Acquisition Partners
Project Manager, Soldier Protection Individual
Equipment
Product Manager, Infantry Combat Equipment
U.S. Army Research Laboratory

DoD Brain Health Research
Program Coordinator
The DoD Brain Health Research Program
Coordinator (the Coordinator) is part of BIRCO
and supports the mission of the EA as it relates to
neurological and neuropsychological health. The
Coordinator is a uniformed officer with experience
as a neurology consultant in a combat zone
who has held leadership roles at research and
clinical organizations within the military. These
credentials and background give the Coordinator
a unique and nuanced perspective on the DoD’s
brain health research needs.

The Need for Brain Health Research
Coordination
The field of brain health depends on a network
of specialists across multiple medical and nonmedical disciplines:
•
•
•
•
•
•
•
•
•
•
•
•

Neuroscience
Neurology
Trauma care
Primary care
Medical imaging
Computational modeling
Psychology
Psychiatry
Rehabilitation
Drug development
Nuclear medicine
Protective equipment development

These diverse efforts present a unique challenge:
comprehending the full scope of the state of
brain health research and clinical care guidelines
across the DoD is a tremendous undertaking.
The Coordinator helps the DoD to overcome
this challenge by facilitating information sharing
and partnerships among DoD organizations and
between the DoD and external organizations,
and the Coordinator helps all stakeholders
understand the numerous components of the
DoD actively involved in brain health research.
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BRAIN HEALTH IS MORE THAN
TRAUMATIC BRAIN INJURY
Traumatic brain injury (TBI) is an important
component of DoD brain health research,
but the field is inclusive of all brain
health-related topics important to the
Warfighter, like psychological health and
neurodegenerative disease.

In FY19, the Coordinator engaged in and
directed several activities to support the EA’s
responsibilities to disseminate brain health
research and clinical practice information, to
facilitate collaboration, and to promote information
sharing among scientists and clinicians within
the DoD, other federal agencies, academia and
industry, both inside and outside of the U.S.

Board and Advisory Roles
To support the EA’s mission to promote
information-sharing and facilitate collaboration,
the Coordinator serves in several research
leadership and advisory roles inside and outside
the DoD. The Coordinator is the appointed
DoD ex officio member of the National Institute
of Neurological Disorders and Stroke (NINDS)
National Advisory Neurological Disorders and
Stroke Council, which recommends support for
grant applications, provides recommendations
on policies and procedures affecting extramural
research, and advises on program planning and
concept clearance for NINDS initiatives. The
Coordinator is an advisory board member for
the University of Michigan Concussion Center,
which is working to have better relationships
and collaborations with local VA medical
treatment facilities in its region. As a member
of the Scientific Advisory Board for the National
Collegiate Athletic Association (NCAA)-DoD Grand
Alliance: Concussion Assessment, Research, and
Education (CARE) Consortium, the Coordinator
reviews updates from NCAA CARE Consortium
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principal investigators and researchers, and
participates in discussions on the issues that
face the DoD and the NCAA regarding mild TBI/
concussion research, clinical care, and policy.
The Coordinator was also an invited participant in
the Health Affairs/DoD and NCAA Mental Health
Task Force meeting, which explored parallels
between military Service members’ and collegiatelevel athletes’ mental health and established a
partnership similar to the DoD–NCAA partnership
for TBI. The Coordinator was an invited TBI expert
at the Moody Project Traumatic Brain Injury
Research Symposium II, at which participants
discussed TBI research outcomes, non-human
research models, statistical approaches, preclinical to clinical research translation needs, and
understanding mechanisms of injury. As an invited
participant, the Coordinator was active in the
International Initiative for Traumatic Brain Injury
Research (InTBIR) working groups that focused on
data management and analytics, fluid biomarkers,
policy, and imaging biomarkers.
Acting in these leadership and advisory roles
enables the Coordinator to identify knowledge and
research gaps pertinent to brain health and to
provide recommendations for research efforts and
clinical practices to close these gaps.

Collaborative Research and Clinical
Efforts
To support the EA’s responsibility to shape
research programs to fill blast injury knowledge
gaps, the Coordinator is involved in several large
brain health-related research studies. A notable
example is his role as a co-Primary Investigator for
the Chronic Effects of Neurotrauma Consortium
(CENC), a $62 million consortium, jointly funded
by the DoD and VA, organized in support of the
requirements from the National Research Action
Plan (NRAP) on post-traumatic stress disorder,
other mental health conditions, and TBI. The
Coordinator also advises the Acute Effects
of Neurotrauma Consortium (AENC), which is
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modeled after, and distinct from, the CENC.
The AENC addresses the Warfighter’s need
in the early stages after a TBI/exposure from
either blunt or blast mechanisms, especially
in the initial military training environment. In
addition, the Coordinator continued as a coPrincipal Investigator of the Defense and
Veterans Brain Injury Center (DVBIC)-led PostTraumatic Headache Clinical Recommendation
Research Study. In 2016, DVBIC issued clinical
recommendations for the management of
headache following concussion. The aim of the
research study is to evaluate whether use of
the clinical recommendations improve care and
outcomes for the military population with posttraumatic headache.

blast-induced head trauma authored by the
Coordinator and BIRCO contract staff, titled
“Blast-Related Traumatic Brain Injury: Current
Concepts and Research Considerations.” The
manuscript informs TBI researchers of the
complexities of blast overpressure-induced
head trauma and its comparability to blunt
mechanisms of head trauma. Also discussed is
the potential for blast overpressure biomarkers,
the utility of future biodosimeters to link blast
exposure to health outcomes, and variables
that predict sustaining a head injury and/
or exacerbate psychological conditions. This
manuscript complements findings from recent
USAMRDC-sponsored SoS Meetings and
emphasizes that proposed future research should
be grounded in the current evidence-base.

In September 2019, the Journal of Experimental
Neuroscience published a scientific review of
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•

•
•
•
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Engagement with the Broader Brain
Health Community

•

The Coordinator promotes collaboration among
researchers and clinicians from various federal
government agencies, academia, and industry
through participation in meetings, conferences,
and symposia. At these events, the Coordinator
interacts with researchers and vendors who
are both familiar to the DoD and still seeking
routes to make contributions to DoD research
efforts. The information and the interactions
at these meetings enable the Coordinator to
inform research decision-making for the DoD, to
guide future industry/researcher presentations,
and to increase Program Manager/executors’
knowledge base of TBI research and policy. The
Coordinator also ensures that brain health-related
recommendations emanating from the BIRCOsponsored SoS Meetings are shared amongst
researchers, clinicians, policy-makers, and
senior leaders. This communication facilitates
the translation of findings into tangible results
that advance treatment of TBI, blast injury, and
neurodegenerative diseases.

•

In FY19, the Coordinator participated in several
impactful brain health-related meetings,
conferences, and symposia, including the
following:
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•
•

Third Workshop on Positron Emission
Tomography/Magnetic Resonance Imaging
(PET/MRI) Clinical Research Opportunities to
Impact Care for TBI in Veteran Populations
International Brain Injury Association’s 13th
World Congress on Brain Injury
Amyotrophic Lateral Sclerosis Finding a Cure
Annual Meeting
71st Annual American Academy of Neurology
meeting. The Coordinator was a co-author
on a CENC-led neuroimaging poster titled
Enhancing Neuroimaging Genetics through
Meta-Analysis (ENIGMA) Military Brain Injury:
Altered Subcortical Volume in Chronic TBI
Revealed by Meta-Analysis
Arrowhead Publisher’s 9th Annual Traumatic
Brain Injury Conference
Society of Nuclear Medicine and Molecular
Imaging Annual Conference
Neurotrauma 2019: the annual meeting of
the National Neurotrauma Society
Ludwig Maximilien University Concussion
Center. The Coordinator gave an oral
presentation on the clinical management
of post-traumatic headache, including
discussion of the DVBIC Clinical
Recommendation

Future Directions
BIRCO was established by the Commander,
MEDCOM, to coordinate blast injury-related
research efforts on behalf of the EA in support of
prevention, mitigation, and treatment solutions
for Service members impacted by blast injuries.
BIRCO will continue to uphold the EA’s Mission
Thrust Areas by sharing critical information on
knowledge gaps in blast injury research sourced
from collaborative efforts with researchers and
clinicians across domestic and global blast
injury RDT&E and operational communities. For
information on BIRCO activities in FY20 and
beyond, see Chapter 8.
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dvancements in blast injury prevention
and treatment for Service members
require close collaboration among
researchers, clinicians, engineers,
and other stakeholders domestically and
internationally. BIRCO participates in several
collaborative efforts of global scope and
interest, in which the best talent and technology
the world has to offer is leveraged for the
protection of Service members from blast injury.
These activities include ongoing leadership
of North Atlantic Treaty Organization (NATO)sponsored efforts to more precisely direct
mitigation strategies for blast injury and broadranging collaborations with India, Japan,
the Republic of Korea, and others to pool
scientific and technical expertise in blast injury.
Through BIRCO’s collaborative international
engagements, the U.S. shares and gains
knowledge and insights on blast injury research
with many other nations, improving our Service
members’ resilience against blast injury.

Science and Technology at NATO
Explosive weapons are a significant and
continuing source of casualties and injuries in
NATO operations. Recent advances in personal
protective equipment (PPE), in-theater medical
care, and rapid evacuation are increasing the
survivability of blast encounters. Survivors of
blast injuries commonly suffer from traumatic
brain injury (TBI), visual and auditory system
injuries, and extremity injuries resulting in
amputation of the limb(s). NATO advances blast
injury research through Science and Technology
(S&T) activities.
The Science and Technology Organization
(STO) is a NATO subsidiary body established
to meet the collective S&T needs of NATO
Nations and partner Nations. S&T activities
embrace scientific research, technology
development, transition, application and
field-testing, experimentation, and a range

NATO S&T BUSINESS
MODELS
1. Collaborative: NATO
provides a forum where
NATO Nations and
partner Nations elect to
use national resources to define, conduct,
and promote cooperative research and
information exchange.
2. In-house delivery: S&T activities conducted
in a NATO dedicated executive body,
having its own personnel, capabilities, and
infrastructure.

of related scientific activities that include
systems engineering, operational research and
analysis, synthesis, integration, and validation
of knowledge derived through the scientific
method. NATO conducts these activities through
two business models (see inset).
The Collaboration Support Office (CSO), one of
three executive bodies within the STO, provides
executive and administrative support to the
activities conducted within the framework of
NATO’s collaborative business model. The CSO
consists of six Technical Panels and one Group
(Table 3-1) focusing on different S&T areas.
TABLE 3-1: Six CSO Technical Panels and One Group
Collaboration Support Office
Acronym

Name

AVT

Applied Vehicle Technology Panel

HFM

Human Factors and Medicine Panel

IST

Information Systems Technology Panel

SAS

System Analysis and Studies Panel

SCI

Systems Concepts and Integration Panel

SET

Sensors and Electronics Technology
Panel

NMSG

NATO Modelling and Simulation Group
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Technical Panels and Groups, which drive S&T
collaborative model activities, are made up of
Technical Teams (TTs) of national representatives,
renowned scientists, engineers, and information
specialists. In addition to providing critical
technical oversight, the TTs provide a
communication link to military users and other
NATO bodies. The TTs conduct specific research
activities of defined duration and format including
task groups, workshops, symposia, specialists’
meetings, lecture series, and technical courses.

Since April 2008, BIRCO has participated in
several HFM Panel activities related to blast
injury (inset). These activities sought to develop a
greater understanding of the mechanisms of blast
injury and to translate scientific discoveries into
prevention, mitigation, and treatment measures.

The mission of the Human Factors and Medicine
(HFM) Panel, one of the six CSO Technical Panels,
is to provide the scientific and technological
base for optimizing health, human protection,
well-being, and performance of the Service
member in operational environments with
consideration of affordability. This mission
is accomplished by exchange of information,
collaborative experiments, and shared field trials,
and involves understanding and ensuring the
physical, psychological, and cognitive compatibility
among military personnel, technological systems,
missions, and environments.
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PREVIOUS NATO HFM ACTIVITIES
RELATED TO BLAST INJURY
• HFM-090: Test Methodology for Protection
of Vehicle Occupants against AntiVehicular Landmine Effects (2002–2006)
• HFM-175: Medically Unexplained Physical
Symptoms in Military Health (2008–2012)
• HFM-193: mTBI in a Military Operational
Setting (2009–2013)
• HFM-198: Injury Assessment Methods
for Vehicle Active and Passive Protection
Systems (2010–2013)
• HFM-207 Symposium: A Survey of Blast
Injury across the Full Landscape of Military
Science (2010–2012)

FIGURE 3-1: HFM-270 (RTG) Participating Nations

HFM-270 Research Task Group:
Framework for Modeling and
Simulation of Human Lethality,
Injury, and Impairment from
Blast-related Threats
The HFM-207 Symposium highlighted
requirements for biomedically-valid
computational models and simulations
of blast injury that incorporate both
biomechanical and physiological
responses. In other words, there is
a need to leverage computational
models to describe the blast threat,
the interaction of the threat with the
protection system, the interaction of the
protection system with the human, the
ultimate blast loading on the human (or
blast dose), and the spectrum of human
responses to the dose received, ranging
from impairment to injury to lethality.
BIRCO proposed a new Research
Task Group (RTG) leveraging previous,
ongoing, and planned blast injury
biomedical research and computational
modeling efforts among the participating
Nations. This HFM RTG proposal was
approved by the NATO STO in late 2015
and was designated HFM-270 (RTG) with
the kickoff meeting conducted in October
2016 and culminating with a final report
in 2020. The Program of Work was
finalized in early FY17 at the kickoff
meeting (Table 3-2). The BIRCO Director
and Deputy Director are DoD-appointed
members of this RTG who serve as
its Chair and Executive Secretary,
respectively. The RTG includes NATO
nations (the U.S., Canada, France,
Germany, The Netherlands, Turkey, and
the United Kingdom) and partner nations
(Israel and Sweden), as well as the
non-NATO affiliated South Africa (Figure
3-1).

UNITED STATES
Mr. Michael Leggieri, Chair
U.S. Army Medical Research and Development Command
Dr. Raj Gupta, Executive Secretary
U.S. Army Medical Research and Development Command
Dr. Amit Bagchi
Naval Research Center, Washington DC
Dr. Ibolja Cernak
University of Alberta Edmonton, AB

CANADA
Dr. Amal Bouamoul
Defence Research and Development Canada,
Valcartier
Dr. Thomas Sawyer
Defence Research and Development Canada, Suffield
Mr. Tyson Josey
Defence Research and Development Canada, Suffield
FRANCE
Dr. Philippe May
Armed Forces Biomedical Research Institute
GERMANY

Dr. Dan Bieler and Dr. Axel Franke
German Armed Forces Central Hospital, Koblenz
ISRAEL

Dr. Tomer Erlich, and Dr. Avraham Yitzhak
Trauma and Combat Medicine, Tel Aviv
THE NETHERLANDS

Mr. Mathieu Philippens
TNO Defence, Security and Safety, Rijswijk
SOUTH AFRICA

Mr. Thanyani Pandelani
Council for Scientific and Industrial Research, Pretoria
Mr. David Reinecke
Council for Scientific and Industrial Research, Pretoria
SWEDEN

Dr. Marten Risling and Dr. Mattias Skold
Karolinska Institutet, Stockholm

OBJECTIVE:

To develop a
multi-scale,
multi-resolution
computational
Framework to predict
human lethality, injury,
impairment, and
long-term health
effects across the
spectrum of
blast-related threats
and the development
of personal protective
armor, injury
diagnostics, combat
casualty care
techniques, and
rehabilitation tools.

TURKEY

Mr. Atil Erdik
OTOKAR
Dr. Pinar Huri
Ankara University, Ankara
Mr. Ilker Kurtoglu
FNSS Savunma Sistemleri A.Ş.
Dr. Levent Turhan
TÜBİTAK
UNITED KINGDOM

Dr. Emrys Kirkman and Dr. Sarah Watts
Defence Science and Technology Laboratory
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TABLE 3-2: HFM-270 (RTG) Program of Work
Activity
Workshop

Dates

Purpose

Host/Location

Meeting 1

Oct 5–6, 2016

HFM-270 (RTG) Kickoff

STO-CSO (Paris, France)

Meeting 2

Jan 10–12, 2017

Identify Elements of the Framework

U.S. (Fort Detrick,
Maryland)

Meeting 3

Jul 11–13, 2017

Scope Breadth of Existing Models

United Kingdom (Porton
Down, Wiltshire)

Meeting 4

Nov 7–9, 2017

Overview of Existing Computational
Models

The Netherlands
(Rijswijk)

Meeting 5

Mar 6–8, 2018

Overview of Existing Computational
Models

Germany (Koblenz)

Meeting 6

Jul 10–12, 2018

Apply Assessment Criteria to Existing
Computational Models

Canada (Suffield
Research Center, Alberta)

Meeting 7

Dec 3 –7, 2018

Finalize the Framework and Develop Blast
Scenarios

South Africa (Stellenbosch)

Meeting 8

Apr 2 – 5, 2019

Review Demonstration Results, Identify
Gaps and Finalize Dictionary, Technical
Activity Proposal, and Manuscripts

Sweden (Stockholm)

Meeting 9

Sep 3 – 6, 2019

Finalize All Deliverables

STO-CSO (Paris, France)

TABLE 3-3: HFM-270 (RTG) Topics
The objective of this RTG is to develop a
conceptualized Framework with component
computational models that is capable
of providing threat-to-outcome modeling
and simulation (M&S) of human lethality,
injury, and impairment in all blast threat
environments. The M&S capability that will
be enabled by the Framework will make
it possible to respond to anticipated and
emerging blast threats by rapidly developing
and testing novel blast protection concepts
in a virtual environment. This capability
could dramatically reduce the time and cost
required to develop, build, and live-fire test
prototype blast injury protection systems
and accelerate the delivery of effective
blast protective equipment to Service
members. Table 3-3 describes the topics
that are covered by HFM-270 (RTG).
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The HFM-270 (RTG) will develop the Framework for
creating and evaluating effective systems that protect
Service members from blast-related threats. The
topics to be covered include the following:
• Computational modeling of human lethality,
injury, and impairment from blast threats, in both
mounted and dismounted scenarios
• Previous, ongoing, and planned blast injury
biomedical research and computational modeling
efforts, and how these fit into overarching
frameworks for understanding mechanisms of
injury and development of protective systems
• Identification of the gaps that remain in the
mechanisms of blast-related injury and in
understanding how to adequately protect from
these injuries
• Survey of blast lethality, injury, and impairment
research infrastructure and identification of
cross-NATO research opportunities
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The HFM-270 (RTG) is developing six key products:
•

An extensive literature review which identifies
relevant, existing computational models
that may be appropriate for inclusion in the
Framework

•

A comprehensive list of modeling gaps
that can inform future investments in
computational model research and
development

•

A robust repository of information about
existing models and modeling capabilities
that will be available to the NATO and NATO
partner Nations

•

A comprehensive dictionary of M&S terms
that will enhance communication and
collaboration among the diverse communities
and disciplines needed to sustain and
advance the modeling capabilities enabled by
the Framework

•

A Technical Activity Proposal for a follow-on
RTG that will build upon the current RTG’s
efforts by developing a NATO standard for
M&S of human blast effects

•

Photo credit: NATO

Final report with Framework, gaps, and
recommendations (2020)

In FY19, the HFM-270 (RTG) members
participated in three in-person meetings. At
the December 2018 meeting in Stellenbosch,
South Africa, the RTG members reviewed 61
computational modeling papers identified by the
participating Nations, identified models that are
suitable for inclusion in the modeling Framework,
and aligned the identified models within the
Framework. During the April 2019 meeting at the
Karolinska Institutet in Stockholm, Sweden, the
RTG members developed a comprehensive outline
that will serve as the basis for the final NATO
technical report that will transmit the deliverables

specified in the RTG’s Program of Work. In the
September 2019 meeting at the NATO STO-CSO
in Paris, France, the RTG members reviewed and
edited initial draft chapters of the NATO technical
report on the RTG’s activities and agreed to a
timeline to finalize and staff the report with each
participating Nation.
This RTG’s three-year effort produced a
computational modeling Framework that lays
the groundwork for the development of a
comprehensive, threat-to-outcome computational
modeling capability that can support an agile
and streamlined approach to designing, testing,
and fielding blast protection equipment for
NATO Service members. The Framework
provides a comprehensive and logical structure
within which individual models can interact to
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produce the desired threat-to-outcome modeling
capability. It is unique because it reflects the
knowledge, perspectives, and needs of the diverse
communities and disciplines represented by the
RTG members. The RTG’s final report will be
completed and submitted through the Office of the
Secretary of Defense to the CSO by April 2020.

US-India Project Agreement on
Experimental and Computational
Studies of Blast and Blunt TBI
BIRCO continues to be a key player in the Defense
Trade and Technology Initiative, an international
partnership organized by the Under Secretary of
Defense for Acquisition, Technology, and Logistics
and the Indian Ministry of Defence, Defence
Research and Development Organization. Under
the U.S.-India Defense Trade and Technology
Initiative, BIRCO and the Military Operational
Medicine Research Program initiated a project
titled, “Experimental and Computational Studies
of Blast and Blunt Traumatic Brain Injury.” The
lead collaborative organizations are the U.S. Army
Medical Research and Development Command
(USAMRDC) and the Institute of Nuclear Medicine
and Allied Sciences (INMAS)- Defence Research
and Development Organization (DRDO), Ministry
of Defence, India. Other participants include
the Biotechnology High Performance Computing
Software Applications Institute (BHSAI), New
Jersey Institute of Technology (NJIT), Walter
Reed Army Institute of Research (WRAIR), Naval
Research Laboratory (NRL), Combat Capabilities
Development Command-Army Research
Laboratory (CCDC-ARL), Indian Defence Institute
of Psychological Research (DIPR), and Indian
Terminal Ballistics Research Laboratory (TBRL)
(Figure 3-2).

anatomically accurate head and brain models
for mTBI, and develop a master dose-response
curve using a field-validated blast injury animal
model. A mechanistic understanding of blastand blunt-related mTBI can inform validated
anatomically accurate computational models and
expedite identification, selection, and transition
of prevention and treatment strategies to clinical
trials to improve the design of PPE that could be
translated to the commercial defense industry.
Stated project objectives include:
•

•
•

•

FIGURE 3-2: Strategic international collaboration
for Warfighter health

This collaborative project is designed to utilize
expertise across the U.S. and Indian organizations
to develop, validate, and cross-validate a
computational model for animal blast-related
mild traumatic brain injury (mTBI), develop
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Develop and validate a blast injury animal
model for mTBI using imaging techniques and
histological procedures, as well as assessing
changes in behavior and cognition
Develop, validate, and cross-validate a
computational model for blast and blunt injury
Develop anatomically accurate head/brain
models for blast/brain injuries from clinical
and experimental data
Compare the blunt and blast data to develop a
scaling ratio
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During FY19, there were two Project Steering
Committee Meetings at which research progress
was reviewed and evaluated. The first was
held October 22–26, 2018 at INMAS in New
Delhi, India. The second occurred June 17–21,
2019 at WRAIR and at NJIT. The U.S. team at
these meetings included representatives from
USAMRDC, BHSAI (for the June meeting), WRAIR,
CCDC-ARL, NRL, and NJIT.

Project Steering Committee Meeting
and Training Workshop, October
22–26, 2018
The highlight of this meeting was leveraging the
collective expertise of the whole project team to
jointly conduct blast and blunt injury experiments
across multiple disciplines and analyze the results.
Performing experiments together promoted
concordance in protocols and methodologies
between investigators from different institutions,
which supported the goal of validating data across
laboratories to strengthen scientific findings.
These joint experiments involved replicating field
conditions of blast events using a shock tube,
including validation of the Friedlander wave
signature; replicating field conditions of blunt injury
using a weight drop model; and metabolomics
and immunohistochemistry studies of blast and
blunt TBI at 24 hours post-injury. Performing these
experiments yielded methodological discussion
points and data that were jointly analyzed and
examined during group break-out sessions.
Investigators also provided briefings on their
progress toward Project Agreement objectives
(see the Research Accomplishments section for
experimental details and results during FY19).
In a series of presentations on replicating field
conditions of blast injury, researchers discussed
the installation and calibration of a new NJITreplica shock tube at INMAS; critical features
of the NJIT shock tube design for reproducing
live-fire blast conditions; and the importance
of using common reporting standards of
multiple experimental variables associated

with pressure-time profiles to facilitate data
comparison and validation between laboratories.
The project team also reviewed findings on the
neuropathological consequences of blast injury,
demonstrating the roles of oxidative stress
and microglial activation in blood-brain barrier
permeability after blast exposure and metabolomic
analyses of select blast-exposed brain regions
using nuclear magnetic resonance spectroscopy.
These studies support a better understanding of
the mechanisms of cell and tissue damage after
blast exposure.
Replicating field conditions of blunt TBI and
understanding the pathophysiology of such
injuries was another major theme of the meeting’s
presentations. Briefings included updates on
the establishment of a dose-response curve
using the Marmarou weight drop model of
blunt TBI (Marmarou et al., 1994), results of
proteomic profiles analyses implicating oxidative
phosphorylation in blunt TBI pathology, and
neurobehavioral experimentation suggesting that
moderate blunt TBI reduces motor and short-term
memory performance while increasing anxiety/
depression symptoms. An additional presentation
provided a primer on conducting mTBI-related
neurobehavioral studies in rodents, focusing on
standard protocols and replicating results across
laboratories. To complement the rodent research
being performed, U.S.-India collaborators briefed
on magnetic resonance imaging (MRI) data being
gathered from patients with blunt impact TBI
within 10 days of injury to assemble clinical data
on neurological/cognitive sequelae and correlate
it with advanced structural and functional imaging
results.
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A major thrust of the Project Agreement is
leveraging animal experiments to inform
computational brain injury models that will
eventually scale to human TBI mechanisms.
To this end, a presentation described the
development of a rodent finite element model
guided by data gathered from intracranial
pressure sensors implanted in rat brains during
experimental blast exposure, and magnetic
resonance and micro-computed tomography
imaging to ascertain detailed structural data of
the rat. Another investigator detailed work to
develop interspecies correspondence (“scaling”)
rules between pig and human head models
through computational simulation of overpressure
scenarios using injury criteria in the published
literature. To further translate computational
modeling work to the operational environment,
research was presented on a simulation of the
effects of blast overpressure on a human head,
both with and without a helmet, to determine the
protective effect of this equipment.

Additional briefings from the project team included
an update on the auditory effects of repeated
low-level blast exposure, which suggested that
the acoustics of a blast event may contribute
to negative health effects; the potential use of
iron concentration as a quantitative biomarker
for the detection of TBI; and quantifying
occupational blast exposure of Warfighters and
law enforcement, with discussion of novel blast
protection concepts for Warfighters.

Project Steering Committee Meeting
and Training Workshop, June 17–21,
2019

The project team traveled to NJIT for the second
part of the Project Steering Committee meeting.
Representatives from the New Jersey state
government and NJIT leadership welcomed
the team and provided encouragement for the
collaboration. Building on the success and
benefits of the joint experiments conducted during
the October 2018 Project Steering Committee
meeting, investigators again worked together
on shock tube experiments to replicate blast
field conditions, and performed metabolomics,
proteomics, and immunohistochemistry studies of
blast and blunt TBI. Conducting joint experiments
and analyzing the resulting data minimizes
variation in experimental protocols between
investigators, which is critical for validating models
and results across locations.

The project team met in person again in June,
first at WRAIR then at NJIT, to review and discuss
progress toward the project objectives, conduct
joint experiments and data analysis, and plan for
the following six months of work (see the Research
Accomplishments section for experimental
details and results during FY19). At WRAIR, the
project team first discussed methods to induce
penetrating and closed-head TBI in animals
(e.g., fluid percussion, controlled cortical impact,

Briefings from the project team on replicating
blast and blunt injury in animal models included
INMAS successfully reproducing the blast injury
dose-response rat survival curve published by
NJIT (Mishra et al. 2016), providing validation
of these findings. Another presentation on this
topic featured evidence of brain injury correlating
with impulse in addition to peak overpressure,
suggesting the importance of reporting and

The project team agreed to exchange and follow
common protocols for all experiments conducted
at multiple locations to facilitate validation of
models and results. At the conclusion of the
meeting, the project team developed a plan for the
following six months to continue making progress
toward the project objectives.
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weight drop), and whether anesthesia produces
potentially confounding effects. This was coupled
with presented work on a blood-based biomarker
test analyzing changes in specific metabolites
which can distinguish between mild and moderate
TBI.
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considering impulse in blast-induced TBI studies.
Behavioral changes in rats with blunt TBI using the
Marmarou weight drop model were also reviewed,
including chronic anxiety-like behavior and deficits
in motor activity, balance, coordination, learning,
and memory – effects similar to those observed in
clinical populations. In addition, the project team
discussed the development of fluorescent gold
nanoclusters (AuNCs) that can act as pressure
sensors at the cellular level.
Presentations on blast injury pathology in rats
reviewed findings that matrix metalloproteinases
are linked to changes in oxidative stress and
blood-brain barrier permeability after blast
exposure.In separate work, pharmacological
inhibition of the oxidative stress response
mitigated metabolic changes in the brain after
blast exposure, further implicating oxidative stress
as an important contributor to the downstream
effects of TBI. Another investigator used timelapse two-photon imaging to study the spatial and
temporal patterns of microglial activation and

monocyte infiltration in moderate TBI, finding that
blood-borne monocytes enter the brain after blast
exposure and may be a target for addressing the
behavioral effects of injury. The team discussed
results demonstrating blood-brain barrier
permeability and chronic neuroinflammation after
exposure to repeated low-level blast that were
not present after exposure to a single low-level
blast; and histopathological evidence supporting a
direct cranial mechanism of injury rather than an
indirect thoracic surge mechanism for blast-related
TBI. This research helps illuminate mechanisms
of injury after blast exposure, with implications
for policy- and equipment-related Warfighter
protection strategies.
The project team also reviewed progress toward
computational brain injury models scalable
to human TBI mechanisms. They discussed
development of a high-fidelity rodent finite element
model that is valid for blast overpressures of 5
to 33 psi (35 to 230 kPa) and multiple spatial
orientations. Using a high-resolution finite element
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model of a helmeted head subjected to simulate
blunt impact loading, investigators determined
that the current U.S. military helmet lowers head
acceleration and reduces stress and strain in brain
tissue compared to a simulated head without a
helmet. Finally, investigators provided an update
on acquisition of MRI data from 100 human blunt
TBI cases and went through plans to correlate the
data with results from computational modeling
and simulation experiments.
The project team renewed their commitment to
exchange and to follow common protocols for
all experiments and enhance communication
between investigators. The group held panel
discussions on progress toward the overall project
objectives and affirmed plans for the following six
months of the project.

Research Accomplishments
The group achieved numerous research
accomplishments during FY19, many of which are
briefly described in the following sections.

Replicating Blast Injury
As mentioned previously, U.S. and Indian
laboratories developed identical shock tubes at
their respective sites to replicate blast-related
injury data across laboratories. This was done to
correlate the biomechanical properties of blast
overpressure to primary blast injury to the brain.
Rodents at each site were exposed to increasing
blast overpressure levels to create a crosslaboratory master dose-response curve based on
mortality that predicts the severity of TBI (mild,
moderate, severe, or lethal) in rodent models as
a function of blast overpressure intensity (Figure
3-3).
Specifically, a single shock wave below 10
psi (70 kPa) elicits no measurable changes,
between 10-26 psi (70–180 kPa) produces mild
to moderate TBI, and above 35 psi (240 kPa) is
lethal. Further information about this effort is
provided in Chapter 7 of this Report.

Blast Injury Pathology
Primary blast-induced TBI is a complex injury
that creates changes to the brain that are not
fully understood. Prior research has shown
that the blood-brain barrier is compromised in

FIGURE 3-3: A master dose-response curve for primary blast-induced TBI (left) was generated by comparing experimental
data gathered from two identical shock tubes, one from INMAS (top) and the other from NJIT (bottom).
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response to blast overpressure and oxidative
stress occurs within the same sub-acute postinjury timeframe. Work performed during FY19
replicated the findings that secondary blastinduced blood-brain barrier permeability results
from oxidative stress created by NADPH oxidase
(NOX) in brain vasculature. NOX1 levels were
elevated around the neurovascular cells, which
suggests that blast-induced blood-brain barrier
compromise is oxidative stress-dependent
in subacute stages of injury. This result was
confirmed when administration of a NOX inhibitor
(apocynin) significantly reduced blood-brain barrier
permeability. This work was published in Nature:
Scientific Reports (Kuriakose et al., 2019) and is
further discussed in Chapter 7 of this report.
To further describe the metabolic changes in
response to blast-induced TBI, rats were exposed
to moderate blast 26 psi (180 kPa) and whole
brain and brain samples were processed for
metabolite extraction at 1 day, 3 days and 7 days

post-injury. Changes were observed in metabolic
profiles of energy metabolism, membrane integrity,
and amino acid metabolism as a function of time
since injury (Figure 3-4). These changes were
demonstrated to be NOX-dependent when a NOXinhibitor significantly suppressed the metabolic
changes. These studies indicate that oxidative
stress contributes to blast-induced metabolomics
profiles.
Follow-up work showed increases in NOX-mediated
oxidative stress in the rat hippocampus and
thalamus 35 days after repetitive blast exposure
suggesting that oxidative stress is induced by
a repeated blast protocol and is sustained into
the chronic phase of TBI recovery. In addition,
microglial and astrocytic markers were found in
the frontal cortex, hippocampus, and thalamus
after the repeated blast exposure, indicating
neuroinflammation in multiple sites. The main
mechanism for chronic neuroinflammation
was identified to be the activation of NLRP3

FIGURE 3-4: Metabolic changes in whole brain samples analyzed 1 day, 3 days, and 7 days after moderate blast exposure.
ml, myo-inositol.
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inflammasome, a multiprotein complex when
activated, produces proinflammatory cytokines
IL-1β and IL-6. This NLRP3 inflammasome was
found to be mainly activated in microglia in the
chronic phase of inflammation (Figure 3-5).
As a complement to this work, the researchers
published the “Comprehensive Review of
Experimental Rodent Models of Repeated Blast
TBI” in Frontiers in Neurology (Skotak et al., 2019)
to examine the repeated blast-induced TBI models
in experimental use, characteristic similarities
and differences, and experimental outcomes and
endpoints. The authors analyzed the 34 studies
published to date and concluded by providing an
overview of histopathological findings in the acute,
subacute, and chronic phases after injury.

Replicating Blunt Injury
The impact acceleration model of diffuse TBI,
also known as the “Marmarou” weight drop model
(Figure 3-6), consists of a tall structure that drops
weights from varying heights between 25 cm
and 200 cm to induce increasing damage to the
brain. Collaborators measured the force of the

weight drop from each height and are developing a
validated blunt TBI survival curve in rats. This can
then be used to determine the protocol to induce
mild, moderate, severe, and lethal blunt head
injuries, and further examine the behavioral and
pathological consequences of such trauma. In
addition, blunt impact loading has been analyzed
with surgically-installed intracranial pressure
sensors to inform computational modeling of blunt
injury in the rat.

Blunt Injury Pathology
Although blunt injuries often coincide with blastinduced injuries (i.e., by secondary and tertiary
mechanisms), they do not necessarily co-occur,
nor do they always have the same physical impact
or symptomatology. It is therefore a valuable
endeavor to explore the extent to which the
pathology of blunt head injuries differs from that of
blast injuries.
The previously described Marmarou weight drop
model was utilized to induce closed-head blunt
injury and detailed analyses were performed.
A study using advanced methods to examine

FIGURE 3-5: NLRP3 protein expression in neurons following blast TBI. Double immunofluorescence image of NLRP3 (red) and

NeuN (green) showing localization of NLRP3 in neurons from hippocampus of control animals. Expression of NLRP3 in neurons
from hippocampus in animals 4h and 15d post-blast showing an increase in its content. Quantification of fluorescence intensity
of NLRP3 protein expression in neurons in hippocampus and thalamus at different time points display an early increase at 4h
and 24h which thereafter restored back to control levels. *, p < 0.05 vs. control (n = 5 in each experimental group)
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the proteome of rats with blunt TBI found TBIspecific protein biomarkers involving oxidative
stress, protein synthesis, inflammation, blood
coagulation, and synaptic vesicle degeneration.
In addition, metabolomic profile analysis revealed
promising blood-based molecules capable of
distinguishing between mild and moderate TBI.
Ongoing work will further elucidate the role of
blood-brain barrier permeability in moderate
blunt injury. Complementary behavioral work
was performed in animals following blunt TBI
induction via the Marmarou weight drop protocol.
In correspondence with clinical populations of
mild to moderate TBI, rats displayed anxiety-like
behavior and deficits in learning, memory, and
motor ability. The accuracy of these findings was
bolstered by replication across two laboratories.

To date, the U.S.-India Project Agreement
researchers have described blast injury as
a diffuse, multi-brain region biomechanical
injury with marked pathological alterations
including glial and neuroinflammatory changes.
Although blunt injuries elicit similar behavioral
consequences, they display a more focal injury
pattern in the brain. The different physiological
impacts of blast and blunt injuries are still being
examined and the resulting findings will better
inform computational models of combat-induced
TBI.

Blast Exposure Measurement
An embedded pressure sensor within the
brain of a human is impractical on numerous
levels, but information gathered from such
an internal blast sensor would be extremely

FIGURE 3-6: Diagram and photograph of Marmarou’s weight drop model of blunt TBI.
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valuable to expanding researcher knowledge on
the pathophysiology of blast-related TBI. Recent
material systems advances have shown that
blast pressure-sensitive AuNCs may be used as a
future noninvasive blast pressure sensor in animal
models. Successful synthesis of fluorescent
nanoclusters in human and rat glial cells, human
embryonic kidney cells, and rodent astrocytes has
been demonstrated, and fluorescence intensity
has been shown to increase with blast pressure.
The future construction of a pressure-fluorescence
intensity master curve is a necessary step toward
a real-time in vivo pressure indicator.

Rodent Blast Modeling

scaling ratio can begin to be developed. In
recent work published in Annals of Biomedical
Engineering (Townsend et al., 2019), researchers
surgically inserted cannulas into left and right
ventricles of the rat to measure intracranial
pressure during primary blast exposure. A
finite element model of the rat was generated
to simulate blast exposure and compare the
intracranial pressure and maximum principal
strain in several brain regions. It was shown that
the numerical and experimental models can be
compared directly and that the blast wave does
not transmit evenly through the brain (Figure 3-7).
Further information about this effort is provided in
Chapter 7 of this report.

Computational models of blast-related TBI in
the human are difficult to validate because
matching surface pressures on head and neck
surrogates or cadaverous tissues have inherent
practical limitations. However, if a robust rodent
computational model is established and validated
with experimental procedures, an interspecies

The project team used computed tomography (CT)
images of a rat brain to initiate creation of a threedimensional finite element model of the rat face,
skull, and brain. Of particular importance was
the inclusion of cerebral vasculature – including
vessels and penetrating arteries – which are

FIGURE 3-7: Excellent fidelity was demonstrated when numerical simulations were validated against experimental
intracranial measurements at two locations.
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often neglected components of blast-related
TBI computational models. Using the developed
model, the researchers characterized the
biomechanical responses of the rat brain by
computing pressures, stresses, and strains when
exposed to a simulated blast wave and found that
the inclusion of cerebral vasculature substantially
influenced brain strain. This work was
published in Annals of Biomedical Engineering
(Unnikrishnan et al., 2019).
Further work has explored the impact of torsoonly blast exposure on the cerebral vasculature
to investigate the indirect thoracic mechanism
of blast-related TBI, by which blast overpressure
can damage the brain and induce neurological
sequelae through transmission of pressure from
the blast wave through the thorax. Increased
mass-flow rate and maximum wall-shear-stress
were observed after torso-only blast and the
cerebral artery bifurcations were especially
susceptible to shear-related injury.
Complementary work to understand the indirect
thoracic mechanisms of blast-related TBI was
performed by exposing rats to either head-only or
whole-body blast, then assessing and comparing

the associated neuropathological changes.
Results suggest that direct cranial transmission
of the blast is the main contributor to changes in
the brain. Further information about this effort is
provided in Chapter 7 of this report.

Interspecies Correspondence
The current blast-induced TBI research
environment values experimental animal models
because of the countless methods to measure
physiological and cognitive changes. Despite
the benefits of using animal models, animal
work is resource- and time-intensive and the
results cannot be reliably or consistently scaled
to predict blast-related neurotrauma effects in
humans. Computational models of blast-induced
TBI can overcome many of these challenges,
especially if the simulations are validated with
experimental animal work. Researchers at NRL
published two related studies in which highresolution medical imaging (CT and MRI) of a
human head and full body of a Yucatan pig were
used to inform the creation of finite element
models that were validated against blast-related
TBI experiments available in the current scientific
literature. Results indicated that identical blast
exposures of the human and pig elicit injuries

FIGURE 3-8: Medical images of the human and pig informed finite element models (left). Identical blast conditions
simulated in the human and pig models yielded differences in regional and total brain volume loading (right).
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in different brain regions and at different insult
levels (Figure 3-8). However, statistical modeling
of blast parameters and total injured brain
volume still allowed the researchers to develop a
correspondence between the species. This work
was published in Military Medicine (Saunders et
al., 2019a) and Annals of Biomedical Engineering
(Saunders et al., 2019b).

Neuroimaging of Human Blunt TBI
Experimental models of TBI in animals such as the
rat and pig have been used to inform anatomically
accurate computational models which can scale
to predict human pathological changes. However,
TBI cannot be ethically induced in humans, so

further validation of human computational models
necessitates researching patients who present
to medical facilities with TBI. To this end, U.S.India collaborators used the case of a male
pedestrian who sustained a TBI during a road
traffic accident after which extensive post-accident
MRI analyses were conducted. The accident was
reconstructed using a high-fidelity computational
modeling approach to reproduce the anatomical
structures and elasticity in response to the
injurious blunt deformation. Correspondence
between the computed shear stress and strain
and medical imaging, particularly at the blunt
impact site (Figure 3-9), provides a practical
validation mechanism on which future work can

FIGURE 3-9: MRI of the pedestrian TBI case (top left) and computer-modeled deformation (top right), shear stress (bottom
left), and shear strain (lower right). Note the impact site toward the bottom left of each image.

Medical Image:
T1 Weighted CSF block

Shear Stress
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Deformation

Shear Strain

be built, further augmenting the understanding of
blunt TBI. This work was published during FY19 in
ASME 2018 International Mechanical Engineering
Congress and Exposition (Tan et al., 2019), but
the relationship between medical imagery and
computational models of blunt TBI is still being
studied.
Additional research of human blunt TBI populations
continued in FY19 by recruiting a total of 100
mild or moderate TBI patients, all within 10
days of their injuries. Advanced structural and
functional MRI techniques were used to gather
post-injury brain images which were correlated with
cognitive performance and neurological function.
Connectivity in various brain networks was found to
be inversely correlated with TBI symptomatology.

Way Forward
As a result of these and other achievements,
the U.S.-India Project Agreement is on course to
achieve its major research goals by April 2020,
and both the Office of the Secretary of Defense
and the Indian Defence Research Development
Organization are interested in building upon the
successes of this project by initiating a new phase
of the effort.

International Forum on Blast Injury
Countermeasures
BIRCO has been collaborating with the National
Defense Medical College (NDMC) of the Japan
Self-Defense Forces (JSDF) since 2016 via the
Japan-U.S. Technical Information Exchange
Forum on Blast Injury (JUFBI). JUFBI brought
together BIRCO, NDMC, the Tokyo University of
Agriculture and Technology, USAMRDC, and U.S.
Army Research, Development, and Engineering
Command in two productive discussions in
2016 and 2017. The purpose of these forums
was to bring together blast injury researchers
and clinicians from the U.S. and Japan to share
expertise, experience, and endeavors for solving
blast injury problems of mutual interest; for

identifying knowledge gaps; and for encouraging
collaborative research opportunities that lead to
improvements in prevention, clinical diagnosis, and
treatment of blast-related brain, lung, and auditory
injuries. Significant interactions through JUFBI
continued in FY18, including three blast injury
research information exchange meetings in Tokyo,
co-organized and attended by the BIRCO Director
and Deputy Director.
To build on JUFBI’s success, both sides agreed
that forums should be open to all interested
nations and changed the name of the collaboration
to the “International Forum on Blast Injury
Countermeasures (IFBIC).” BIRCO organized the
first IFBIC held May 8–10, 2019 in McLean, VA,
which was attended by representatives from the
U.S., U.K., Australia, Canada, Germany, Japan, and
South Africa. At this forum, participants shared
information about ongoing research efforts,
identified knowledge gaps, and facilitated research
collaboration to improve prevention, diagnosis,
and treatment of blast injuries. Presentations
addressed many blast injury research topics
including TBI, underbody blast, wound infections,
auditory injury, computational modeling, and blast
exposure monitoring. At the conclusion of the
meeting, the IFBIC Organizing Committee convened
to discuss outcomes of IFBIC 2019 and to initiate
planning for IFBIC 2020, which the NDMC will host
in Tokyo in May 2020. The IFBIC effort leverages
the expertise of U.S. allies to efficiently promote
the development and fielding of blast injury
prevention and treatment strategies.
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MHS BLAST INJURY
PREVENTION STANDARDS
RECOMMENDATION PROCESS

CHAPTER 4: MHS BIPSR PROCESS
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weapon system Health Hazard Assessments
Executive Agent (EA) for Medical
(HHAs), combat platform occupant survivability
Research for Prevention, Mitigation,
assessments, and protection system
and Treatment of Blast Injuries
development and performance testing (Figure
the responsibility to “provide medical
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recommendations with regard to blast injury
prevention, mitigation, and treatment
Designed to address the above requirement,
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the MHS Blast Injury Prevention Standards
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Assistant Secretary of Defense for
Recommendation (BIPSR) Process is
Health Affairs (ASD(HA)).” The term
the DoD’s first unbiased, inclusive,
“Military Health System (MHS)
stakeholder-driven process designed to
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Blast Injury Prevention Standard”
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and assess the suitability and
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is defined as a “biomedically-valid
applicability of existing candidate standards
description of the physiologically- or
and to recommend standards that meet DoD
biomechanically-based injury and performance
Stakeholder needs with a suitable level of
response of a human to blast insults.” The
validity, rigor, precision, and confidence.
standards can range from simple doseresponse curves and injury thresholds that
The BIPSR Process has two major objectives.
address single components of blast insults,
The first is to identify existing biomedicallysuch as peak force, to complex algorithms and
valid candidate standards for immediate use by
computational models that address multiple
the DoD. The second is to inform the research
components of blast insults, such as forcecommunity of gaps where no suitable candidate
time history. Candidate standards include
standards exist. The BIPSR Process is not a
injury thresholds, human injury probability
research program and does not develop new
curves, and injury prediction tools needed to
candidate standards. The BIPSR Process also
generate the information for informed trade-off
does not attempt to impose acceptability or
and risk acceptance decisions by appropriate
survivability requirements on the Stakeholder
decision makers in the Research, Development,
communities; rather, it seeks to ensure that
Test, and Evaluation (RDT&E), medical, and
the DoD uses the best available, scientifically
operational Stakeholder communities across
sound, and biomedically-valid standards that will
the DoD Components. These standards support
protect our Service members from blast injuries.

FIGURE 4-1: Blast Injury Prevention Standards Framework
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The BIPSR Process
The BIPSR Process is designed to identify and
objectively evaluate the details of available blast
injury prevention standards to determine their
suitability for use by the DoD in health hazard and
survivability assessments, as well as in protection
system development. The BIPSR Process can
be tailored for a specific mechanism of injury,
resulting in an objective set of recommendations
that can serve as the basis of a medical standard.
The BIPSR Process is designed to identify and
critically evaluate blast injury prevention candidate
standards and to recommend those that would
best serve as MHS Blast Injury Prevention
Standards to inform the DoD medical, test and
evaluation (T&E), materiel development, and
operational communities.
Core elements of the BIPSR Process include:
•

•
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BIPSR Process Stakeholders Committee:
A committee that defines the problem
statement and scenarios to be assessed,
identifies gaps in the current standard set,
drives implementation, and participates in all
major decisions throughout all phases of the
BIPSR Process.
 Focused Stakeholder Committee:
A subset of BIPSR Process Stakeholders
with expertise related to a particular
Blast Injury Type. They review existing
capabilities through a literature survey
using relevant keywords, identify subject
matter experts (SMEs), identify existing
candidate standards, define intended
uses, and identify gaps.
SME Panel: A broad-based, non-advocacy
panel whose members are drawn from
industry, academia, and government. The
SMEs have experience in the domain of
interest, development of the candidate
standard product (e.g., dose-response curve,
computational model), T&E, clinical medicine,
and independent verification and validation
(IV&V).
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•

Stakeholder-driven Consensus-Building
Meeting: A forum for Stakeholders, the
SME Panel, users, analysts, and candidate
standard developers to discuss the DoD’s
intended uses, gain context and scope
for the evaluation, and facilitate individual
interviews with developers to gain a detailed
understanding of candidate standard
capabilities and/or profiles.

The BIPSR Process is initiated by a literature
review that serves two purposes: identify existing
capabilities and standards pertinent to the injury
under evaluation, and compile a list of appropriate
experts who may serve on the SME Panel that
performs the evaluations. Once a list of candidate
standards has been defined, the iterative nature
of the BIPSR Process builds layers of information
about the capabilities of each candidate under
consideration.
The SME Panel conducts the initial evaluations,
giving balanced, objective, and knowledgeable
advice on the candidate standard’s suitability for
the DoD’s intended uses based on the available
information.
The list of candidate standards is narrowed based
on an evaluation against a set of defined criteria.
Information generated through the evaluation
process serves as the basis for a meeting
that provides a forum for Stakeholders (users,
analysts, and developers) to build consensus,
share information, and discuss the applicability
of a candidate standard to the DoD’s intended
use — potentially narrowing the list of candidates
that move forward in the evaluation process.
In some cases (e.g., for computational models),
the candidate standards undergo a detailed
examination of capabilities through a test process
focused on Stakeholder-defined test scenarios.
Once the test cases have been run, the results are
assessed using statistical tools. In the final step of
the BIPSR Process, the non-advocacy SME Panel
and BIPSR Process team conduct final evaluations,
develop standards recommendations for

discussion with the Stakeholders and community
at the Consensus Building Meeting, and prepare
process improvement recommendations.
Collaboration opportunities are integrated across
the BIPSR Process. As depicted in Figure 4-2,
the BIPSR Process consists of six fundamental
subprocesses supporting the overarching seventh.
Each phase in the BIPSR Process is designed
to leverage the information from the previous
phases, which builds layers of information about
the viability of the candidate standards. As a
result, the later subprocesses (V and VI) do not
necessarily occur in sequence but are iterated
as necessary to produce sufficient information to
support the recommendations. Table 4-1 contains
a high-level description of various activities that
take place in the subprocesses that make up the
BIPSR Process.
The timeline associated with the implementation
of the BIPSR Process is driven by the number of
candidate standards identified, the complexity
of the candidate standards, and the complexity
of the injury type. The BIPSR Process can be
tailored to support compressed, quick-turnaround
implementation that meets the need and critical
nature of specific Blast Injury Types.

The identification and prioritization of the injury
mechanisms fall outside the scope of the BIPSR
Process and are the responsibility of BIRCO and
BIPSR Process Stakeholders. The BIPSR Process
identifies, but does not resolve, capability gaps in
the current standards; these gaps are shared with
the DoD medical and non-medical science and
technology (S&T) communities.
BIRCO developed the BIPSR Process via a series
of BIPSR Process Stakeholders meetings and
obtained Armed Services Biomedical Research
Evaluation and Management (ASBREM) Committee
approval.
The Johns Hopkins University Applied Physics
Laboratory, a University-Affiliated Research
Center and DoD trusted agent, supported BIRCO
through the piloting of the BIPSR Process with an
evaluation and analysis of Toxic Gas Inhalation as
an exemplar. Currently, the MITRE Corporation, a
DoD trusted agent that operates a federally funded
research and development center, supports BIRCO
in the execution of the BIPSR Process by working
closely with BIPSR Process Stakeholders and SMEs
in the blast community.

FIGURE 4-2: BIPSR Process Pillars
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TABLE 4-1: BIPSR Process Pillar Activities
No.

Subprocess

Activities

I

Review Existing
Capabilities

• Engage Stakeholders and identify relevant standards for the injury criteria
through a systematic literature survey
• Establish a broad-based, independent review panel (Focused Stakeholders)
• Poll the community by issuing a request for information (RFI)

II

Develop Data Collection
Mechanisms

• Develop standardized evaluation and information templates
• Conduct frequent panel meetings to establish review criteria

III

Develop Evaluation
Criteria

• Define scenarios and evaluation metrics
• Hold a consensus-building meeting

IV

Evaluate Candidate
Standards

• Conduct an interactive set of evaluations with the SME Panel and developers

V

Host Meeting

• Hold a consensus-building meeting for Focused Stakeholder Committee to
share information

VI

Derive and Execute Test
Cases

• Involve users and Stakeholders in the development of scenario-based test
cases and execute the tests for the identified candidate standards (where
applicable)

VII

Develop Recommendations
and Evaluate Process

• Produce a report that recommends standards for BIRCO consideration as the
basis for MHS Blast Injury Prevention Standards
• Recommend improvements to the BIPSR Process

BIPSR Process Improvements
To expedite the timeline required for the evaluation
of MHS BIPSR Process Blast Injury Type, BIRCO
developed the BIPSR Process simulation model
using the business process modeling notation
standard. This standard modeling methodology
graphically represents the BIPSR Process activities
and facilitates quantitative and qualitative analysis
via simulation.
As BIPSR Process milestones are reached
with each Blast Injury Type under evaluation,
and through feedback from the Stakeholders,
modifications and improvements to the BIPSR
Process are considered and evaluated for
implementation.
In addition, the development and implementation
of a web-based collaboration environment known
as interactive BIPSR (iBIPSR) was initiated to
enhance information sharing in real time and to
further reduce the timeframe to complete the
BIPSR Process for each of the remaining MHS
BIPSR Process Blast Injury Types.
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BIPSR Process Stakeholders Committee Meeting
#6, coordinated by the MITRE Corporation, took
place on December 11, 2018. The overall meeting
objectives were to review the outcomes of the
previous BIPSR Process Stakeholders Committee
meetings; present updates on the BIPSR Process
evaluations of two Blast Injury Types—Auditory and
Dermal Burns; provide updates on the development
of the iBIPSR capability; describe the results of the
reprioritization effort for the remaining Blast Injury
Types; and provide Stakeholders an opportunity for
discussion.
The BIRCO Director and Deputy Director hosted the
meeting. Participants included representatives
of the medical, T&E, materiel development, and
operational communities and the Army, Air Force,
Navy, and Marine Corps.
Following the formal briefings, Ms. Rachel Spencer,
contractor supporting BIRCO, reviewed the next
steps in the BIPSR Process: continue the BIPSR
Process SME Panel evaluation for the Auditory

Photo credit: Sgt. Jesse Houk/U.S. Army

Blast Injury Type, continue the BIPSR Process for
the Dermal Burns Blast Injury Type, and pending
Stakeholder approval, initiate the BIPSR Process
for the remaining Blast Injury Types in the new
rank order as determined by the reprioritization
effort.

iBIPSR Capability
The iBIPSR capability has foundations in
collaborative semantic web technology, an
information synthesis technology well-suited
for large, collaborative, multi-user information
sharing and decision-making efforts. The iBIPSR
site is an online forum developed to enhance
information sharing among blast injury experts.
The standard wiki format has been enhanced
with user-friendly user interfaces, built-in help
capability, and an internal feedback mechanism
to allow users to report inconsistencies and
suggest enhancements.

iBIPSR relies on commercial off-the-shelf (COTS)
software and MITRE-developed extensions.
The site now follows the COTS upgrade cycle to
remain current and improve the security posture.
iBIPSR supports BIRCO’s EA mission to leverage
existing knowledge and foster collaboration
among academia, industry, international
partners, and government organizations by
providing a platform for continuous participation
throughout the BIPSR Process, with the collected
wisdom residing on iBIPSR for maximum
collaboration.
As shown in Figure 4-3, the iBIPSR capability
supports a variety of users engaged in planned
collaborative interactions between and among
BIPSR Process Stakeholders, SMEs, BIRCO, and
the MITRE team.

CHAPTER 4: MHS BIPSR PROCESS

79

FIGURE 4-3: BIPSR Process Supported by the iBIPSR Site
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Additionally, the iBIPSR capability offers
transparency by capturing and managing
Stakeholder organizations’ knowledge gaps and
needs to facilitate understanding through nearreal-time communication among participants. The
MITRE team has developed the iBIPSR capability
using best practices, established standards, and
user input. iBIPSR will continue to evolve through
user input to ensure it meets the knowledge goals
of the mission.

develop and improve site features. Ultimately,
BIRCO anticipates that all BIPSR Process
Stakeholders and designated SMEs will use the
iBIPSR capability.
TABLE 4-2: The Power of the iBIPSR Site
The iBIPSR site is well-suited to large,
collaborative, multi-user information sharing and
decision-making:
• Leverages existing knowledge

Power of iBIPSR
The iBIPSR capability represents a novel way
to shorten the timeline of the BIPSR Process
without sacrificing decision quality (Table 4-2).
Following initial enrollment of the Auditory
Focused Stakeholders, the iBIPSR capability
has been improved by expanding the user base
and dynamically incorporating user feedback to
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• Utilizes technology to foster continuous
collaboration
• Removes obstacles to participation (e.g., travel and
scheduling)
• Allows for broad engagement in the process with
access to information used in all stages of the
BIPSR Process

FIGURE 4-4: Categorization of MHS BIPSR Process Blast Injury Types by Body Region
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Through a series of initial BIPSR Process
Stakeholder Meetings hosted by BIRCO, BIPSR
Process Stakeholders categorized a total of 14
MHS BIPSR Process Blast Injury Types based on
specific body regions (Figure 4-4). This represented
a shift from an older classification of injury types
that referred to individual organs and bones (as
described in a 1989 report from the Walter Reed
Army Institute of Research).
To initially identify the needs of the DoD, the BIPSR
Process team applied a mathematical methodology,
using Stakeholder inputs, to establish a priority
ranking of the Blast Injury Types that determined
the initial order for executing the BIPSR Process.
This Blast Injury Type prioritization methodology
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assessed and rated each MHS BIPSR Process Blast
Injury Type against six Evaluation Factors that were
developed by the BIPSR Process Stakeholders and
are defined in Table 4-3. As of FY19, the Lower
Extremity, Spine and Back, and Upper Extremity
Blast Injury Types are complete, and the BIPSR
Process has been initiated for the Auditory and
Dermal Burns Blast Injury Types.

that had been developed and used in the initial
prioritization effort (Table 4-3). The Evaluation
Factors and scoring scales used in the MAUT
methodology provide a framework for capturing
subjective assessments to support an objective and
unbiased decision-making process.

To ensure the current needs of the operational
environment and the DoD are being met, BIRCO has
performed a reprioritization effort for the remaining
nine MHS BIPSR Process Blast Injury Types: Ocular,
Face, Neck, Thorax, Abdomen, Pelvic/Urogenital,
Skull Fracture, mTBI, and Moderate to Severe TBI.
The reprioritization effort applied an established
mathematical analysis technique, multi-attribute
utility theory (MAUT), a widely used, widely accepted
methodology for guiding tradeoffs among multiple
objectives.

Over the course of the effort, the MITRE team
assessed the Blast Injury Types based on the
Evaluation Factors by conducting extensive literature
reviews to determine the maturity of the science and
establish the resources required for rehabilitation,
performing research to establish the impact on
operational readiness, and evaluating resources for
medical treatment. The MITRE team also worked
with the Joint Trauma Analysis and Prevention of
Injury in Combat (JTAPIC) to establish the relative
prevalence and severity of each Blast Injury Type and
collaborated with medical SMEs to analyze data on
disability percentages.

This reprioritization effort again assessed the
remaining MHS BIPSR Process Blast Injury Types
against the six BIPSR Process Evaluation Factors

BIPSR Process Stakeholders provided inputs to the
reprioritization process to ensure that the results
reflect current DoD priorities.

TABLE 4-3: BIPSR Process Evaluation Factors
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Evaluation Factor

Description

Impact on Operational Readiness

The time for a Service member to return to duty.

Blast Injury Prevalence Rate

The number of cases of a given Blast Injury Type expressed as a percentage of the
total number of blast injuries.

Treatment Resources

Roles of medical treatment, which are the distribution of medical resources and
capabilities to provide Service member’s medical care.

Maturity of the Science

Determined by the existence of established standards (e.g., Military Standard
(MIL-STD)-1474E Noise limits design criteria) or, in the absence of established
standards, by the degree to which biomedically-valid injury mechanisms have
been published in the peer-reviewed scientific literature, or by the development
and application of assessment methodologies based on the established injury
mechanisms to assess injury risks.

Rehabilitation Resources

Resources required to support a Service member's rehabilitation beyond
immediate treatment resources and may include therapy, pharmaceuticals, or
devices needed to reset for quality of life.

Disability Percentage

Designated percentage assigned to an injury type when calculating disability benefits.
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In the final step of the exercise, a score was
calculated, using the MAUT methodology, for each
Blast Injury Type, resulting in a new rank order.
BIRCO shared the results of the reprioritization
exercise at the BIPSR Process Stakeholder
Committee Meeting #6 on December 11, 2018.
Table 4-4 shows the new recommended order for
initiating future MHS BIPSR Process Blast Injury
Types.
TABLE 4-4: Recommended Order for Initiating
Future Blast Injury Types
Blast Injury Type

New Rank Order

Skull fracture

1

Pelvic/urogenital

2

Moderate/severe TBI

3

Thorax

4

Abdomen

5

Mild TBI (mTBI)

6

Face

7

Neck

8

Ocular

9

Update on Implementation of the
BIPSR Process for MHS BIPSR
Process Blast Injury Types
BIPSR Process for the Auditory Blast
Injury Type
The BIPSR Process for the Auditory Blast Injury
Type is in progress and is being used as an
exemplar to prove out the iBIPSR capability. As
part of the initial steps of the BIPSR Process, the
MITRE team completed the Existing Capabilities
Review of the Auditory Blast Injury Type:

performing an in-depth literature survey, posting
a request for information (RFI) on the Federal
Business Opportunities (FedBizOpps) website, and
interviewing SMEs from industry, academia, and
government agencies. BIRCO also established
the Auditory Focused Stakeholder Committee,
thus far comprising 14 members representing the
Army, Navy, Air Force, Marine Corps, Department
of Veterans Affairs, and the materiel development,
operational, T&E, and medical communities of
interest. The Auditory Focused Stakeholder
Committee members drive all major decisions for
the BIPSR Process Auditory Blast Injury Type.
During the second Auditory Focused Stakeholder
Committee Meeting in FY16, participants
concurred with the MITRE team’s recommendation
to continue the BIPSR Process for the Auditory
Blast Injury Type by convening a SME Panel of
auditory experts to independently evaluate the
existing capabilities.
BIRCO subsequently supported the assembly of
the BIPSR Process Auditory SME Panel whose
members are drawn from industry, academia,
and government. Aligned with the BIPSR Process,
these SMEs have experience in the domain of
interest, development of the candidate standard
product (e.g., dose-response curve, computational
model), T&E, clinical medicine, and IV&V.
The first meeting of the BIPSR Process Auditory
SME Panel took place on September 19–20, 2017.
During this meeting, the MITRE team introduced
the SME Panel to the BIPSR Process, iBIPSR, and
the findings to date. After this introduction, the
MITRE team worked with the SME Panel to revise
the Intended Uses of a Candidate Standard (which
were provided by the Stakeholders) and Evaluation
Criteria in preparation for the independent
Candidate Standards evaluation.
The second meeting of the BIPSR Process Auditory
SME Panel was held on February 27, 2018.
During Meeting #2, the MITRE team reviewed
the Candidate Standard Evaluation Methodology,
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and the SME Panel discussed and updated the
Evaluation Factors. At the end of the meeting, the
MITRE team provided information about the next
steps in the BIPSR Process, including finalizing the
Evaluation Factors.
During SME Panel Meeting #3 on July 31–August 1,
2018, the Panel reviewed its activities to date; the
Evaluation Methodology and Findings, Evaluation
Criteria, and Candidate Standards; and finalized the
evaluation materials. The SME Panel discussed
topics influencing the relative importance of different
Evaluation Factors and discussed information that
would be needed about the Candidate Standards in
order to complete the evaluation. The SME Panel
established the weights and scoring levels that
would be used to evaluate the Candidate Standards.
The fourth meeting of the SME Panel was held on
November 27–28, 2018 and was followed by a series
of six teleconference calls. Discussion during these
meetings included detailed reviews of Candidate

Standard information collected from the literature
and in coordination with Candidate Standard
Developers/Champions Test Cases, and datasets.
The Panel reviewed Candidate Standard Information
for 14 Candidate Standards and identified questions
for clarification from the Candidate Standard
Developers/Champions. Candidate Standard
Developers/Champions provided written responses
to the SME Panel, that were discussed at the
following SME Panel teleconference meeting. The
culminating result of these meetings was the
completion of the Candidate Standard Information
Documents on August 9, 2019.
Discussion of datasets and Test Cases resulted in
the development of a list of datasets and the SME
Panel Usability Assessment Activity to investigate
Candidate Standard usability and identify instances
of high variability in predicted allowable number of
rounds between Candidate Standards, which could
be used to prioritize future research.
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BIPSR Process for Dermal Burns
Blast Injury Type
The BIPSR Process for the Dermal Burns
Blast Injury Type has been initiated per
the recommendation of the BIPSR Process
Stakeholders, and following the initial steps of the
BIPSR Process, the Existing Capabilities Review
is in progress. Early activities included literature
review and the identification of potential SMEs for
interviews.
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Next Steps for Auditory Blast Injury Type
The next steps of the BIPSR Process include the
SME Panel evaluating the Candidate Standards
using the Evaluation Factors and the Candidate
Standard Information template, then applying
MAUT to analyze the information. BIRCO projects
the next SME Panel Meeting to be in Q1 FY20.
The planned agenda includes discussion of the
findings from the Candidate Standards evaluation.
Following these steps, the SME Panel will develop
and execute a draft recommendation. In the final
steps of the BIPSR Process, BIRCO will host a
Consensus Building meeting with Stakeholders,
Candidate Standard Developers/Owners, and
government SMEs to allow for discussion and
further investigation of the recommended actions.

86

CHAPTER 4: MHS BIPSR PROCESS

Next Steps for Dermal Burns Blast Injury Type
Following the SME interviews, which will ensure
a thorough understanding of the current state of
the science, DoD Stakeholders will be invited to
convene the Dermal Burns Focused Stakeholder
Committee, which will drive the activities and
decisions of the BIPSR Process. Once convened,
the Focused Stakeholders will issue an RFI relating
to potential injury prediction/simulation standards
to ensure a broad canvassing of the community.
Interviews with Focused Stakeholders following
Committee Meeting #1 will provide their Intended
Uses for an MHS Blast Injury Prevention Standard
for Dermal Burns. An analysis of the Intended
Uses against identified Candidate Standards will
inform the next steps in the BIPSR Process.

Way Forward
In the coming year, BIRCO plans to organize
and host a Consensus Building Meeting for
the Auditory Blast Injury Type. This meeting
is the culmination of the Auditory Blast Injury
Type evaluation of MHS Auditory Blast Injury
Prevention Candidate Standards identified through
the BIPSR Process. Following the steps of the
BIPSR Process, after the SME Panel members
independently evaluate the Candidate Standards,
BIRCO expects to further evaluate Candidate
Standards through an independent T&E process,
resulting in recommendations by the SME Panel.
The subsequent Consensus Building Meeting with
BIPSR Process Stakeholders, Candidate Standard
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developers and champions, government, academia,
and industry SMEs will provide an opportunity to
discuss the recommendation and next steps.
To enhance BIPSR Process capabilities, BIRCO
plans to incorporate lessons learned from provingout the iBIPSR capability using the Auditory Blast
Injury Type as an exemplar. BIRCO provided iBIPSR
access to the Auditory Focused Stakeholders, as
well as the SME Panelists, and plans to expand
access to Stakeholders in FY20. BIRCO anticipates
moving forward with the iBIPSR capability on future
BIPSR Process Blast Injury Type evaluations.
BIRCO plans to establish the Dermal Burns Focused
Stakeholder Committee to drive the Dermal Burns
BIPSR Process activities. Focused Stakeholders
will identify Intended Uses and Requested
Functionalities for an MHS Dermal Burns Blast
Injury Prevention Standard.

Following the steps of the BIPSR Process, literature
review and interviews with SMEs from government,
academia, and industry will guarantee a thorough
understanding of the current state of the science.
Ultimately, the knowledge gaps revealed, and
the recommendations developed through the
BIPSR Process will enable the DoD to apply MHS
Blast Injury Prevention Standards that support
weapon system HHAs, combat platform occupant
survivability assessments, and protection system
development and performance testing. The S&T
knowledge gaps identified for these MHS BIPSR
Process Blast Injury Types will be shared with
the medical research community to inform the
development of future MHS Blast Injury Prevention
Standards.
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GUIDELINES FOR CONDUCTING
HEALTH HAZARD
ASSESSMENTS OF EXPOSURE
TO BLAST OVERPRESSURE
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T

he primary objective of the U.S. Army
Health Hazard Assessment (HHA)
Program, as established in Army
Regulation 40-10, is to identify and
assess health hazards associated with materiel
system life cycle management and to provide
recommendations to capability developers
(CAPDEVs), materiel developers (MATDEVs), and
training developers to eliminate or control the
health hazards inherent in weapon platforms,
munitions, equipment, clothing, training devices,
and other materiel systems. The Army’s effort to
eliminate health hazards from materiel systems
links the HHA Program with Army warfighting
capabilities and performance. Specific HHA
Program objectives include:

and control of occupational health-related
concerns associated with materiel fielding and
ultimate disposal. The HHA Report (HHAR) may
include recommendations to include Soldiers in
medical monitoring programs comprising hearing
conservation, blast overpressure (BOP) monitoring,
and blood lead-level monitoring. Post-fielding
testing is coordinated with the U.S. Army Public
Health Center (APHC) for those systems or items in
which unresolved health hazard issues exist. Any
modifications, product improvements, or upgrades
to existing systems may require an updated HHAR.
System changes may or may not adversely affect
system-related health hazards; therefore, the
HHA Program determines if an updated HHAR is
required.

1. Preserving and protecting the health of
individual Soldiers
2. Reducing degradation of Soldier performance
and enhancing system effectiveness
3. Removing health hazards from systems
by design to eliminate the need for health
hazard-based retrofits
4. Reducing the number of readiness
deficiencies attributable to health hazards,
thus reducing training or operational
restrictions
5. Reducing personnel compensation claims by
eliminating or reducing injury or illness caused
by health hazards associated with the use and
maintenance of Army systems
6. Eliminating or controlling occupational health
hazards attributable to Army systems
7. Estimating medical, lost time, disability,
fatality, and training replacement costs that
may be avoided as a result of implementing
HHA Program recommendations

The Surgeon General of the Army has expanded
the APHC’s Industrial Hygiene Program Mission to
include a process for evaluating Soldier exposure
to potential sources of occupational health
hazards during field training and deployment
environments. This post-fielding evaluation is the
Soldier (Service member) Occupational Health
Assessment (SOHA). Developing the SOHA
Program was in response to DoD Directive (DoDD)
6490.2. The SOHA Program does the following:

The formal HHA activities conclude when the
system has become type-classified and has had
a successful materiel release. The MATDEV
considers the health hazard information generated
during the HHA process to support mitigation

1. Provides a comprehensive Industrial Hygiene
program to assess Soldier exposures to
potential hazards inherent in Army equipment,
deployments, garrison operations, and training
environments
2. Assesses Soldier occupational exposures
using quantitative, personal sampling
techniques and documents the findings in
the Defense Occupational and Environmental
Health Readiness System-Industrial Hygiene
3. Recommends actions to reduce potential
exposures to an acceptable level of risk, which
in turn will eliminate or reduce disease and
non-battle injury
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The HHA Program and the SOHA Program
complement each other to ensure Soldier-health
risks, resultant of operating and maintaining
military materiel, are identified and assessed
and then controlled, mitigated, or accepted at a
risk management level commensurate with the
risk level throughout the entire materiel lifecycle.
Section 734 (Sec. 734) of the National Defense
Authorization Act for Fiscal Year 2018 (FY18 NDAA)
directed the Secretary of Defense to conduct a
“Longitudinal Medical Study on Blast Pressure
Exposure of Members of the Armed Forces.” The
HHA Program and the SOHA Program are responding
to that directive by ensuring the completion
of occupational hazard assessments and
establishment of baselines for all Tier 1 Weapon

TIER 1 WEAPON SYSTEMS
50 Cal Weapons
M107 Sniper Rifle
M2A1 Machine Gun
MK 15
GAU 21

Shoulder Mounted
M3, MAAWS
M136, AT 4
M72, LAW

Indirect Fires Systems
Howitzer (all platforms to include M1114), 155mm
Mortars (all platforms), 120mm, 81mm, 60mm

Breaching Charges
Door: NEW of .23 lbs TNT (slider) – .30 lbs TNT (fruit
roll up)
Wall: NEW of 10.0 lbs – 14.0 lbs
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Systems and Breaching Charges identified by the
Sec. 734 Workgroup (Sec. 734 WG). Each SOHA
includes, when applicable, an assessment of the
following health hazards:
•

•
•
•

•
•
•
•
•

Acoustic energy (steady-state noise, impulse
noise, BOP [lung and brain injury], and
ultrasonic noise)
Biological substances (sanitation and
pathogenic microorganisms)
Chemical substances (weapon and fuel
combustion products and other toxic materials)
Oxygen deficiency (crew/confined spaces,
dive operations, high altitudes, subterranean
environments, and ventilation)
Radiation energy (ionizing and non-ionizing
radiation, including lasers)
Shock (acceleration and deceleration, recoil)
Temperature extremes and humidity (heat and
cold stress)
Trauma (blunt, sharp, and musculoskeletal)
Vibration (whole-body, hand-arm, and multiple
shock)

Each Tier 1 System assessment concludes with
a final report containing an executive summary of
the potential health hazards and their risk levels
in accordance with Military Standard 882E, DoD
Standard Practice for System Safety, and APHC
Technical Guide (TG) 351, “The Health Hazard
Assessor’s Guide,” recommendations, and residual
risk levels. An estimate of avoidable medical,
lost time, and training replacement costs is
provided based on implementation of the preferred
mitigation strategy or control, using the Medical
Cost Avoidance Model. A Joint Service team of
SOHA subject matter experts (SMEs) uses the
best available technology and techniques in the
absence of health protection criteria, standards,
tools, or methodologies. The SOHA process takes
into account worst-case (round type, firing posture,
elevation, etc.) and most commonly used rounds,
and assumes the systems are being operated and
maintained as directed. The Tier 1 Weapon System
and Breaching Charge assessments are anticipated
to be completed no later than the fall of 2022.
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The guidelines that follow are adapted from the TG
351 chapter that addresses BOP hazards. The TG
351 aims to review, document, and improve the
processes for assessing specific health hazards and
interpreting their health and/or performance risks.
These guidelines are comprehensive instructions
from the HHA Program on how to assess BOP
exposure and ultimately protect Warfighters from
BOP-related injuries.
The TG 351 BOP Assessment Guidelines address
BOP health effects; data requirements; the scientific
basis of the BOP methodology, including information
on the biomechanical model used to calculate BOP
injury risk; instructions for interpreting assessment
results and providing recommendations; and
assessment limitations and potential future work.
The guidelines are invaluable to health hazard
assessors, CAPDEVs, MATDEVs, risk managers,
test and evaluation engineers, and others involved
in weapon system design, training, and fielding.

Furthermore, medical personnel, scientists, and
Warfighters can gain a greater understanding of the
role and benefit of the HHA process by reviewing
them.
The guidelines discuss the non-auditory injuries
resulting from occupational exposures to BOP and
how they affect the lung. The lung was chosen as
the target organ for BOP exposures because of the
relative lethality of injuries to that organ. Injury can
result from exposure to a single high-energy blast
or from repeated exposures to low-intensity blast
waves. The current model is limited to assessing
BOP injury to the lung only. Trauma to the ear from
BOP-related impulse noise is assessed separately
by the HHA Program, and brain injury models are still
being researched and developed.
To assess these BOP exposures, it is important to
ensure the quality and fidelity of the input data.
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Data are collected with pressure transducers
mounted at fixed positions on a cylindrical blast test
device (BTD) representing a Soldier’s chest, back,
and sides during operation of a weapon system. A
detailed, realistic description of the mission informs
test planning and risk assessment personnel,
and ensures that BTDs are placed in relevant
positions that would be occupied by crewmembers
during normal use of the weapon system. It is
also important to consider how many blasts a
crew will be exposed to and over what duration,
all possible system configurations, and the types
of environments in which the system will be used
(e.g., free-field, enclosure) when conducting data
collection and the risk assessment process.
The BOP-HHA software uses the INJURY model
and BOP data collected by test centers to yield a
quantitative, probabilistic calculation of BOP injury
risk to the operators of a particular system. The
BOP injury risk is a combination of hazard severity
and hazard probability, which are dependent on
software outputs such as effective normalized work
done to the lung. The BOP-HHA algorithm estimates
lung injury risk using the calculated effective
normalized work values and injury information from
over 1,000 blast-exposed animal specimens.
In addition to risk levels, the software outputs limits
on weapon firing, called an allowable number of
rounds (ANOR), to constrain the risk of injury to
within acceptable limits. Other recommendations
to mitigate risk may be established based on a
results comparison of varying test conditions (e.g.,
crew position, firing posture, system configuration,
and environment). The software includes input
options to reflect the mission conditions, including
estimated ambient pressure, number of shots fired,
BOP-time trace interval, and changes in Warfighter
physical characteristics (defaulting to a median body
mass). The software augments its risk analysis with
“trading points” that can be used to limit injury risk
when Soldiers are expected to fire multiple weapon
systems or types of ammunition with different BOP
hazards.
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The HHA process as described in these guidelines
can serve as a framework for assessing BOP
exposures in all Military Departments. As the
understanding of BOP evolves and verified models
emerge for injuries other than lung, the process
may be adapted to better estimate injury risk.
Continually adapting and expanding to assess
evolving health hazards supports CAPDEVs,
MATDEVs, trainers, and mission planners while
protecting the nation’s Warfighters.
The following is adapted from APHC TG 351A
“Health Hazard Assessor’s Guide.”

1. Purpose
This chapter provides guidelines for conducting
health hazard assessments of Soldier exposure to
blast overpressure during normal use and training
operations of materiel systems in support of the
Army HHA process.

2. Definitions of Key Terms
Allowable number of rounds (ANOR): A value
calculated by the BOP-HHA software which
estimates the number of rounds that may be fired
within a 24-hour period that will produce a less than
1 percent incidence of any lung injury. The lower the
ANOR, the more hazardous the blast event. Typically,
the ANOR assigned due to impulse noise is more
restrictive than the ANOR assigned due to BOP.
Auditory noise: The component of a pressure wave
that resonates at frequencies within the range of
human hearing.
Blast overpressure (BOP): The sharp
instantaneous rise in ambient atmospheric pressure
resulting from an explosive detonation or the firing
(i.e., operating) of weapons (Elsayed, 1997). BOP is
also known as non-auditory noise.
Blast overpressure-time trace: A line displayed on
a graph that depicts the variation in time-pressure
measurements due to the change in ambient air
pressure associated with blast (Figure 5-1).
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FIGURE 5-1: Blast Overpressure-Time Trace

Hazard probability (HP): An expression of the
degree of likelihood that an exposure to a hazard/
hazardous condition (physical, chemical, or
biological) will produce an adverse health outcome
to a materiel system user or maintainer. HP is based
on an assessment of factors such as the affected
population, the user scenario, and the duration and
frequency of the exposure.

Blast test device (BTD): A customized device that
consists of an aluminum cylinder containing four
transducers that correspond to the relative spatial
proximity of a Soldier’s chest, back, and left and
right sides.
BOP-HHA software: The BOP software used to
assess blast exposures in support of the Army
HHA process. The BOP-HHA software uses a
mathematical algorithm containing the INJURY
model to calculate the injury risks associated with
occupational blast exposures (Hsu, 2017).

Hazard severity (HS): An expression of magnitude
of an adverse health outcome (occupational injury/
illness) to a materiel system user or maintainer that
will occur from exposure to a hazard/hazardous
condition (physical, chemical, or biological) during
normal use or maintenance of the materiel system.
Injury criteria: A physical parameter or a function
of several physical parameters which correlates well
with the type and severity of injury to the body region
under consideration.
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INJURY model: A biomechanically-based model
that describes how the chest wall responds to
impacts from a blast pressure wave. It uses
time and pressure data collected from a BTD to
estimate the intensity and duration of impact when
a blast wave contacts the chest. In addition, the
model calculates the amount of work that the
blast wave performs on the thoracic wall and uses
information about the material properties of tissues,
along with a database of results from over 1,000
experimental animal specimens, to estimate the
probabilities of human lung injury for four different
HS levels. The mathematical algorithm containing
the INJURY model was used in the original INJURY
software developed by Jaycor (a government
contractor, now part of L3Harris), for the U.S. Army
Medical Research and Materiel Command (now
the U.S. Army Medical Research and Development
Command [USAMRDC]). The INJURY software
was the predecessor of the BOP-HHA software
currently used by the APHC to calculate the injury
risks associated with occupational blast exposures
(Stuhmiller, 1996; MacFadden et al., 2012).
Jaycor Information Format (JIF): A format for
an American Standard Code for Information
Interchange file containing test data (e.g., time and
pressure information from a blast) for submission to
the BOP-HHA software.
Non-auditory noise: See “blast overpressure.”
Trading point: A numeric value, based upon the
ANOR calculated by the BOP-HHA software that is
assigned when a weapon is fired or an explosive
device is detonated. Trading points are calculated
by multiplying the number of rounds fired by
1,000 and dividing by the ANOR. These points are
accumulated for all exposures during a 24-hour
period in order to determine a total number of
points. Trading points determine whether or not
Soldiers have exceeded the maximum 1,000-point
allowance when operating multiple weapon systems
that have dissimilar ANORs.
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Weff: The effective normalized work done on
the lung. Weff is a dimensionless value that the
BOP-HHA software calculates using BTD data
collected for each crew position and for all exposure
conditions tested. This value is resultant of the
amount of mechanical work imparted to the thorax
by a blast wave.

3. Health Effects of Blast Overpressure
Exposure
In general, exposures to BOP occur in military
environments from two sources: at the point
of firing or detonation proximal to the Soldiers
employing the weapon and downrange at the point
of impact or detonation proximal to enemy forces.
Some specialized explosive devices, such as stun
grenades, may also be detonated near the Soldiers
employing them. HHAs are limited to exposure
incurred during normal operation of the weapon
by the users, and the resultant blasts proximal to
the users should be relatively less energetic than
downrange detonation. This chapter and the current
HHA process focus on the BOP health effect of lung
injury; however, there are other possible health
effects due to BOP exposure (e.g., brain injury). The
mechanism of lung injury for Soldiers operating
weapons or detonating explosives can be described
as follows: when a weapon or device is fired or
detonated, energy is released that produces a
pressure wave in the atmosphere that may contact
the Soldier’s thorax, resulting in a BOP exposure.
The thorax deforms, and mechanical energy is
transmitted to deeper tissues. The resultant injury
includes the immediate mechanical insult (the chest
wall abruptly contacting the surface of the lungs);
damage from the mechanical stress associated
with cavitation as the energy propagates through
adjacent tissues; and delayed cell death that occurs
secondary to the inflammatory process (Stuhmiller,
2008).
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4. Pre-assessment Procedures
A. Summary of Requirements for BOP
Assessment
The following are the components required for
conducting a BOP assessment.
1. Use scenario description, including the—
a. Anticipated health hazard exposures
associated with normal use of the system.
b. Description of special environmental
conditions (e.g., high altitude,
subterranean), if applicable.
2. User population description, including age,
gender, military occupational specialty, etc.
3. Test data, which will be—
a. Collected using a BTD constructed in
accordance with the specifications
identified in the APHC Technical Information
Paper (TIP) 88-001-0411.
b. Collected in accordance with the U.S.
Army Test and Evaluation Command Test
Operations Procedure (TOP) 04-2-831 and
International TOP 04-2-822.
c. Representative of the health hazard. Ensure
that the BTDs are placed in locations,
orientations, and at heights representative
of weapon crew members during live firing.
The transducer designated as the chest
should be situated in the same location
and attitude as the Soldier’s chest would
be during the blast event. The BTD, which
is usually placed on an articulating stand,
should be angled and rotated to accurately
represent the posture of the Soldier during
the specific blast event. The system
developer is responsible for determining
where BTDs should be placed.
d. Submitted in the JIF.

B. Scientific Basis of BOP Assessment
Methodology
A trained SME performs a BOP assessment using
the BOP-HHA software application and subsequently
interprets the analysis. The software provides a
quantitative, probabilistic risk assessment based
on over 1,000 data points from animal studies
conducted from 1980 through 1998 (Stuhmiller,
2008). Data collected from BTDs placed where
crew members would be assigned are processed
through a biomechanical model that estimates
the amount of work done to the thorax, which is a
function of the amount of chest deformation that
occurs when a blast wave encounters the thorax.
The software uses this estimate to calculate the
Weff. The software then estimates the severity of
lung injury that would result from the exposure
and generates a numeric probability based upon
the results of animal research. These results are
used to construct the HS and HP alphanumeric
combination corresponding to a risk assessment
code (RAC).

C. BOP Assessment Methodology Features
The BOP assessment methodology demonstrates
the following features that allow it to be designated
as a rigorous, evidence-based model:
1. Injury criteria. Injury criteria are based upon
a database that contains the outcomes of over
1,000 blasts recorded from animal studies
(refer to Department of Defense Historical Blast
Bioeffects Research Data Archive).
2. Risk assessment determination.
a. The HS is based upon direct observation
of lung injuries sustained by animals and
graded by a quantitative scoring system
(Yelveton, 1996).
b. The HP is based upon injury data from the
animal studies.
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Photo credit: Petty Officer 2nd Class Christopher Lange/U.S. Navy

3. Assessment fidelity. Specifying the use of
specially designed BTD sensors to collect
BOP data increases the likelihood that data
will match the requirements of the BOP-HHA
software application and, therefore, improve the
accuracy of the assessment.
4. Methodological rigor. Assessment accuracy is
high when—
a. BOP data are collected with a properly
constructed BTD (refer to APHC TIP
88-001-0411).
b. Proper quality assurance considerations are
implemented during test instrumentation,
data collection, and processing.
c. The assessment is performed in
accordance with this chapter.

D. Assessor Qualifications
The software functions as an expert system that
processes data and generates RACs and ANORs.

96

Assessors are trained in how to set up data files, set
up parameters in the graphical user interface, and
interpret outputs, including atypical outputs that
may be associated with problematic data.
The BOP-HHA software generates risk assessment
information (e.g., RACs and ANORs) used by the
assessor to develop BOP risk levels and hazard
mitigation recommendations for the HHA.

E. Test Data Requirements for BOP
Assessments
1. Testing criteria. BOP testing for lung injury
risk is required if impulsive noise test results
yield an ANOR of 5 or less with single hearing
protection; therefore, BOP analysis is not always
necessary for all weapon systems. Testing
may be deferred for any test condition where
previous impulsive noise test results yielded
ANORs of greater than 5 with single hearing
protection.

CHAPTER 5: GUIDELINES FOR CONDUCTING HE ALTH HA Z ARD ASSESSMENTS OF E XPOSURE TO BL AST OVERPRESSURE

2. Basic concepts/considerations/assumptions.
a. The INJURY model is calibrated to analyze
data collected by a BTD that meets the
standard design specifications developed
by L3Harris (see APHC TIP 88-001-0411).
Data collected by microphones or other
transducers that fail to meet BTD design
specifications shall not be analyzed using
the BOP-HHA software.
b. BTDs are validated to accurately collect data
in specific environments (Masiello, 2003; TIP
88-001-0411).
• Thirty-inch and 24-inch BTDs that
meet all other design specifications
are validated to collect data in outdoor
environments located outside of
enclosures.
• Thirty-inch BTDs are validated to collect
data inside of enclosures.
• Data collected by BTDs that either
deviate from the approved design
specification or have not been validated
for the environment in which they
collected the data shall not be analyzed
using the BOP-HHA software.
c. Due to variance observed in complex
environments (e.g., reflection, refraction), the
BOP assessment methodology assumes that
results are only valid for the specific location
where the BTD was placed at the time of
testing. Data collected by a BTD shall not
be interpolated to infer exposures at other
locations.
d. The BOP data shall only be used to
determine injury risk for the weapon system
from which the data were collected. A rare
exception to use data from a similar weapon
system may be made only by consensus
among the weapon testers, the HHA Program
representatives, and the BOP SMEs.

3.

Limitations of the INJURY model.
a. The INJURY model used for analysis is
limited to BOP sustained by the torso. More
specifically, the model is calibrated and
only applicable to lung injury. The lung was
selected as the target organ because of
the increased vulnerability of air-containing
organs to blast injury and the relative
lethality associated with lung injury (Elsayed,
1997).
b. Because the limitations of the INJURY
model do not permit a comprehensive
characterization of the injury risk, other
susceptible organs such as the tympanic
membrane and brain are excluded from
consideration at this time. Results should
be interpreted with this limitation in mind.
c. The INJURY model is limited to predicting
cumulative lung injury due to one or more
blast exposure events occurring within a
24-hour period.
• Physiological responses such as the
inflammatory process can increase
injury severity over a period of days
following the initial injury. However,
due to the nature of the animal data
used in model development, the INJURY
model is only predictive of the injury
severity characterized within 24 hours
post-injury.
• Due to the nature of the animal data
used in model development, the INJURY
model under-predicts the injury severity
that occurs from multiple exposures
spanning more than 24 hours. The
under-prediction occurs because the
model does not account for cumulative
injuries sustained during a previous
exposure that occurred outside the
original 24-hour period.
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F. Information Required for the HHA
1. Obtain the following information from
MATDEVs:
a. System description. The system description
should include the nomenclature needed to
identify and classify the system and system
components pertinent to the assessment.
The information needed to describe a
specific system properly may vary but most
often includes the name of the weapon,
weapon type (such as mortar, grenade,
Howitzer, or missile), weapon caliber, and
type of propellant.
b. Use scenario description. The use scenario
description should include BOP exposurerelevant information about human-system
interactions and about the operational
environment. Such information should
relay important facts about weapon
configurations that affect the intensity,
duration, and frequency of exposure,
including round type, gun elevation, gun
azimuth, firing zone, and the quantity
of explosive detonated. It is essential
to include an estimate of the maximum
number of blasts or shots to which weapon
crew members will be exposed during a
mission or training scenario. Information
about how personnel are positioned with
respect to the weapon, such as the crew
position or separation distance between
the energy source and the Soldier, as
well as Soldiers’ postures (e.g., standing,
sitting, kneeling, or prone), is needed.
Information about the environment in which
the weapon is employed, such as the type
of environment (e.g., an open field or inside
an enclosure, such as a vehicle or building)
and any environmental conditions (e.g., high
altitude, subterranean) that may affect the
transmission of blast, should be reported.
When appropriate, the name of the vehicle
or the dimensions of the enclosure from
which a weapon may be fired should be
provided.

c.

User population information. User
demographic data should be recorded
since the biomechanical response of the
thoracic wall can be affected by gender and
anthropometry. However, the assessment
does not use this information at present.

2. Receive and review the test plan and
data submission from the weapon tester,
including the following:
a. Test summary. The following information
should accompany the test data to foster
a better understanding of how the test
was conducted: system name, test date,
test center name, a description of the
purpose of the test, the weapon tester’s
name, and the test plan. This information
should also be available in the HHA project
archive for future reference. Information
about the BTDs used to collect data, such
as their size and the crew positions they
represented, should also be included (a
diagram may be helpful). A description
of the test environment (e.g., open-field,
obstacles present, or within an enclosure)
should be included as well. Testers need to
comply with and affirm that the BTD used in
the data collection adheres to the required
design specifications provided in APHC TIP
88-001-0411. Any deviations from those
specifications must be reported to the HHA
Project Manager along with the submitted
data.
b. Test data. After receiving data, conduct
an initial review to determine that the
necessary BOP data were collected and
compiled by the testers according to the
guidelines in Section 4A of this chapter.
The data format will be checked to ensure
its adherence to the JIF, as described in
APHC TIP 88-001-0411. The data will be
checked to determine the number of rounds
used in each condition. Ideally, each
condition should produce a statistically
significant number of valid data points
(rounds fired, weapons launched, or
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c.

explosives detonated). For most weapons,
each test condition should contain data
from a minimum of five firings, launches, or
detonations. Rounds should be numbered
in a manner that allows them to be readily
associated with test conditions. Erroneous
rounds that should be excluded from the
assessment, as well as other conditions
that occurred during testing that may
negatively influence the quality of the
data collected, should be identified. Any
problems that may degrade the quality of
the APHC assessment will be documented
in the HHAR. If the data were not submitted
in the required format per TIP 88-001-0411
(i.e., not in JIF), or are otherwise incapable
of being processed by the BOP-HHA
software (e.g., not organized into proper
test condition folders), the tester and the
MATDEV will be notified of the requirement
to correct the problem and provide usable
data for the APHC assessment.
Normal use and operation. Based on the
use scenario and user information, the
normal use of the weapon/system in both
the operational and training environments
should be identified.

5. Risk Assessment Process
After the APHC receives the test data in the
required format, the risk assessment can proceed.
The APHC uses the BOP-HHA software (refer to
Section 4) to assess lung injury risk from BOP. This
software contains a complex algorithm that uses
the time-pressure data collected by the BTD to
estimate the magnitude of the mechanical forces
impacting the thorax and transmitted to the lung,
yielding an objective probabilistic risk assessment.
Biomechanical force, expressed as the effective
normalized work done on the lung (Weff), is used
to estimate the resulting lung injury at each BTD
location for all test conditions.
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A. Performing the Assessment
Use the BOP-HHA software program to conduct the
risk assessment for the HHA (Hsu, 2017). Software
inputs required include the following: BOP data
in the required format, atmospheric pressure,
subject weight, BOP-time trace interval, and the
number of expected rounds to be fired. Optional
output options include a summary of the risk matrix
information and trading points calculations. The
subject weight should not be changed from the
75.0 kilogram default value to which the software
was calibrated. This value is near the 77.7 kilogram
body mass for 50th-percentile male Soldiers, as
per Military Handbook 743A. Due to anatomical
and physiological differences, this value should
not be changed in an attempt to provide a means
to account for body type or gender. Blast pressure
waves propagate differently at different atmospheric
pressures. The standard atmospheric pressure on
Earth (14.696 psi [101.325 kPa]) is used by default.
If a system will be used in a special environment, a
more appropriate value may be used. The BOP-HHA
software outputs information such as the following:
injury probabilities, Weff values, RACs, ANORs, and
trading points.

B. Checking Results
The evaluator should examine the Weff values that
the BOP-HHA outputs for unusual or unexpected
results. In particular, BTDs that are at similar
distances from the source of the blast energy
should have comparable outputs that do not differ
drastically (i.e., no outliers). If abnormal results are
noted, the evaluator should use Microsoft Excel®
to examine the outputted file, which contains the
cumulative computations that the assessment
algorithm executes to derive Weff.
The file provides a level of resolution that may allow
more insight for troubleshooting any unexpected
results. Abnormal results should be reported to the
tester, who can validate the results and determine
whether or not to remove suspect data from the
analysis.

CHAPTER 5: GUIDELINES FOR CONDUCTING HE ALTH HA Z ARD ASSESSMENTS OF E XPOSURE TO BL AST OVERPRESSURE

C. Understanding Results

consistent with many different kinds of realworld exposures to other hazards. Figure 5-2
was constructed from data collected from blast
testing and shows overlapping probabilities
for different injury severities. According to
this graph, if a population were exposed to a
quantity of blast energy that intersected the
middle (maximum) of the trace injury curve, the
following injury severity probabilities would be
estimated: no injury = 0.23; trace injury = 0.54;
moderate injury = 0.21; and severe injury = 0.02.
Refer to Figure 5-3 to learn how injury severity
probabilities relate to the pathological scoring
system (Walter Reed Army Institute of Research
[WRAIR]).

Below is a general explanation of how the BOP-HHA
software determines the HS and HP to assign the
RAC in the table output. The example assessment
scenario in Section 6 provides the sample output
tables from the BOP-HHA software.
1. HS Determination
The BOP-HHA software uses Weff threshold
values to determine HS. Table 5-1 lists the Weff
thresholds associated with the HS categories.
Examine the ANOR table output by the software.
Select the crew position with the highest Weff
average as the basis for the risk assessment
for each condition. Compare the highest Weff
average to the Weff thresholds in Table 5-1 to
identify the HS category.
2. HP Determination
Before examining how the BOP-HHA software
handles HP, it is important to understand that
exposures are complex, and live human subjects
may respond differently than the model predicts.
Reflection of pressure waves may result in
individuals receiving different quantities of blast
energy. In addition, differences in the physical
characteristics of individuals create variations
in tolerances to blast energy that affect injury
severity and probability. This outcome is

To find the probabilities of injury that determine
the HP level, use the injury probabilities table
output by the software. Locate the rows within
the output table that display the probabilities of
injury for the maximum number of blast exposures
specified in the use scenario. For each condition,
calculate probability by averaging all of the non-zero
probabilities for the crew member with the highest
Weff average (as identified in Section 5C (1)).
Use Table 5-2 to identify the HP level that
corresponds to the average of the non-zero
probabilities for the crew member with the highest
Weff average.

TABLE 5-1: Hazard Severity Categories for Blast Overpressure

Category and
Description

Adverse Health Effects That May be Caused by BOP
Exposure

INJURY Model
Weff Thresholds

1

Catastrophic

Death or total loss of a bodily system

> 0.00070068

2

Critical

Severe bodily injury, severe occupational illness, or major
damage to a bodily system

> 0.00025222

3

Marginal

Minor bodily damage, minor occupational illness, or minor
damage to a bodily system

> 0.00013192

4

Negligible

Less than minor bodily injury, less than minor occupational
illness, or less than minor damage to a bodily system

> 0.00007414
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FIGURE 5-2: Probability of Discrete Lung Injury Levels

a measure of blast energy

To assign HP ‘F’ (see Table 5-2), Military Standard
(MIL-STD)-882E paragraph 4.3.4 requires that
hazards be eliminated “by selecting a design
or material alternative that removes the hazard
altogether.” Therefore, exposure to any level of BOP
should be assumed to carry a potential injury risk
and cannot result in an HP F. For the purposes
FIGURE 5-3: WRAIR Pathological Scoring System
TRACE: Petechial hemorrhages involving
<10% of lung parenchymal surface
SLIGHT: Superﬁcial petechial hemorrhages
involving >10% of lung surface to ecchymo�c
hemorrhages involving <10% of lung surface
MODERATE: Subpleural ecchymo�c
hemorrhage with superﬁcial parenchymal
involvement of 10–30% of lung surface
SEVERE: Diﬀuse ecchymo�c hemorrhage
extending into lung parenchyma involving
31–60% of lung surface
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of HHA, there are recognized exposures that are
not evaluated because the intensities of other
characteristics of the blast wave are deemed to
present a very low injury risk. Such is the case
when Soldiers are exposed to blast resulting in
an ANOR of more than 5 (historically known as
sub-Z curve levels), which does not warrant system
developer testing. An example of one situation that
may be awarded HP F is remote firing, during which
the weapon discharge or detonation is triggered at
a remote location, and the operator is completely
isolated from the blast.

D. Risk Mitigation and Recommendations
1. In BOP assessments, residual risk is the
resulting risk after implementation of one or
more of the HHAR recommendations (e.g.,
elimination, substitution, engineering control,
warnings, administrative control, and personal
protective equipment), including, for example,
the interventions listed in Table 5-3.
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TABLE 5-2: Hazard Severity Categories for Blast Overpressure*

Level

Description

Likelihood of Occurrence

INJURY Model
Probability
Thresholds**

A

Frequent

Likely to occur often

≥ 1.0%

B

Probable

Will occur several times

≥ 0.1%

C

Occasional

Likely to occur sometime

≥ 0.01%

D

Remote

Unlikely but possible to occur

≥ 0.001%

E

Improbable

So unlikely it can be assumed occurrence may not be
experienced

> 0.0%

F

Eliminated

Incapable of occurring. This level is used when potential
hazards are identified and later eliminated.

Not applicable

Note: * Degree of likelihood that an exposure will produce an adverse health outcome as a consequence of a Soldier’s normal
use of an item. ** The probability thresholds are ranges of values. Therefore, the HP level is determined by the first match with
the probability thresholds when scanning from Level A to E.

TABLE 5-3: Example Risk Mitigations

Intervention

Action

Eliminate a crew position

Disregard results pertaining to that
crew position

Eliminate a firing condition
(e.g., hatch closed)

Disregard results pertaining to that
firing condition

Modify a firing condition
(e.g., change propellant)

Select results pertinent to the
modified use scenario, or collect
additional data based upon the
modified use scenario

Add warnings and firing restrictions
to operator and technical manuals,
training materials, and materiel
fielding plans

Result
Reassess the risk using only data from the
remaining crew positions
Reassess the risk associated with the
weapon system using the remaining firing
condition(s)
Reassess the risk associated with the
weapon system using the data pertinent to
the modified firing condition(s)

No effect on residual risk assessment.
None

Administrative controls do not affect the
risk assessment code for BOP exposures
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a.

b.

c.

d.
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Depending on the design of the weapon
system and the work demands of the firing
crew, it is sometimes possible to eliminate a
crew position. Changing the crew member
locations for weapons built on vehicular
platforms is unlikely to be feasible, but more
flexibility may be possible with weapons
fired in an open environment. If changes to
crew member locations are made, BOP data
should be recollected at the proposed new
locations.
Residual risk is often based on changes in
firing conditions. For example, a MATDEV
may desire to ascertain the differences
in exposures when a gun uses a blast
attenuating device (BAD) compared to
when it does not. In this case, the
baseline risk assessment and initial RAC
will be determined based on all of the
conditions. The residual risk would then
be determined based on the subset of BAD
applicable exposures only if the test results
demonstrate less severe blast exposures
when the BAD is used.
Commonly, MATDEVs and test centers
collect data with the gun barrel positioned
at various attitudes to compare firing with
the lockout engaged (preventing firing at
certain locations) to firing with the lockout
disengaged. The baseline assessment would
be determined based on all data, and the
residual risk would be determined based on
a subset of data that excludes firing when the
lockout mechanism is disengaged, allowing
more operator control of the gun barrel.
Finally, residual risk can be based on
changes in the use scenario. This
determination could entail assumptions
about the maximum number of rounds a
crew will fire during a 24-hour period or the
external environment where the weapon will
be employed. For example, a use scenario
could entail engaging an enemy located
inside a cave. The MATDEV may want to
compare exposures from firing outside the
cave to those from firing inside it. The initial

risk would be generated from the entire
dataset, and the residual RAC could exclude
data associated with firing at locations within
the cave where reflections could amplify the
blast.

6. Example Assessment Scenario
Step 1. Data obtained during a testing event of an
armored combat vehicle (ACV) was provided to the
APHC.
Step 2. The use scenario obtained from the MATDEV
states the crew will be exposed to 8 firings (shots)
from the ACV weapon system per 24-hour period.
Step 3. Create two pathways for the BOP-HHA
software to receive and generate data that captures
all test conditions (i.e., input and output pathways).
The software is set to run starting at 1 shot, ending at
20 shots. This configuration will generate sufficient
data for the use scenario of 8 firings as well as
additional data which could be used to aid in the
determination of a residual risk.
Step 4. Run the software analysis.
Step 5. Examine Table 5-4, the ANOR table for
Condition 1. It contains the Weff average values for all
four crew positions.
Step 6. Since Crew Position 2 has the highest Weff
average, and thus the most work done to the lung,
use this worst-case crew position to determine the
RAC for this condition. As shown in Table 5-4, the
software will output the ANOR and RAC for the worstcase position (in this example, a RAC of 2A and an
ANOR of 1) and for the other crew positions. Note
that the ANOR for this example is less than the 8
rounds expected to be fired. The ANOR and RAC
assigned for the overall system are always located
within the same row as the crew position with the
highest Weff average. Note that the default number of
1001 may be displayed in the same row, representing
the software’s inability to assign a RAC for that ANOR.
The assigned ANOR is the first ANOR not equal to
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TABLE 5-4: ANOR and RAC Output (Condition 1)

Condition
1
1
1
1

Position
Crew
Position 1
Crew
Position 2
Crew
Position 3
Crew
Position 4

Weff average

RAC = 1

RAC = 2

RAC = 3

RAC = 4

RAC = 5

0.0002649

1001*

2 (2B)

1 (3B)

0 (3B)

0 (3B)

0.0006734

1001*

1 (2A)

0 (2A)

0 (2A)

0 (2A)

0.0002708

1001*

39 (2B)

0 (2B)

0 (2B)

0 (2B)

0.0002981

1001*

26 (2B)

0 (2B)

0 (2B)

0 (2B)

LEGEND
Blue = The highest Weff average for Condition 1 among all of the crew positions.
Green = The ANOR and RAC assigned for Condition 1 where the format “1 (2A)” represents an ANOR of 1 and a RAC of 2A.
Note: The table format and headers displayed are identical to the table output from the BOP-HHA software. The “RAC” label
in the table header row is roughly equivalent to the risk levels (i.e., 1 = High, 2 = Serious, 3 = Medium, etc.). Since these do not
correspond exactly, the RAC labels in the table header should only be used to locate the applicable ANOR.
*1001 is the default number displayed by the BOP-HHA software representing its inability to assign a RAC for that ANOR.

FIGURE 5-4: Risk Assessment Code Matrix
1001 in that row when reading from left to right, and
the assigned RAC is located in the same cell as the
assigned ANOR. The instructions in Steps 7 through
10 below explain the methods for determining the HS
and HP to check the RAC from Table 5-4. The RAC
matrix appears in Figure 5-4.
Step 7. Based on the HS thresholds in Table 5-1, the
highest Weff average of 0.0006734 is greater than
0.00025222, but less than 0.00070068; therefore,
the HS is 2 (Critical) (refer to Figure 5-4).
Step 8. Next, examine Table 5-5, the injury
probability values attributed to exposures for
Condition 1.
Step 9. Locate the row in Table 5-5 that contains the
injury probabilities for Crew Position 2 (chosen above
in Table 5-4 for having the highest Weff average).
Identify the degrees of injury severity in that row (i.e.,
trace, slight, moderate, or severe) having probabilities
greater than “0”, and average them. In this example,
the trace, slight, and moderate hazard degrees
of injury have the following non-zero probabilities:
0.039997, 0.008877, and 0.002402, respectively.
The average of these three values is 0.017092.

(Source: MIL-STD-882E)

Step 10. Since the average probability of 0.017092
is above the probability threshold of 1.0% in Table
5-2, the HP is A (Frequent). By combining this HP
with the HS from Step 7, the RAC for this condition is
2A, which corresponds to a risk level of High (refer to
Figure 5-4).
Step 11. To determine the residual risk for this
example exercise, assume that Crew Position 2 is
a non-critical crew position that will be eliminated
from the team to lower the injury risk. The residual
risk assessment will be based on data from the
remaining crew positions: 1, 3, and 4 (Table 5-6).
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TABLE 5-5: Probability of Injury from Exposure (Condition 1)

Condition

Position

P(Trace)

P(Slight)

P(Moderate)

P(Severe)

1

Crew Position 1

0.005262

0.001404

0.000235

0

1

Crew Position 2

0.039997

0.008877

0.002402

0

1

Crew Position 3

0.005441

0.001310

0.000383

0

1

Crew Position 4

0.006736

0.001585

0.000483

0

LEGEND
Yellow = The probability values averaged for the HP determination, which are the non-zero probabilities for the crew position
with the highest Weff average.

TABLE 5-6: ANOR and RAC Output for Residual Risk Assessment (Condition 1)

Condition
1
1
1
1

Position

Weff average

RAC = 1

RAC = 2

RAC = 3

RAC = 4

RAC = 5

0.0002649

1001*

2 (2B)

1 (3B)

0 (3B)

0 (3B)

0.0006734

1001*

1 (2A)

0 (2A)

0 (2A)

0 (2A)

0.0002708

1001*

39 (2B)

0 (2B)

0 (2B)

0 (2B)

0.0002981

1001*

26 (2B)

0 (2B)

0 (2B)

0 (2B)

Crew
Position 1
Crew
Position 2
Crew
Position 3
Crew
Position 4

LEGEND
Strikethrough = Eliminated crew position for the residual risk assessment.
Blue = The highest Weff average for Condition 1 when eliminating Crew Position 2 for the residual risk assessment.
Green = The ANOR (26) and RAC (2B) assigned for Condition 1 when eliminating Crew Position 2 for the residual risk assessment.
Note: The table format and headers displayed are identical to the table output from the BOP-HHA software. The “RAC” label
in the table header row is roughly equivalent to the risk levels (i.e., 1 = High, 2 = Serious, 3 = Medium, etc.). Since these do not
correspond exactly, the RAC labels in the table header should only be used to locate the applicable ANOR.
*1001 is the default number displayed by the BOP-HHA Software representing its inability to assign a RAC for that ANOR.

TABLE 5-7: Probability of Injury for Residual Risk Assessment (Condition 1)

Condition

Position

P(Trace)

P(Slight)

P(Moderate)

P(Severe)

1

Crew Position 1

0.005262

0.001404

0.000235

0

1

Crew Position 2

0.039997

0.008877

0.002402

0

1

Crew Position 3

0.005441

0.001310

0.000383

0

1

Crew Position 4

0.006736

0.001585

0.000483

0

LEGEND
Strikethrough = Eliminated crew position for the residual risk assessment.
Yellow = The probability values averaged for the HP determination. These are the non-zero probabilities for the crew position
with the highest Weff average, when Crew Position 2 is eliminated for the residual risk assessment.
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Step 12. Following the previous logic, Crew Position
4 is the remaining crew member with the highest
Weff: 0.0002981. Since this value is greater than
0.00025222 but less than 0.00070068 (see Table
5-1), the residual HS is 2 (Critical).
Step 13. To determine the residual HP, identify the
probabilities that are greater than 0 for the various
injury levels of the crew position with the highest Weff
average (Table 5-7). Averaging the values 0.006736,
0.001585, and 0.000483 yields 0.002935. Based
on the table of HP threshold values (Table 5-2), the
revised HP is B (Probable). Therefore, the residual
RAC is 2B, which still corresponds to a risk level of
High (refer to Figure 5-4). However, the ANOR is
now 26 rounds which is greater than the 8 rounds
expected to be fired.

7. Limitations and Potential Future
Work
1. Sec. 734 of the FY18 NDAA requires that the
Secretary of Defense conduct a longitudinal
medical study on BOP exposure of members
of the Armed Forces during combat and
training. The study will focus on how these BOP
exposures affect brain health and cognitive
performance. The Assistant Secretary of
Defense for Health Affairs established the
Sec. 734 WG to lead this study effort, which
includes five lines of inquiry (LOI) identified
by the Workgroup leadership: Surveillance,
Weapon Systems, Exposure Environment, Blast
Characterization, and Health Effects. The APHC
serves as the office of primary responsibility
for the Exposure Environment LOI. The study
goals include improving how Service members’

CHAPTER 5: GUIDELINES FOR CONDUCTING HE ALTH HA Z ARD ASSESSMENTS OF E XPOSURE TO BL AST OVERPRESSURE

107

blast exposures are monitored, recorded,
and analyzed; determining how to log Service
members’ blast exposure histories; and
reviewing the current safety precautions for
heavy weapons training and updating them
with emerging research on blast exposure and
its effects on the cognitive performance of
Service members.
2. An optimal BOP-HHA data collection and
assessment process requires that the
following occur:
a.

b.

c.

d.

108

Update the TIP 88-001-0411, Program
Guidance for Blast Overpressure Analysis.
Update the BOP-HHA software model
to address known limitations, including
those discussed in Section 4E(3) of
this chapter.
Validate different types of gauges
(including wearable gauges) and sizes
of BTDs to standardize testing and
data processing procedures for future
assessments.
Maintain and sustain validated test
devices (e.g., repair part specifications).

e.

Ensure interoperability between the
updated BOP-HHA software and validated
test devices (e.g., wearable pressure
gauges).

f.

Develop specifications and construct
a permanent enclosure for enclosed
environment BOP testing.

g.

Promote consistency of BOP data
collection and data processing
procedures (e.g., following test device and
enclosure specification requirements, test
result reporting, updating and following
TOPs) among test centers.

h.

Request that BOP-HHA software
developers review this chapter and its
future updates.

3. Examples of Military Operational Medicine
Research Program/Joint Program
Committee-5 BOP-related projects include—
a.

Determining the relationship between
single and repetitive blast exposures and
cognitive performance.

b.

Identifying and characterizing acute and
chronic physiological responses resulting
from repetitive blast exposures in training.

c.

Quantifying the differences in
physiological and cognitive performance
after blast exposure to predict return to
duty.

d.

Conducting data surveillance and creating
a repository of blast exposure data
from training sites to support research
investigating the effects of blast exposure
on health outcomes.

e.

Developing evidence-based medical
standards and guidelines to prevent
subclinical neurological changes resulting
from repeated low-level blast exposures.

f.

Developing a blast sensor, an algorithm
to predict injury threshold, and a fieldappropriate neurofunctional impairment
screening tool.
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S

ince 2001, over 2.7 million Service members
have deployed in support of Operation
Enduring Freedom (OEF), Operation Iraqi
Freedom (OIF), and Operation New Dawn
(OND) – the longest series of conflicts in U.S. history.
Medical innovations and improved emergency
health care services have led to increased survival
rates among combat-injured and increased rates of
physical and emotional injuries in those survivors.
Traumatic brain injury (TBI) has emerged as the
“signature injury” of the OEF/OIF/OND conflicts. It is
estimated that between 2000 and the third quarter
of 2019, over 413,000 TBI events occurred across
the DoD, with the majority being mild in severity
(mTBI) and occurring in non-combat environments.
Most Service members who sustain an mTBI, or
“concussion,” fully recover in the following days or
weeks, though a subset of these individuals report
cognitive, emotional, and somatic symptoms that
persist well past the expected recovery timeline.
Those who sustain multiple mTBIs are at risk of
developing persisting post-concussive symptoms.
Many of these same individuals present with
co-occurring psychological health (PH) conditions,
which complicates assessment and treatment and
often requires an interdisciplinary rehabilitation
approach to mitigate distressing symptoms.
In 2008, Congress mandated that the DoD create
a center to evaluate and care for patients and
their families affected by TBI and PH conditions.
It established the Defense Centers of Excellence
for Psychological Health and Traumatic Brain Injury.
A private philanthropy, the Intrepid Fallen Heroes
Fund (IFHF), collected donations from the American
people and proposed to build the National Intrepid
Center of Excellence (NICoE), a center dedicated
to advancing our nation’s understanding of the
“invisible wounds” of conflict. The NICoE fulfills
a vital role in the Military Health System’s (MHS)
continuum of care for Service members suffering
from comorbid, complex TBI, and PH conditions.
A central component of the NICoE’s mission is
to improve TBI diagnosis and characterization,
evaluate novel treatment modalities, and explore the
long-term consequences of TBI exposure on patients
and their families.

MISSION

Improve the lives of patients and
families impacted by TBI through
excellence and innovation

VISION

To be a global leader in TBI care,
research, and education

GUIDING PRINCIPLES

Excellence, Innovation, Compassion,
Honor, and Collaboration

In 2010, the DoD and the IFHF finished construction
of the NICoE, a $60 million, ~72,000-square foot
research, diagnosis, and treatment facility located
on the 243-acre Naval Support Activity Bethesda
(NSAB) campus in Bethesda, Maryland. The NICoE
opened its doors later that year in the context of
rapidly increasing numbers of new Service members
sustaining TBI, often secondary to blast injury
through OEF/OIF/OND combat operations. NICoE’s
approach to clinical rehabilitation centered on an
intensive outpatient interdisciplinary care model
as a platform for the assessment and treatment of
TBI and PH symptoms, while simultaneously and in
complementary fashion, allowing for the conduct of
research in the epidemiology and diagnosis of brain
conditions.
The NICoE was the first program of a growing
network of so-called “Intrepid Spirit Centers (ISCs)”
that offer a range of interdisciplinary clinical,
research, and education services to Service
members and their Families. Construction of the
NICoE and additional ISCs has been funded by the
American people through the IFHF. At the conclusion
of FY19, there are eight ISCs in the MHS with two
more ISCs planned for construction.
On the national level, the MHS TBI Pathway of Care,
as managed by the Defense and Veterans Brain
Injury Center (DVBIC), unites DoD TBI organizations
and assets to create a comprehensive and
integrated continuum of care from prevention to
reintegration. The NICoE plays a key role within the
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MHS TBI Pathway of Care by providing consistency
and continuity in services across TBI treatment
and research. As a key partner in the TBI Care
Pathway, the NICoE is charged with:
1. Addressing the most complex diagnostic and
treatment challenges for patients with TBI and
complex psychological and social challenges
who have persistent impairment of function
despite intensive treatment
2. Conducting complex diagnostic evaluations
and holistic intensive day treatment to clarify
diagnoses, begin long-term recovery, and
instill hope for both patients and families
3. Acting as the primary site for conducting
translational research to foster improved
outcomes across the MHS and beyond
Following the 2011 military treatment facility (MTF)
realignment that merged the Walter Reed Army
Medical Center with the National Naval Medical
Center, creating the Walter Reed National Military
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Medical Center (WRNMMC), NICoE became a
new directorate of the WRNMMC in 2015. This
integration streamlined extant TBI-related services
across the hospital and brought together research
and education efforts across the spectrum of TBI
severity. Table 6-1 provides a summary of the key
directives establishing the NICoE.
TABLE 6-1: Key Directives/Executive Orders/Plans

Key Directives/Executive Orders/Plans
➢ National Defense Authorization Act for
FY08
➢ Executive Order 13625 (August 2012)
➢ National Research Action Plan – (August
2013)
➢ 2014 Assistant Secretary of Defense for
Health Affairs (ASD(HA)) Woodson Memo
(TBI Pathway of Care)
➢ 2015 Integration with WRNMMC

NICoE Clinical
The NICoE’s patient-centered clinical care
model offers patients and families a variety of
treatment options to achieve optimal physical,
mental, emotional, and spiritual well-being
(Table 6-2). Patients spend dedicated time with
their NICoE health care providers through an
integrative approach to medicine that includes both
conventional and complementary practices.
A neuroimaging suite is located on-site to facilitate
timely diagnostics to inform and shape treatment
planning.
In 2019, more than 2,000 patients received
treatment or services care at the NICoE through
more than 33,000 clinical encounters. Patients
receive care through one of two clinical programs:
The Intensive Outpatient Program (IOP) or the TBI
Outpatient (OP) Services program. The IOP is a
four-week program for patients diagnosed with both
TBI and associated health conditions. Tailored
treatment plans are created with patient, family,
and provider input that focus on the mind, body,
and spirit. Patients learn self-management skills
to increase resilience, manage symptoms, and
enhance their well-being long-term. The OP program
provides diagnostic evaluations, treatment, and
follow-up care for patients diagnosed with TBI of all
severities. Patients work with providers to receive
personalized outpatient rehabilitation services,
symptom management, and treatment plans.
Additionally, NICoE staff provide consultation to the
hospital’s inpatient teams around TBI assessment
and rehabilitation.
NICoE clinical operations are supported and
enabled by a range of unique clinical spaces, on-site
resources, and innovations, including:
•

Sleep Lab – This comprehensive center
addresses the full spectrum of clinical adult
sleep disorders. The center can assess
diagnostic polysomnography, Continuous
Positive Airway Pressure (CPAP) titrations,
multiple sleep latency tests, maintenance of
wakefulness tests, oral appliance titrations, and

Photo courtesy of NICoE

PAP naps for CPAP desensitization. In addition,
video capabilities are used to assess movement
disorders, seizure activity, and parasomnias.
•

Computer Assisted Rehabilitation
Environment (CAREN) – The CAREN is a
dynamic system with a motion platform that
moves in synchrony with virtual environments
projected onto a large, 180-degree curved
screen. This visual reality allows a deeper
exploration of gait, motion sensitivity, and
balance, enhancing patient rehabilitation. The
CAREN is used for both clinical and research
purposes.

•

Brain Fitness Center (BFC) – The BFC is a
supplemental care option that gives patients
access to computer brain-training programs,
heart rate variability biofeedback, and
mind-body classes. BFC tools and resources can
also be used to enhance mental performance
and/or to supplement cognitive rehabilitation
strategies.
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TABLE 6-2: NICoE Clinical Offerings. The NICoE delivers a broad range of patient- and family-centered
assessment and treatment interventions, encompassing traditional medicine, advanced diagnostic techniques,
and integrative health

NICoE Clinical Offerings
Audiology

Neurology
• Headache Management
• Sleep Medicine

Rehabilitation Neuropsychology
• CogSMART Group
• Individual CBT for Severe TBI

Brain Fitness Center
• Brain Training
• Heart Rate Variability
Biofeedback

Neuropsychology

Social Work
• Care Coordination/Case
Management
• Patient & Family Counseling
• Patient & Family Education
• Patient & Family
Psychoeducation Groups
• Patient & Family Psychosocial
Evaluation

• Hearing Evaluation/Treatment
• Vestibular Evaluation

Computer Assisted Rehabilitation
Environnent (CAREN)
Creative Arts Therapy
• Art Therapy
• Dance/Movement Therapy
• Music Therapy
Health Psychology
• Cognitive Behavioral Therapy
(CBT) for Insomnia/Chronic Pain/
Headache
Medical Services
• Inpatient Consult Services
• Medical Evaluation
• Nursing
• Team Coordination

•

•
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Nutrition
Occupational Therapy
• Adaptive Sports
• Assistive Technology
• Firearms Training Simulator
(FATS)
• Neurologic Occupational
Therapy
• Recreational Therapy
• Vision Therapy
Physiatry Physical Therapy
• Musculoskeletal Physical
Therapy
• Neurologic Physical Therapy
• Vestibular Therapy
• Vision Therapy
Psychiatry

Speech-Language Pathology
• Cognitive-Linguistic
Evaluation/Treatment
Wellness Services
• Acupuncture
• Biofeedback Training
• Breath Work
• Meditation
• Yoga

Recreational Activities
• Recreational Art
• Recreational Music
• Recreational Writing
• Service Dog Training Program

Central Park – This large circular room has a
glass ceiling, a wooden floor that is embossed
with a traditional Chartres Labyrinth, live
plants to enhance the connection with nature,
and is equipped with zero gravity chairs, yoga
mats, blocks, and eye pillows for furthering
the patient’s mind-body practice. Patients
use Central Park for reflection and walking
meditations and are encouraged to use the
space on their own time to continue building
autonomy with their mind-body practices.
Art Therapy Studio – This large light-filled
space is set up for psychotherapy using
creative self-expression and verbal processing
with credentialed art therapists. Patient

CHAPTER 6: NATIONAL INTREPID CENTER OF E XCELLENCE

artwork is prominently displayed around the
space, validating patients’ experiences and
motivating incoming Service members to
engage and feel more comfortable with the
process.
•

Music Therapy Studio – The spacious lightfilled music therapy studio is arranged to
facilitate psychotherapy using music for
creative self-expression and verbal processing.
The studio is equipped with a wide variety
of musical instruments and its acoustic
environment is conducive to both quiet,
relaxation-oriented music and loud, more
energetic music.

•

•

Neuroimaging Suite – A neuroimaging
suite is located within the NICoE facility
and includes a 3T Magnetic Resonance
Imaging (MRI) scanner, a whole-head
Magnetoencephalography (MEG) system,
and a Positron Emission Tomography/
Computed Tomography (PET/CT) scanner.
The neuroimaging suite also houses a medical
image analysis lab and has a dedicated Linux
computer cluster for efficient processing of
clinical and research data.
Gym – NICoE’s extensive gym includes
equipment to conduct a complete vestibular
test battery, completed in conjunction with
Physical Therapy and Audiology, including
traditional bedside evaluations and
assessments augmented with advanced
testing equipment such as the rotary chair,
NeuroCom system, and videonystagmography.
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NICoE Education
The NICoE educates medical professionals,
providers, students, professionals in training,
staff, patients, and families on promising
treatments and best practices that support TBI
understanding and recovery. Educating clinicians
and researchers through hands-on experience
allows NICoE to influence care both within the MHS
and civilian sectors, nationally and internationally.
In 2019, NICoE administered over 350 continuing
education credits, offered 35 didactic and clinical
education lectures to NICoE staff and colleagues,
and provided hands-on training to more than 20
experiential learners.

Photo courtesy of NICoE

In addition, the NICoE has made its responsibility
to educate, mentor and share knowledge with
individuals who desire to learn more about
care provided to those suffering from TBI. Over
the past decade, the NICoE has responded to
numerous inquiries about its program and the
patients it serves. In response to these inquiries,
the NICoE developed education programs, each
Photo courtesy of NICoE
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Clinical Observation Opportunity Program
(SCOOP) program for students interested
in spending up to 30 days at the NICoE.
Students enrolled in this program observe
providers in their desired field, such as Speech
Language Pathology, or work closely with
staff in the NICoE Research Department as a
Research Assistant.
•

Knowledge Sharing – The knowledge sharing
program provides options to staff who want
to share their TBI knowledge with the public.
Program options have included Provider
Orientations and an Art Therapy Student
Studio Program. In addition, the NICoE shares
knowledge of its mission and vision through
distinguished visitor tours to individuals and
groups interested in learning about NICoE’s
role in the TBI field.

NICoE Informatics
Photo courtesy of NICoE

serving a specific purpose and audience, that
allow individuals and groups to learn about the
mission and vision of its facility and services.
These fall into three unique training programs:
•

•
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Experiential Learning for Academic Credit
– This training program provides clinical
and research opportunities and continuing
education credit for students interested in
receiving hands-on experience in the field of
TBI.
Professional Mentoring – This training
program provides a tailored mentorship
opportunity for students interested in
learning about the field of TBI. Students
receive an opportunity to work side-by-side
with NICoE staff members in a clinical or
research environment. This program includes
opportunities through the Red Cross Student
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The Informatics team supports all NICoE
departments and the wider MHS through an
expansive suite of capabilities that includes
solutions development, metrics and dashboards,
informatics research, training, health IT, and data
management. The data management platform, for
example, ingests data from ongoing clinical work
and research protocols, and enables the data to
be leveraged to improve clinical efficacy and as a
resource for discovery and posing new scientific
questions.
This capability has been extended and further
augmented in the TBI Portal, a NICoE-developed
Defense Health Agency (DHA) enterprise
application now available to TBI care facilities
across the MHS (Figure 6-1). The portal allows
for greater exploratory understanding, knowledge
sharing, and innovation in the treatment, care, and
study of TBI. It directly supports clinical operations
by providing an understanding of patient
demographics, referral patterns, encounters,
health outcomes, and other metrics. The portal
drives patient-centered care by allowing TBI
providers to aggregate, summarize, and review

FIGURE 6-1: TBI Portal: Increasing the value of data
in clinical capabilities

In support of this mission, NICoE researchers
work to translate research into real outcomes for
patients by connecting findings from longitudinal
studies, treatment-based protocols, and the use
of emerging technology to the evaluation of TBI
diagnostic techniques and treatment methods
to support the MHS, ultimately contributing to
force readiness. NICoE’s research strategy for
advancing the state of the science is based on
three key differentiators:
•

Technology – A suite of neuroimaging tools
proximally available to researchers is a critical
piece of the NICoE’s research strategy.
Advanced technology and imaging equipment,
including 3-Tesla MRI, PET/CT, MEG, CAREN,
Transcranial Magnetic Stimulation (TMS),
and a host of auditory, vestibular, and
oculomotor tools allow researchers to gather
measurements of brain structure and function
Table 6-3). These technologies, uniquely
located at the NICoE, support multiple
research paths and permit the combination
of data obtained from different neuroimaging
techniques at different temporal and spatial
scales.

•

Integration – The NICoE model of integrating
research and clinical care helps advance
clinical delivery and continuous evolution of
the research strategy. The NICoE collects
clinical outcomes through measures
administered to patients before, during, and

patient data and informs decisions by enhancing
the exploration of clinical data through dashboards
and interactive reports. The TBI Portal also
strengthens research and innovation by supporting
active protocols, facilitating data sharing, and
offering built-in analytics and predictive modeling
capabilities.

NICoE Research
Research at the NICoE aligns with the 2013
National Research Action Plan (NRAP), which
resulted from an Executive Order to improve
access to mental health services for Veterans,
Service members, and military Families. The NRAP
directed the DoD, Department of Veterans Affairs
(VA), Department of Health and Human Services
(HHS), and Department of Education to develop a
coordinated plan to address post-traumatic stress
disorder (PTSD), other mental health conditions,
and TBI “to improve the coordination of agency
research into these conditions and reduce the
number of affected men and women through
better prevention, diagnosis, and treatment.”
A central component of the NICoE’s mission is to
improve diagnostic determination, evaluate novel
treatment modalities, and explore the long-term
consequences of TBI exposure on patients and
their families. At its core, this mission seeks
to answer fundamental questions about TBI
recovery, such as why symptoms improve for
some patients but not for others, and how certain
treatments contribute to improvements after TBI.

TABLE 6-3: NICoE Research Capabilities

NICoE Research Capabilities
•
•
•
•
•
•
•
•

3T MRI
PET/CT
MEG
CAREN, assessment technology
TMS, treatment technology
Vestibular tools
Oculomotor tools
Auditory tools
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after treatment, and at multiple time points
after discharge. These outcome measures
help demonstrate the effectiveness of clinical
treatments and are a valuable data source for
refining the model of care and understanding
which treatments should be expanded.
•
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Collaboration – The NICoE supports a rich
environment for research endeavors through
collaborations between NICoE clinical and
research staff. NICoE’s research strategy
also involves active collaboration with federal,
academic, private and nonprofit organizations,
and as a leading member of the growing ISC
Partnership Network. This partnership network
encourages new research collaborations and
the formation of new research capabilities,
such as a clinical trial network for accelerated
evaluation of promising treatments.
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NICoE’s portfolio of research studies can be broadly
categorized as either retrospective, observational,
or treatment protocols. Findings from longitudinal
and database studies are used to inform the design
of promising treatment protocols (Figure 6-2). At
the conclusion of FY19, NICoE had more than 25
active research protocols. Highlighted studies are
summarized in Table 6-4.
FIGURE 6-2: NICoE Research Portfolio

TABLE 6-4: NICoE Research Studies

NICoE Research Studies
A Randomized, Sham-Controlled, Blinded
Study of Bilateral Prefrontal Individual
Connectome-Targeted Repetitive
Transcranial Magnetic Stimulation
(ICT-rTMS) to Treat the Symptoms of
Depression Associated with Concussive
TBI
Study Sites:
• WRNMMC, Bethesda, MD
• Fort Belvoir Community Hospital
(FBCH), Fort Belvoir, VA
Funding: CNRM
Study Impact:
If successful, findings from this study will
speed the development of a novel, nonpharmacologic treatment for depression
for Service members with a history of
concussion.
NRAP Priority: Treatment

Rehabilitation of Acquired Auditory
Processing Disorders – Low-Gain Hearing
Aids
Study Site:
WRNMMC, Bethesda, MD
Funding: Award under Psychological
Health/Traumatic Brain Injury Research
Program
Study Impact:
Results from this study will influence
the standard of care received by adult
TBI patients diagnosed with APD in
the presence of NHT, thus improving
the ability to treat and limit associated
functional impairments.
NRAP Priority: Treatment

This multi-site study sponsored by the Center for Neuroscience and
Regenerative Medicine (CNRM) at the Uniformed Services University
of the Health Sciences (USU) investigates the efficacy and tolerability
of individual connectome-targeted repetitive transcranial magnetic
stimulation (ICT-rTMS) treatment to improve symptoms of depression that
are often associated with concussive TBI.
Up to 90 subjects will be block-randomized to active ICT-rTMS or
sham treatment. Subjects will receive 20 sessions of ICT-rTMS over
approximately five weeks. Treatment sessions will consist of highfrequency left dorsolateral prefrontal cortex (DLPFC) stimulation for 3,000
pulses followed by low-frequency right DLPFC stimulation for 1,000 pulses
for a total stimulation time of approximately one hour per session. The
primary outcome will be change in depression severity from baseline to
post-treatment.
This study aims to develop a novel, effective treatment for depressive
symptoms associated with concussive TBI. Depression after TBI
increases the risk for developing other neuropsychiatric problems that
may contribute to morbidity and functional disability after TBI, including
increased suicidality, cognitive dysfunction, and aggressive behavior.
Post-traumatic depression also interferes with physical and cognitive
rehabilitation, making depressive symptoms one of the strongest
correlates of poor recovery and quality of life after injury.
Adult patients diagnosed with acquired auditory processing deficits
(APD) are often offered low-gain hearing aids (LGHAs) as a treatment
option despite the presence of normal-to-near-normal hearing thresholds
(NHT). This treatment, which is arguably becoming standard of care in
the private sector and military medical system, is based primarily on
anecdotal patient reports with minimal published research.
While peripheral hearing loss remains a pervasive problem among
Service members, injury to the peripheral and central auditory system
within the military is increasingly related to TBI and blast exposure. The
functional communication and hearing deficits subjectively reported
by these individuals often occur in the absence of elevated pure-tone
thresholds and have therefore been identified as APD. While these
Service members often receive treatment in the form of LGHAs, limited
systematic evaluation of treatment efficacy is available, despite common
reports of subjective benefit.
The aim of this work is to examine the efficacy of LGHAs in an activeduty military population with a history of mild TBI and blast exposure who
have been diagnosed with APD in the presence of NHT. This research
addresses the limited evidence to support fitting LGHAs in this population
by comparing aided and unaided outcomes using both subjective and
objective measures. In addition, the potential “hidden” peripheral damage
associated with the functional presentation of these deficits, in spite of
NHTs, will be examined as it relates to subjective and objective outcomes.
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NICoE Research Studies
Assessing the Impact of mTBI on MultiSensory Integration While Maneuvering
on Foot

Service members’ success in combat operations is largely dependent on

Study Sites:

involve processing simultaneous inputs from the auditory, visual, vestibular,

• NICoE, WRNMMC, Bethesda, MD
• National Military Audiology and
Speech Center, WRNMMC, Bethesda,
MD
Funding: Assistance Agreements under
the Psychological Health/Traumatic Brain
Injury Research Program
Study Impact:
Information obtained from this study will
have near- and long-term positive impacts,
both in defining return to duty standards
for brain-injured personnel and in helping
to develop rehabilitation strategies for
impaired patients.
NRAP Priority: Prevention and Screening

their ability to shoot, move, and communicate on the battlefield. These
critical tasks require the execution of numerous complex subtasks that
tactile, and proprioceptive senses.
This project uses an aurally-aided visual search (AAVS) paradigm to
examine the impact that unimodal and multi-sensory deficits have on
the functional performance of sensory-impaired Service members.
Experiments are conducted using the CAREN, which was modified for this
study to include a 64-speaker audio array. The CAREN makes it possible to
measure how well participants perform audio-visual integration tasks while
standing still or maneuvering on foot over simulated terrain.
Two groups of participants were recruited: 1) healthy controls and 2)
those with blast-related mTBI. Preliminary results show that the mTBI
group responds about 15 percent slower in the AAVS task and that both
groups respond faster while walking without any reduction in accuracy.
With further testing, the researchers hope to validate whether the AAVS
paradigm is sensitive enough to detect subtle multi-modal integration
problems that are not apparent in more traditional unimodal sensory tasks.

Rehabilitation of Acquired Auditory

The auditory system is among the most frequently damaged in modern

Processing Deficits – Mobile Application-

warfare, second only to the musculoskeletal system. While sensorineural

Based Computerized Auditory Training

hearing loss from noise exposure continues to be a pervasive problem

Study Site:
WRNMMC, Bethesda, MD
Funding: Award under Psychological
Health/Traumatic Brain Injury Research
Program
Study Impact:
Analysis from these data may influence
the standard of care that Service members
impacted by TBI receive, in order to
improve our ability to treat functional
hearing problems, which directly correlates
to their quality of life.
NRAP Priority: Treatment

in the military force, recent evidence suggests that blast and/or noise
exposure without permanent hearing loss can have significant negative
ramifications that have previously gone undetected.
Despite the significant prevalence of patients with auditory processing
deficits (APD) in the presence of normal hearing thresholds, professionals
do not agree on the course of treatment. Management can range from
receiving diagnosis of normal hearing with no additional follow-up to
implementation of auditory training, counseling strategies, or management
of acoustic conditions including hearing aids or frequency-modulated
systems, or a combination of these strategies.
Although there is ample research that supports the use of auditory training
via software-based training programs, compliance with software-based
auditory training is low. Furthermore, the efficacy of auditory training in
Service members with a history of significant noise exposure, blast injury,
and/or TBI has not been evaluated.
The specific aim of this study is to provide evidence regarding the
effectiveness of computerized auditory training as a treatment option for
adults with normal-to-near-normal hearing thresholds and APD, who have a
history of blast exposure and/or TBI.
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NICoE Research Studies
Integration of Image and Clinical

The TBI military patient population is a high-risk group with more than 60

Measurements of TBI Patients Using

percent of active-duty Service members diagnosed with a TBI showing

Machine Learning Techniques

signs of depression and other behavioral health conditions within a year

Study Site:
NICoE, WRNMMC, Bethesda, MD
Study Impact:
The use of machine learning and artificial
intelligence with large longitudinal
retrospective clinical datasets will allow
us to model the progression of mTBI,
impacting our understanding of the shortand long-term effects of TBI.
NRAP Priority: Epidemiology

following their first brain injury. Currently, across the MHS, providers don’t
have the tools to quickly identify patients at risk of developing mental health
conditions or the capabilities to model different clinical trajectories that a
patient can follow.
This retrospective study uses a large longitudinal clinical dataset of
more than 100,000 mTBI patients to create machine learning and artificial
intelligence models that can be used to automatically identify clinical
trajectories, sub-categories of mTBI, and risk factors associated with
the onset of mental health conditions. Through this study, a number of
advanced predictive models have been developed, including models to
estimate the probability of a patient returning to active-duty, forecast
models for retention post-injury, machine-learning models to identify the
likelihood of developing clinical conditions, and predictors of health care
utilization post-injury.

A Retrospective Study of the Natural

A central strategy to the NRAP is to develop more precise staging and

History of Traumatic Brain Injury and

criteria for clinical subpopulations with combat-related TBI and comorbid

Psychological Health Outcomes in Military

psychological health conditions. This improved characterization of the

Personnel Through Analysis of the NICoE

heterogeneous injury state will lead to more rapid and earlier identification

Clinical Research Database

of brain disturbances and more accurate selection of targeted treatment

Study Site:
NICoE, WRNMMC, Bethesda, MD
Study Impact:
This systematic approach to collecting
information on TBI and other psychological
health conditions will advance the ability
to evaluate, diagnose, and treat these
conditions in both military and civilian

strategies.
This protocol is designed to leverage nine years of comprehensive data
collected in the NICoE’s IOP for Service members with TBI and associated
comorbidities. Synchronized collection of clinical data from this integrative
program provides an opportunity to identify patterns of symptom clusters
and corresponding neural network disruption to understand which
treatment modalities are successful in specific subgroups of patient
populations.

populations. Additionally, this study is

Preliminary data obtained from patients’ self-report scales revealed a

designed to provide information to enhance

significant improvement in post-traumatic stress, anxiety, depression,

clinical practice guidelines, leveraging

sleep disturbances, and satisfaction in life from admission to discharge,

evidence-based analysis to identify best

with improvements lasting at least six months after participation in the

treatment practices for complex patient

program.

subpopulations cared for within the MHS.
NRAP Priority: Epidemiology

Continuing research aims to identify specific treatment strategies in the
17 different disciplines utilized in the NICoE IOP. Future goals include the
ability to share information with other MHS TBI treatment facilities, such
as the Intrepid Spirit Centers, to standardize best practices across the
spectrum of injury severity.
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NICoE Research Studies
Genomic Determinants Pre- and Post-

The need for effective treatments and reliable outcome measures for PTSD

NICoE Skills-Based Training: Measuring

and TBI is a top priority for the MHS.

Relaxation Response in Service Members
with PTSD and TBI

The goal of the study is to measure quantifiable biological and clinical
responses to integrative and conventional medicine treatments used in

Study Site:

NICoE’s four-week IOP, which targets Service members recovering from

NICoE, WRNMMC, Bethesda, MD

TBI and behavioral health comorbidities.

Funding: Operation Support Our Troops

Preliminary outcomes indicate that time spent in the creative arts,

Study Impact:
The goal of this study is to develop
definitive diagnostic biomarkers for TBI
and comorbid PTSD and associated
psychological health conditions.
NRAP Priority: Foundational Science/
Etiology

particularly art therapy, is associated with a reduction of post-traumatic
stress symptoms, as well as anxiety. Additionally, implementation of
integrative medicine that includes mind-body treatments correlated with
a reduction in anxiety and the improvement of autonomic function and
cerebral blood flow.
Furthermore, initial analysis of genomic expression reveals a reduction
of inflammatory gene activation during the four-week period. By the third
and fourth weeks of the IOP, activation of genes involved in neuronal repair
was noted to be up-regulated and closely-correlated with time spent in art
therapy.
Ongoing recruitment for this study aims to validate initial findings. The
study is a partnership with Harvard Medical School/Beth Israel Deaconess
Medical Center for blood specimen analysis of genomic expression and the
National Institutes of Health (NIH) for protein marker identification.

Expanding Our Understanding of

Cognitive dysfunction can occur from a variety of brain insults, including

Computer-Based Cognitive Rehabilitation

TBI. These deficits can have a significant impact on Service members’

in the Military Population – a Longitudinal

functioning and quality of life. Unfortunately, there is a limited range

Brain Fitness Center Database

of treatment options to address these concerns. Technology provides

Study Sites:

rehabilitation for those with limited options. While computer-based

• WRNMMC, Bethesda, MD

cognitive rehabilitation is heavily marketed commercially, understanding

• FBCH, Fort Belvoir, VA

of its efficacy, applicability in subpopulations, and other treatment

Funding: DVBIC

characteristics is limited.

Study Impact:

The purpose of this study is to improve understanding of the efficacy of

This study will improve the understanding

computer-based cognitive rehabilitation tools and their utilization in the

of the population, the utilization, and the

Brain Fitness Center (BFC) by developing a data repository.

efficacy of the Brain Fitness Center through
retrospectively analyzing data from a preexisting and pre-approved data collection
protocol.
NRAP Priority: Treatment
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additional methods of treatment that can also increase access to

The data repository consists of retrospective and prospective data, such
as demographic information, objective cognitive assessments, selfreport questionnaires, and participation data from individuals who use the
computer-based cognitive rehabilitation tools in the BFC at WRNMMC and
FBCH.
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NICoE Research Studies
The 15-Year Studies
Study Sites:
• WRNMMC, Bethesda, MD
• FBCH, Fort Belvoir, VA
Funding: DVBIC
Study Impact:
These studies focus on the long-term
physical and mental health outcomes

WRNMMC serves as the core site for this multi-site, longitudinal study into
the long-term implications of TBI in military Service members. This DVBICsupported study was developed to respond to a congressional mandate
(FY07 NDAA Sec. 721). It has two components:
1. The Natural History Study, which employs a host of clinical, behavioral,
cognitive, sensory-motor, blood biomarker, and imaging assessments to
identify issues that may make TBI recovery more difficult
2. The Caregiver Study, which examines caregiver outcomes such as physical
and mental health, employment, finances, family functioning, relationship
satisfaction, and quality of life, as well as the impact on the health and
behavior of the caregiver and Service member’s children

and the effects on Service members and
their Families following TBI with the goal
of improving treatments and services for
those affected.
NRAP Priority: Epidemiology
NICoE TBI Magnetoencephalography

Brain function is determined by the coordinated activity of ensembles of

(MEG) Core Project

neurons bound together by virtue of neuronal oscillations (brainwaves)

Collaborating Sites:

of various frequencies at various spatial scales (local, global). Brain
dysfunction can be conceptualized fundamentally as an alteration of

• Walter Reed Army Institute of
Research (WRAIR), Silver Spring, MD
• Washington DC VA Medical Center,
Washington, DC

these oscillations and disorganization of these neuronal networks. Such

• USU, Bethesda, MD

This research is providing neurophysiological data that will help in

Study Sites:
• WRNMMC, Bethesda, MD
• Washington DC VA Medical Center,
Washington, DC
• USU, Bethesda, MD
Study Impact:
This study hopes to advance the
understanding of the relationship between
specific symptoms that affect those with
TBI and the brain activity changes that

alterations can only be assessed by methodologies, such as MEG, which
record brain activity at a time scale of milliseconds.

understanding the neurobiology of TBI and psychological health conditions,
such as PTSD and depression. Our research scientists are mapping brain
activity by non-invasively recording the magnetic fields produced when
brain cells communicate with one another while participants are at rest or
performing cognitive tasks.
By understanding the associations between functional impairments,
such as memory problems and alterations in oscillatory brain activity,
this study aims to further inform and evaluate treatment strategies to
improve cognitive and emotional functioning in those affected by TBI and
associated psychological health conditions.

underlie them. The physiologic changes
that are associated with these symptoms
may provide increased insight to tailor
specific therapies and treatments for TBI
and psychological health concerns.
NRAP Priority: Prevention and Screening
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NICoE Research Studies
Nutrition for Post-Traumatic Headache

This is a multi-site, double-masked, randomized clinical trial (NCT03272399)

Study

of a dietary intervention funded under the Congressionally Directed

Study Sites:
• WRNMMC, Bethesda, MD
• FBCH, Fort Belvoir, VA
• Womack Army Medical Center
(WAMC), Fort Bragg, NC
• NIH, Bethesda, MD
• UNC, Chapel Hill, NC
Funding: CDMRP
Study Impact:
The proposed intervention, if shown to be
effective for post-traumatic headache, is
easily implemented, cost-efficient, and no
more than minimal risk to combatants.
NRAP Priority: Treatment

Medical Research Programs’ Peer Reviewed Medical Research Program.
The goal of the study is to examine whether manipulation of the ratio of
circulating omega-3 and omega-6 essential fatty acids through diet alone
can: 1) as the primary clinical outcome, decrease post-traumatic headache
(PTH) frequency and severity and overall pain medication use; and 2) as
the primary biochemical outcome, achieve study target ratios of circulating
omega-3:omega-6 fatty acids and bioactive metabolites through dietary
manipulation alone.
PTH, more prevalent in active-duty military and Veteran than civilian
populations, is an important and understudied cause of impaired quality
of life and disability. It has recently been shown to be more difficult to
treat than PTH among civilian TBI survivors and adversely impacts force
readiness.
Traditional migraine pharmacologic and behavioral therapies have limited
efficacy in many PTH patients. This study investigates a novel strategy for
PTH treatment through dietary manipulation of essential fatty acids that are
linked to migraine pain propagation pathogenesis in experimental animals.

Oculomotor Assessment of Traumatic

Oculomotor testing, a subcomponent of vestibular testing, is a broad

Brain Injury

term for a number of tests that evaluate a patient’s eye movements with

Study Sites:
• Robinson Clinic, WAMC, Fort Bragg,
NC
Devices provided by USAMRDC

specialized camera systems. Historically, oculomotor testing is used to rule
out central vestibular disorders that contribute to dizziness or imbalance;
however, it is reasonable to expect that functional deficits in the oculomotor
system are sensitive indicators of insult in TBI.
The purpose of the study is to compare the sensitivity and specificity of

Study Impact:

three oculomotor testing devices. Data from each device will undergo

Results from this study will be utilized by

area-under-the-curve analysis to determine the ability of each to correctly

the military for further development of a

identify control subjects versus subjects with confirmed history of TBI.

deployable system for use in theater.
NRAP Priority: Prevention and Screening

The study is designed as a prospective research project in which a group
of 120 normal controls without a history of TBI will be compared to another
group of 120 participants who have a confirmed history of TBI. Each
participant (total of 240) will complete the TBI assessment protocol for all
three aforementioned devices.
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NICoE Research Studies
Comparison of Visual and Auditory

The MHS has made substantial investments into the development of

Technologies in Large Scale and Mobile

sophisticated multi-modal virtual reality (VR) systems to address the

Virtual Reality Systems

unique challenges faced by Service members suffering from vestibular and

Study Sites:

sensory issues related to mTBI. One VR-based system used therapeutically
within the MHS is the CAREN.

• NICoE, WRNMMC, Bethesda, MD
• NHRC, San Diego, CA

Although there are benefits to using the CAREN, the systems are fixed,

• NMCSD, San Diego, CA

large in size, and expensive to install and maintain. These constraints can

Funding: Award under Psychological
Health/Traumatic Brain Injury Research
Program
Study Impact:
This study seeks to validate a mobile
system that combines visual and audio
technologies and has the potential to
improve the current standard of care. This
advancement to the field of TBI research
may benefit Service members who
experience persistent sensory systems
injury.
NRAP Priority: Treatment

severely limit the number of patients who have access to them. However,
with recent advances in head-mounted display technology, in conjunction
with 3D spatial audio (“virtual audio”), alternatives to larger scale VR-based
systems like the CAREN may be possible.
The purpose of this study is to replicate CAREN-based VR therapy by
leveraging new technologies, combining visual and auditory inputs into a
mobile rehabilitation system that can be used in a variety of settings. It is
expected that the mobile system will have sufficient detail and function
to provide similar feedback to participants, comparable to those received
while utilizing the CAREN. Additionally, participant performance outcomes
should be similar between the two systems.
This is a multi-site study in collaboration with the Naval Health Research
Center (NHRC) and Naval Medical Center San Diego (NMCSD). Up to 60
participants (40 healthy, 20 mTBI) will be recruited at both sites.

NICoE Traumatic Brain Injury

Despite ongoing research, there remains a critical knowledge gap of the

Neuroimaging Core Project

relationship between blood-based exosome biomarkers and neuroimaging

Study Site:
• NICoE, WRNMMC, Bethesda, MD

biomarkers in chronic TBI.
The goal of this study is to develop a database of advanced neuroimaging
measurements, along with relevant blood-based biomarkers, to clarify

Funding: Award under Psychological

these relationships.

Health/Traumatic Brain Injury Research

This project is being done in collaboration with scientists at the NIH and

Program.

the CNRM. Structural, resting-state, and multi-shell diffusion magnetic

Study Impact:
Findings from this study will be used
to develop neuroimaging and blood
biomarkers that can provide objective
evidence of TBI and differentiate them from
psychological health issues.

resonance imaging data are being collected at the NICoE, along with
clinical variables and detailed injury information. Blood data will be
analyzed at the NIH for biomarkers reflecting axonal, neuronal, and vascular
injury as well as astrogliosis/neuroinflammation and synaptic activity.
Finally, these data will be analyzed jointly using advanced statistical
methods.

NRAP Priority: Prevention and Screening
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NICoE Research Studies
A Study of Bilateral Prefrontal

Numerous reports have shown a high association between war-

Transcranial Magnetic Stimulation (TMS)

related PTSD and mTBI. The NICoE, in collaboration with the Center for

to Treat the Symptoms of mTBI and PTSD

Rehabilitation Sciences Research (CRSR) at the USU, has set out to assess

Study Site:

the efficacy of using repetitive Transcranial Magnetic Stimulation (TMS) to
treat the symptoms associated with PTSD and mTBI.

• WRNMMC, Bethesda, MD
TMS involves non-invasive stimulation of specific regions of the brain and
Funding: Center for Rehabilitation Sciences
Research
Study Impact:
Results from this study may shed light on
the ability of TMS to reduce the symptoms
associated with PTSD and mTBI, in order to
improve the overall quality of life for injured
Service members.

is widely used to treat depression and other behavioral health conditions.
TMS may offer a non-invasive, non-pharmacological treatment option for
many patients who currently suffer from PTSD and mTBI.
This study seeks to determine the efficacy and tolerability of TMS as a
treatment for mTBI with PTSD symptoms and correlate treatment response
with anatomical and biological factors unique to each Service member.
Exploratory work will examine neuronal and biological changes that may
occur over the course of TMS treatment.

NRAP Priority: Treatment
Evaluation of Quantitative

The purpose of this pilot project is to conduct a longitudinal study collecting

Electroencephalography (qEEG) During

mobile, quantitative electroencephalography (qEEG) directly before, during,

Art Therapy in Service Members with

and after art therapy to assess the impact of art therapy on brain networks

Comorbid TBI and Post-Traumatic Stress

and associated behavioral health symptoms.

Symptoms
Study Sites:
• NICoE, WRNMMC, Bethesda, MD

Up to 15 Service members with comorbid mTBI and significant posttraumatic stress symptoms will participate in eight sessions (two
assessment, and six art therapy).
The primary objective of this study is to generate preliminary evidence for

Funding: Creative Forces ® : NEA Military

changes in brain networks associated with the art therapy process.

Healing Arts Network

A secondary objective of this study is to generate preliminary data for the

Study Impact:
Findings from this study will provide novel

efficacy of art therapy in a population of Service members with comorbid
mTBI and post-traumatic stress symptoms.

evidence of neurobiological changes
associated with therapeutic benefits of art
therapy.
NRAP Priority: Treatment
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NICoE Research Studies
Biopsychosocial Effect of Service Dog

Preliminary anecdotal evidence suggests that Service members with

Training on Post-traumatic Stress and

symptoms of post-traumatic stress (PTS) report improved physical, social,

Post-Concussive Symptoms

and psychological symptoms after participation in the NICoE’s Service Dog

Funding: Congressionally Reprogrammed

Training Program (SDTP).

Research Development Testing and

The SDTP teaches Service members how to train dogs to become service

Evaluation Funds

dogs to provide support to Veterans with mobility impairments and mood

Study Site:
• WRNMMC, Bethesda, MD

disorders. The purpose of the program is to help Service members develop
skills such as effective communication and emotion regulation, that are
translatable to other social settings. This research assesses a variety
of biological, psychological, and sociological outcomes to evaluate the

Study Impact:
Findings from this study will inform
the efficacy of implementing NICoE’s
Service Dog Training Program (SDTP) as
a complementary program for Service
members undergoing treatment for
symptoms of PTS and traumatic brain
injury. If the results of this study are
positive, it could lead to more Service
members and Veterans being offered
access to the SDTP to augment their
ongoing care.
NRAP Priority: Treatment

effectiveness of the SDTP.
As many as 104 participants will be recruited. Half of these participants will
be randomized to participate in the SDTP, while the other half will serve as
a control group. Participants randomized to the SDTP group will collaborate
with professional service dog trainers for one hour, twice a week, for
three weeks to train service dogs that will be gifted to a Veteran, once fully
trained. Each group will continue to receive standard of care rehabilitation
and treatment. Participants will complete self-report assessments of
behavioral symptoms weekly throughout participation in the study.
Biological samples will be collected at baseline, during the week 3 posttraining visit, and during an optional three-month follow-up appointment to
examine genetics and changes in stress hormones post-SDTP.
Participation in this program may help Service members develop skills,
such as effective communication and emotion regulation, that are needed
to successfully shape the dog’s behavior and are translated to other social
settings. Additionally, by volunteering to help train service animals for
Veterans, participants may develop a restructured commitment to service
post-injury.
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NICoE Research Studies
Clinical Trial of Motion-assisted, Multi-

PTSD and mTBI are persistent and frequently comorbid complications of

modular Memory Desensitization and

combat. There is no proven treatment for mTBI, and standard treatments

Reconsolidation (3MDR) to Treat PTSD

for PTSD often achieve only transient, modest impact.

After mTBI, With and Without Eye
Movement
Study Sites:
• NICoE, WRNMMC, Bethesda, MD
• CNRM, USU, Bethesda, MD

Motion-assisted, Multi-modular Memory Desensitization and
Reconsolidation (3MDR) is a novel treatment for PTSD combining aspects
of virtual reality exposure therapy and eye movement desensitization and
reprocessing treatment within the CAREN. The purpose of this pilot study
is to obtain an initial estimate of the efficacy of 3MDR in Service members
with comorbid PTSD and mTBI and determine the impact of eye movement

Funding: USU Center for Rehabilitation
Sciences Research
Study Impact:
Findings from this study may support the
use of 3MDR in the CAREN as an enhanced
therapy to significantly impact the care
of individuals with PTSD and mTBI and
improve quality of life.
NRAP Priority: Treatment

(EM) on treatment response.
Up to 20 participants with comorbid PTSD and mTBI, randomized to either
EM+ or EM-, receive 10 sessions (three preparatory, six 3MDR treatment,
and one conclusion). In preparatory sessions, the therapist and participant
select songs and pictures. During treatment sessions, participants walk on
the CAREN’s embedded treadmill as the 3MDR environment projects on the
screen. Sessions begin with a song to bring them back to the time of their
trauma. Subsequently, they walk toward a series of emotionally-evocative
pictures (four to seven each session) while engaging in a form of “walk
and talk” therapy. For each picture, key words are superimposed over the
picture and spoken aloud, then for ~30 seconds, participants either follow a
red ball across the screen in front of the picture (EM+) or continue walking
toward the picture without any ball (EM-). A second song, to bring them
back to present day, plays to close each session.

The Investigation of Cranial Electrical

Anxiety often affects Service members suffering from the effects of TBI

Stimulation (CES) to Reduce Anxiety in

and/or blast exposure as well as associated neuropsychiatric conditions.

Service Members with a History of Mild

The primary purpose of this study is to determine the efficacy of cranial

TBI

electrical stimulation (CES) applied to the scalp or the ears in conjunction

Study Sites:

with an integrative treatment program for improving symptoms of anxiety
associated with TBI.

• NICoE, WRNMMC, Bethesda, MD
Sixty participants will be recruited from the NICoE IOP and will be randomly
Funding: Combination of industry
sponsored and internal funding

assigned to one of four groups: an active or sham treatment group using
CES applied to the scalp or an active or sham treatment group using CES
applied to the ears. Self-report assessments administered pre- and post-

Study Impact:

two weeks of daily CES usage will be used to measure the primary outcome

Findings of this study may support the

measure of anxiety as well as secondary outcome measures of depression,

use of CES in conjunction with integrative

headache, pain, and sleep.

treatment programs addressing persisting
post-concussive and psychological health
symptoms.
NRAP Priority: Treatment
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Research Accomplishments
Over the past decade NICoE research has
made significant scientific contributions to the
advancement of TBI evaluation and treatments. In
2019 alone, NICoE researchers published 34 peerreviewed journal articles across a range of topics,
several of which are highlighted here:
Lippa, S. M., French, L. M., Bell, R. S., Brickell,
T. A., & Lange, R. T. (2020). United States
Military Service Members Demonstrate
Substantial and Heterogeneous Long-Term
Neuropsychological Dysfunction after Moderate,
Severe, and Penetrating Traumatic Brain
Injury. Journal of Neurotrauma, 37(4), 608-617.
doi:10.1089/neu.2019.6696
Patients with mild TBI generally recover within
days or weeks of their injury, but when TBIs are
more severe, the risk of long-term cognitive
deficits or psychological dysfunction increases.
Although evidence for cognitive decline is
clear, several studies of civilians have reported
substantial heterogeneity in the cognitive domains
affected in moderate-severe TBI patients.
This study aimed to examine the long-term
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neuropsychological outcomes after moderate,
severe, and penetrating TBI in Service members
and Veterans. Study participants with these
injury profiles were assessed five or more years
post-injury using a neurocognitive test battery
and personality inventory. Participants with
severe and penetrating TBI performed worse than
controls on most cognitive domains. Overall,
more than half of the participants with TBI
demonstrated mild neurocognitive disorder (NCD)
and the majority of the NCD group had reduced
processing speed. In addition, 80 percent of
TBI participants had elevated personality scale
measures, the most common being somatic
complaints, which is likely the result of underlying
neurological issues. This is the first study to
present long-term neuropsychological outcome
data from a population of young to middleaged Service members and Veterans who have
sustained moderate, severe, or penetrating TBIs.
The results have implications for the assessment
and management of this patient population and
highlight the need for long-term individualized
care, particularly considering the large variety of
symptom presentation and apparent lack of clear
chronic TBI presentation.

Eierud, C., Nathan, D. E., Bonavia, G. H.,
Ollinger, J., & Riedy, G. (2019). Cortical
Thinning in Military Blast Compared to
Non-Blast Persistent Mild Traumatic Brain
Injuries. NeuroImage: Clinical, 22, 101793.
doi:10.1016/j.nicl.2019.101793
Most mTBI patients fully recover within three
months; however, a subset of military mTBI
patients report persisting, chronic post-concussive
symptoms. Though blast is a significant cause of
mTBI in Service members, there are no biomarkers
that distinguish blast injury mechanisms (e.g.,
primary versus secondary), a distinction that
may be important for improved assessment and
treatment of TBI. The aim of this study was to
examine the differences in cortical thickness
between blast-induced and non-blast-induced
chronic mTBI patients. Results show that blastinduced chronic mTBI participants had significantly
reduced cortical thickness compared with nonblast-induced chronic mTBI participants. The
reduction in cortical thickness occurred in two
bilateral clusters; the clusters in both left and
right hemispheres overlapped with the lateral
orbitofrontal, rostral middle frontal, and medial
orbitofrontal cortices. This is the first study that
has identified cortical thickness differences
between blast and non-blast mTBI groups.
Confirmation of these results is needed, but
the preliminary results indicate that primary
blasts cause a unique injury pattern, specifically
a reduction in cortical thickness within certain
brain regions. These results could contribute
to the development of sensitive diagnostic
techniques that can adequately detect cortical
changes caused by microscopic neuronal damage
and enhance predictive accuracy of long-term
diagnoses that may not be detected using
conventional clinical tools.

Liu, W., Yeh, P.-H., Nathan, D. E., Song, C.,
Wu, H., Bonavia, G. H., . . . Riedy, G. (2019).
Assessment of Brain Venous Structure in
Military Traumatic Brain Injury Patients
using Susceptibility Weighted Imaging
and Quantitative Susceptibility Mapping.
Journal of Neurotrauma, 36(14), 2213-2221.
doi:10.1089/neu.2018.5970
The cerebral vasculature is vulnerable to damage
through TBI, which can cause micro-bleeding,
reduced local perfusion, or changes in oxygen
metabolism. To advance effective treatment
strategies, a better understanding of vascular
injuries, particularly subtle vascular injuries,
resulting from a TBI is needed. The aim of this
study was to characterize the overall state of
venous structures in TBI patients using the noninvasive approaches of susceptibility weighted
imaging (SWI) and quantitative susceptibility
mapping (QSM). A total of 147 participants with a
range of TBI severities (severe, moderate, and mild)
and injury mechanisms (blast-related and nonblast-related) were included in the study. Results
from the SWI approach showed a trend towards
increased venous volume with TBI severity. Results
from the QSM approach showed that compared
with control subjects, TBI patients of all severities
had significantly increased segmented volumes.
The segments encompass some perivascular and
deep white matter areas in addition to venous
structures, which may represent damage in the
perivascular regions. Venous volumes in blast
and non-blast mTBI patients were not significantly
different; however, blast mTBI patients did have
significantly more symmetry in venous volume
between right and left hemispheres. Overall,
both SWI and QSM approaches showed increased
volumes above the lateral ventricle in TBI patients,
with severe TBI patients having the largest increase
compared with controls. These results shed light
on the state of venous structures in TBI patients,
lending support to the hypothesis that TBI is a
cerebrovascular injury.
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Brungart, D., Kruger, S., Kwiatkowski, T.,
Heil, T., Highland, K. B., Cohen, J., . . .
Zion, D. J. (2019). The Effects of BlastRelated Neurotrauma on Aurally Aided
Visual Search While Standing and Walking.
Journal of Neurotrauma, 36(16), 2443-2453.
doi:10.1089/neu.2018.5630

Brungart, D. S., Kruger, S. E., Kwiatkowski,
T., Heil, T., & Cohen, J. (2019). The Effect
of Walking on Auditory Localization, Visual
Discrimination, and Aurally Aided Visual
Search. Human Factors: The Journal of the
Human Factors and Ergonomics Society, 61(6),
976-991. doi:10.1177/0018720819831092

Service members who have suffered mild
traumatic brain injury due to blast exposure (bTBI)
often report post-concussive symptoms consistent
with auditory, visual, or vestibular impairments
even when they score within the normal range on
traditional clinical tests of sensory function. One
possible explanation for this discrepancy is that
patients who score in the low-normal range in
more than one sensory modality may be severely
impaired in tasks that require multisensory
integration. This study evaluated unimodal and
multi-modal sensory performance in Service
members with bTBI and healthy controls by having
them conduct four tasks while walking or standing
in an immersive virtual environment: an Auditory
Localization task (AL) where they moved a cursor
to the perceived location of a sound; a Visual
Discrimination task (VD) where they distinguished
between two visual targets; an AAVS where they
used an auditory cue to locate and identify a visual
target hidden in a field of visual distractors; and a
Visual-Only Visual Search task (VOVS) where they
located and identified a visual target in a field of
distractors with no auditory cue. The results show
the bTBI and healthy control groups performed
equivalently in the AL and VD tasks, but that the
bTBI group responded roughly 15 percent slower in
the AAVS task and 50 percent slower in the VOVS
task. Walking had no effect on performance in the
visual-only tasks, but both groups responded faster
while walking in the AL and AAVS tasks without any
reduction in accuracy.

The present study was designed to examine the
impact that walking has on performance in auditory
localization, visual discrimination, and aurally
aided visual search tasks. Auditory localization
and visual search are critical skills that are
frequently conducted by moving observers, but
most laboratory studies of these tasks have been
conducted on stationary listeners who were either
seated or standing during stimulus presentation.
Thirty participants completed three different tasks
while either standing still or while walking at a
comfortable self-selected pace on a treadmill: (1)
an auditory localization task, where they identified
the perceived location of a target sound; (2) a
visual discrimination task, where they identified
a visual target presented at a known location
directly in front of the listener; and (3) an aurally
aided visual search task, where they identified a
visual target that was presented in the presence
of multiple visual distractors either in isolation or
in conjunction with a spatially co-located auditory
cue. Participants who were walking performed
auditory localization and aurally aided visual search
tasks significantly faster than those who were
standing, with no loss in accuracy. The improved
aurally aided visual search performance found in
this experiment may be related to enhanced overall
activation caused by walking. It is also possible
that the slight head movements required may have
provided auditory cues that enhanced localization
accuracy. The results have potential applications
in virtual and augmented reality displays where
audio cues might be presented to listeners while
walking.
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Popescu, M., Popescu, E. A., DeGraba, T. J.,
Fernandez-Fidalgo, D. J., Riedy, G., & Hughes,
J. D. (2019). Post-Traumatic Stress Disorder
is Associated with Altered Modulation of
Prefrontal Alpha Band Oscillations During
Working Memory. Clinical Neurophysiology,
130(10), 1869-1881. doi:10.1016/j.
clinph.2019.06.227
Recent evidence has shown that blast injury
can affect the brain mechanisms that mediate
responses to psychological stressors, increasing
the likelihood that PTSD symptoms will
develop following exposure to psychological
trauma. Symptoms present with PTSD include
re-experiencing of the traumatic event through
intrusive thoughts, nightmares, and flashbacks,
emotional distress and physical reactivity to
reminders of the traumatic event, emotional
numbing, irritability, and difficulty sleeping and
concentrating. Accumulating evidence suggests
that these symptoms are associated with
impaired executive function and attentional
control, including working memory function,

although the underlying pathophysiological
mechanisms are unknown. The aim of this
study was to examine the relationships among
PTSD symptoms, the modulation of alpha band
oscillations during a working memory task
and working memory performance in Service
members with varying PTSD symptom severity.
MEG data were recorded while study participants
performed a variation of the Sternberg working
memory task. Results revealed that the severity
of PTSD symptoms negatively correlated with
the magnitude of increase in alpha band power
during the retention interval of the working
memory task. More severe PTSD symptoms
were also associated with a higher rate of false
positive responses, indicating an ineffective
suppression of memory traces for irrelevant or no
longer relevant information in PTSD, which may
predispose patients to re-experiencing symptoms.
These results suggest that the lower amplitude of
prefrontal alpha band oscillations may represent
an important physiological basis for core PTSD
symptoms and could be a potential target for
PTSD therapies.
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Lippa, S. M., Yeh, P. H., Gill, J., French, L. M.,
Brickell, T. A., & Lange, R. T. (2019). Plasma
Tau and Amyloid are Not Reliably Related to
Injury Characteristics, Neuropsychological
Performance, or White Matter Integrity in
Service Members with a History of Traumatic
Brain Injury. Journal of Neurotrauma, 36(14),
2190-2199. doi:10.1089/neu.2018.6269
Recovery after TBI is variable. Most who sustain
a mild TBI recover within three months, whereas
a small proportion continue to experience chronic
symptoms for months or years post-injury. It is
possible for those who sustain moderate, severe,
or penetrating TBI to have good outcomes, but
there are many who have long-term neurocognitive
deficits. Considering this variability in recovery
from TBI, reliable biomarkers are needed to identify
TBI and reliably predict recovery outcomes. Two
plasma biomarkers known to be affected by brain
injury and are historically related to cognitive
impairment are plasma tau and peripheral amyloidbeta 42 (Aβ42). However, their correlation
with white matter integrity and neurocognitive
performance in TBI patients is not yet well
understood. The aim of this study was to examine
the relationship between neuropsychological
functioning, white matter integrity, and plasma
tau and Aβ42 in Service members with varying
degrees of TBI. Results from the study did not
identify significant relationships between plasma
tau and Aβ42, neuropsychological performance,
white matter integrity, age, education, time since
TBI, number of TBIs, bodily injury severity, sex, and
race. These results indicate that larger samples of
TBI patients may be needed. Regardless, the study
has narrowed the field of candidate biomarkers
that could be more promising in the diagnosis,
management, and treatment of TBI.
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Vaudreuil, R., Avila, L., Bradt, J., & Pasquina,
P. (2019). Music Therapy Applied to Complex
Blast injury in Interdisciplinary Care: A Case
Report. Disability and Rehabilitation, 41(19),
2333-2342. doi:10.1080/09638288.2018.14
62412
In 1942, the Secretaries of the Army and Navy
created the Music Advisory Council, which
established music as a therapeutic tool in the
VA health care system. In the decades since,
music therapy interventions have been used in
military health care settings. Music therapy is
increasingly useful in treating complex blast-related
injuries and the invisible wounds experienced
by Service members, including those returning
from combat zones. The goal of this case report
was to describe the role of music therapy in the
rehabilitation of U.S. Army Captain (CPT) Luis
Avila. In 2011, while deployed to Afghanistan, CPT
Avila sustained severe life-threatening injuries
and successfully used music therapy in his
ongoing recovery process. CPT Avila requested
publication of this case report with the hope that
it will inspire others with similar injuries to explore
music therapy as a viable option for stand-alone
intervention and co-treatment. This case report
illustrates the effective use of music therapy to
provide emotional support, encourage familial
engagement, enhance community integration,
improve speech and communication, increase
cognition, and activate motor skills. CPT Avila’s
case also exemplifies the positive impact of using
music therapy in conjunction with speech language
therapy, physical therapy, occupational therapy,
and assistive technology services. This report
adds to the growing body of evidence that speaks
to the effectiveness of music therapy for militaryconnected populations.

Photo courtesy of NICoE
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Way Forward
Over the next decade, the NICoE will leverage its
unique position and capabilities to strive to be
a leader in TBI care, education, and research.
The juxtaposition of clinical care, research, and
advanced informatics at the NICoE creates a
reciprocally beneficial infrastructure and a robust
interdisciplinary clinical research environment.
Collaboration – The NICoE will continue to
develop and strengthen collaborative efforts
with organizations within the MHS and
academic institutions across the country. These
partnerships will be key to sharing relevant data
and findings with the larger TBI/psychological
health community. The NICoE will strive to be a
beacon of leadership and innovation in support of
the maturation of the Intrepid Spirit Partnership
network, a national network of ISCs, who work
collaboratively to augment the effectiveness of
TBI care delivered to patients and families (Figure
6-4). This partnership is integral for addressing
the ongoing challenge of treating TBI and is made
possible by the NICoE-developed TBI Portal, which
integrates clinical, research, and administrative

data across the network. As the network matures
it will enable the formation of new research
capabilities, such as a clinical trial network, which
can be a valuable mechanism to coordinate trial
design, data collection, data sharing, and data
use, resulting in increased trial efficiency and
the acceleration of the evaluation and possible
translation of promising treatments. Coordination
across the ISC network has already identified the
need for core evaluations and outcome metrics
to enhance the ability to measure treatment
effectiveness.
“Looking back to move forward” – The NICoE
will capitalize on ten years of data. Over the last
decade, NICoE researchers have collected a
tremendous amount of clinical data through its
database protocol and have created one of the
most extensive brain image libraries in the world.
These resources continue to grow and be refined
as more patients are treated at the NICoE. Future
research programs will focus on analyzing these
datasets and sharing insights across the wider
community.

FIGURE 6-4: NICoE and Intrepid Spirit Center Partnership Network
NICoE

Intrepid Spiri Center:
Open or Under Construction

Intrepid Spirit Center:
To Be Built

JOINT BASE
LEWIS-MCCHORD

NICoE

FT. CARSON

FT. BELVOIR

FT. CAMPBELL

CAMP
PENDLETON

FT. BRAGG
FT. BLISS
EGLIN AFB
FT. HOOD
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CAMP
LEJEUNE

Please note that the Intrepid Spirit
Center at Eglin Air Force Base was
under construction in FY19

In 2020, the NICoE is poised to advance
TBI research pertaining to military
Service members and their Families. The
nesting of NICoE as a directorate within
the MHS’s flagship MTF, WRNMMC, in
2015 and, more recently, the transition
of all military MTFs under the command
and control of DHA in 2019, positions
the NICoE and partner ISCs in an
auspicious organizational environment
to forge collaborative partnerships. Many
active collaborations have already been
developed including those with NIH, VA,
DVBIC, CNRM, USU, and a range of others
across academia and industry. Still,
the crystallization of the NICoE and ISC
Network opens additional possibilities
to support DoD TBI research to further
scientific and clinical translational
advances.

Photo courtesy of NICoE
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T

he Blast Injury Research Coordinating
Office’s (BIRCO) Executive Agent (EA)
support mission is to coordinate DoD blast
injury research investment and leverage
expertise to develop strategies that prevent,
mitigate, or treat blast injuries. To inform the EA
of accomplishments throughout the blast injury
research community, BIRCO requested data from
DoD organizations engaged in medical and nonmedical blast-related research that occurred in
FY19. BIRCO received 89 responses, summarized
in the following chapter and organized by the DoD
Blast Injury Research Program’s key program areas:
Injury Prevention, Acute Treatment, and Reset.
Each accomplishment adds to the knowledge base
for blast injury research and refines the strategies
that prevent blast injury or allow injured Service
members to return to duty (RTD) and maintain an
active lifestyle.

Program Area: Injury Prevention
Research on blast injury prevention considers
the entire spectrum of potential injuries, from
primary to quinary. The design of prevention
systems requires understanding of the mechanism
of injury; thus, significant research efforts are
focused on replicating blast exposure conditions
in the laboratory and determining blast injury
mechanisms using animal and computational
models. Researchers are also collating clinical
and theater data to analyze blast threats
and assess personal protective equipment
performance. The acquired data will help refine
safety thresholds for human exposure to blast,
support the design of protection systems,
strengthen guidelines for the safe use of weapon
systems, and identify biomarkers and potential
treatment targets. Findings are shared between
the military and civilian research and development
communities to encourage greater use and
availability of protective measures against blast
events in both sectors.

Injury Risk Assessment and Criteria
Development
Longitudinal Review of Marine Health
Information for Predictors of Neurological
Injury
In 2018, Headquarters, Marine Corps Directorate
of Analytics & Performance Optimization
(MCDAPO), in collaboration with the Navy Marine
Corps Public Health Center, initiated a longitudinal
record review of the medical encounter data of 56
Service members from Fox Battery 2nd Bn/10th
Marines (F 2/10), which fired an unusually high
number of artillery rounds while deployed during
April–September 2017. Initial analysis revealed
that these Service members suffered a higher rate
of traumatic brain injuries (TBIs) than the rest of
the artillery community.
In subsequent analyses, MCDAPO examined
medical data for 448,980 active-duty Marines
from FY08–FY18. Approximately 7.5 percent of
the force experienced at least one TBI, and three
percent experienced multiple TBIs. Approximately
14 percent of artillery Marines were diagnosed
with a TBI or blast overpressure-related injuries at
some point in their careers. MCDAPO identifies
medical diagnoses using Versions 9 and 10 of
the International Statistical Classification of
Diseases (ICD-9 and ICD-10) codes captured
in the Comprehensive Ambulatory/Professional
Encounter Record, Standard Ambulatory Data
Record, Standard Inpatient Data Record, and
Theater Medical Data Store. In FY17 alone, there
were more than 39,000 unique electronic health
records with a diagnosis of interest.
MCDAPO focused their analysis on TBI,
musculoskeletal, and sensory-related codes.
MCDAPO identified that artillery Marines,
regardless of whether they have deployed or
not, suffer a higher rate of TBIs and sensory
injuries in comparison to Marines in other military
occupational specialties (Figure 7-1).
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FIGURE 7-1: Percent of diagnosed injuries among Marines of artillery, combat arms, or other military occupational specialties (MOS).
(Figure used with permission from the authors).

Among artillery Marines who deploy, this difference
is exacerbated the more frequently they deploy.
Data also indicate that once artillery Marines suffer
a TBI, they become more susceptible to suffering
additional TBIs and to spending extended periods of
time on limited duty.
Further highlighting the health risks inherent in
artillery training independent of combat, MCDAPO
found that more than 25 percent of artillery Marines
who go on their first combat deployment (defined
as deploying to a combat tax-exclusion zone and
receiving imminent danger pay) have already been
diagnosed with a sensory injury or TBI. Additionally,
in the five months prior to a combat deployment,
TBIs suffered by artillery Marines increase by a
factor of four.
When scaled to future combat against peer/
near peer adversaries, these findings suggest the
artillery community could suffer injuries faster than
combat replacements can be trained to replace
them. Such human costs should be incorporated
into the evaluation of future programs, systems,
and training evolutions.
This study was conducted by the Marine Directorate
of Analytics & Performance Optimization.
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Blast Exposure Monitoring for Traumatic Brain
Injury Prevention
Increasing interest from public and private sectors
resulted in Section 734 of the FY18 NDAA, which
requires the Secretary of Defense to conduct
a longitudinal medical study on blast pressure
exposure of members of the Armed Forces during
training and combat. The overall goal is to keep
the operator highly optimized and lethal, longer.
Part of Warfighter health and optimization is
to improve the status-quo for identifying blast
overpressure exposure that occurs with heavy
weapon system use, breaching, and other
dynamic training environments and mitigate any
unnecessary exposure without degrading the
quality of training. Currently, exposure to blast
mainly relies on subjective measures and selfreporting, which results in very limited identification
and quantification of exposure to blast that actually
occurs.
In support of the Brain Health Initiative, the U.S.
Army Medical Materiel Development Activity
(USAMMDA) Warfighter Brain Health Project
Management Office (WBH PMO) worked in
collaboration with Special Operations Forces
Acquisition, Technology, and Logistics (SOF AT&L)
Program Executive Office – SOF Warrior, U.S.

Special Operations Command (USSOCOM) Surgeon
Cell, SOF AT&L Science & Technology Directorate,
Defense Health Agency, Military Operational
Medicine Research Program (MOMRP), and Joint
Program Executive Office for Chemical, Biological,
Radiological and Nuclear Defense (JPEO-CBRND)
to define the scope of the problem, collect lessons
learned from previous DoD blast monitoring efforts,
and engage stakeholders to get user buy in, involve
industry, leverage existing pathways/resources, and
stimulate a joint collaboration between USSOCOM
and conventional forces.
Warfighters require a lightweight, low profile,
wearable, multi-point mounting/sensing gauge for
longitudinal monitoring of blast pressure exposure
when operating any high overpressure weapon
system during training and combat. The blast
exposure monitoring (BEMO) system will have a
plug in to the Android Tactical Assault Kit (ATAK) for
automated wireless data capture and enhanced data
reporting capabilities. Data will push to a Tactical
Assault Kit (TAK) Server that will interface with
Smartabase, the SOF selected human performance
data management system. This pathway will
eventually interface the DoD Joint Health Risk
Management Portal that will be stood up in the next
24 months. In prioritizing needs around the operator
and maximizing return on investment for the
Warfighter, the first prototype for this BEMO pathway
will provide an intuitive ATAK graphic user interface
(GUI) to enhance data reporting and real-time
situational awareness of blast exposure. Under the
current Cooperative Research and Development
Agreements in place, the top performers will
complete their initial prototype by FY20; the main
objective of this first increment is to demonstrate
proof of concept for automated wireless data
capture and transmission to ATAK and Smartabase.
The initial prototype will be tested by USSOCOM
operators who will provide feedback to guide
subsequent competitive prototyping the government
is pursuing under upcoming other transaction
authority (OTA) agreements in FY20-21.
This program is managed by the USAMMDA WBH
PMO.

Discordance between Documented Criteria and
Documented Diagnosis of Traumatic Brain Injury
in the Emergency Department
This study involved scientists at the Center for
Neuroscience and Regenerative Medicine (CNRM)
and National Institutes of Health (NIH) who reviewed
the clinical records of 1,641 patients seen in an
emergency department (ED) with suspected TBI
and received a head computed tomography (CT)
scan for their evaluation. The authors found that
of those patients meeting American Congress of
Rehabilitation Medicine diagnostic criteria for TBI,
only 47 percent had actually received a documented
diagnosis of TBI in the clinical records. A greater
proportion of those without an ED diagnosis of TBI
were discharged home, compared to those with a
documented diagnosis of TBI (58 percent versus 40
percent). They concluded that improved awareness
and implementation of established diagnostic
criteria for TBI is important in the ED. This work was
published in the Journal of Neurotrauma (Cota et al.
2019).
Support for this work included funding from the
Intramural Research Program at the NIH and the
DoD through the CNRM.
Risk of Post-Traumatic Knee Osteoarthritis After
Knee Injury in Military Service Members
Through collaboration and funding from the
DoD/VA Extremity Trauma & Amputation Center
of Excellence, Naval Health Research Center
explored osteoarthritis (OA) outcomes in Service
members who experienced a traumatic knee injury
on deployment. Using the Expeditionary Medical
Encounter Database (EMED), the study identified the
incidence and risk of post-traumatic osteoarthritis
(PTOA) after a traumatic knee injury based on injury
type and examined the time from injury to PTOA
diagnosis.
The EMED was queried for all deploymentrelated traumatic knee injuries from 2001–2016.
Subsequent diagnosis of knee OA in this population
of injured Service members was identified. Time to
knee PTOA diagnosis was determined and logistic
regression was used to obtain odds ratios (ORs) (95
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percent confidence interval [CI]) between knee injury
type and development of PTOA. A total of 345 (9.57
percent) of the 3,605 subjects were diagnosed with
PTOA. The median time to diagnosis was 4.1 years.
Four primary diagnoses remained significantly
associated with PTOA after adjusting for age and
injury severity score: fracture (adjusted OR [aOR] =
1.36; 95 percent CI 1.02, 1.82), sprain (aOR = 1.59;
95 percent CI 1.23, 2.06), dislocation (aOR = 3.70;
95 percent CI 2.09, 6.55), and derangement (aOR
= 2.38; 95 percent CI 1.33, 4.28). Subjects were
significantly less likely to develop PTOA after a soft
tissue injury (aOR = 0.44; 95 percent CI 0.41, 0.75).
A substantial number of individuals with a traumatic
knee injury developed early PTOA (9.6 percent).
PTOA causes pain and disability, and diagnosis of
OA is associated with a higher incidence of disability
and medical discharge from military service than
any other condition. Early identification of cases
would allow for preventative intervention.
This study was sponsored by the DoD/VA Extremity
Trauma & Amputation Center of Excellence.
Risk of Lumbar Spine Injury in Vertical Impact
Acceleration Events
Vehicle underbelly blast exposures and helicopter
crashes are two unique military events that expose
seated occupants to high vertical accelerative
loads. Seating systems provide protective
countermeasures through their designs, which
mechanically dissipate some of the vertical loads
to mitigate the risk of injuries. However, legacy
seat performance specification only requires
performance metrics measured on the seat, not in
the anthropomorphic test devices (ATDs) used as
human surrogates. Lumbar load cell-compressive
force thresholds of 1,500 and 2,065 pounds have
been recommended, but these thresholds have not
been validated.
The U.S. Army Aeromedical Research Laboratory
developed human thoracolumbar injury tolerance
data by subjecting male post-mortem human
subjects (PMHS), seated in a rigid seat, to vertical
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acceleration conditions consistent with legacy
crashworthy seat performance requirement levels.
FY20 research will expand to include female PMHS.
Matched-pair tests are being conducted with two
different ATD types, the standard automotive
50th percentile Hybrid III and the Federal Aviation
Administration (FAA) modified 50th percentile
Hybrid III. Additional tests were conducted with the
Warrior Injury Assessment Manikin (WIAMan). The
collected ATD sensor data were used to develop
Injury Assessment Reference Curves (IARCs), which
will result in recommendations suitable for use in
updated seat requirements. Preliminary analysis
based on sustaining a severe thoracolumbar injury,
defined as an injury with an Abbreviated Injury Scale
(AIS) score of 3 or greater (AIS 3+), resulted in the
generation of preliminary IARCs for the standard
automotive and FAA modified Hybrid III ATDs
(Figure 7-2).
These IARCs reveal a performance difference in
compressive lumbar load measurements between
the two ATD types when exposed to vertical
accelerations. They also suggest that previously
recommended ATD lumbar compressive load
thresholds are too high. Use of incorrect ATD load
thresholds in the design, development, and fielding
of crashworthy and blast-worthy seats would result
in exposing Soldiers involved in events with high
vertical accelerations to a high risk of serious
thoracolumbar injury. Preliminary recommendations
have been shared with organizations supporting
Future Vertical Lift (FVL) and Next Generation
Combat Vehicle efforts. The implementation of
IARCs into FVL development efforts will directly
improve Service member safety in a potential time
of armed conflict. Aviators facing new threats will
be better protected in the event of a crash or hard
landing.
This effort was supported by MOMRP/Joint Program
Committee (JPC)-5.

FIGURE 7-2: Preliminary injury risk curves (IRC), based on an Abbreviated Injury Scale score of 3 (AIS 3+) or greater, for lumbar
compressive forces measured in the standard automotive and Federal Aviation Administration (FAA) modified Hybrid III
Anthropomorphic Test Device. (Figure used with permission from the authors).

Continuous Near-infrared Spectroscopy
Demonstrates Limitations in Monitoring the
Development of Acute Compartment Syndrome
in Patients with Leg Injuries
Treatment of acute compartment syndrome (ACS)
depends on prompt recognition of the onset of
myoneural ischemia so that a fasciotomy can
be performed before irreversible tissue damage
occurs. The diagnosis of ACS is challenging
because the symptoms are difficult to elicit and
easily attributable to the injury itself. Since ACS is
associated with elevated intramuscular pressure
(IMP), IMP is often measured in patients with limb
trauma despite several drawbacks. However, there
is little consensus on how IMP should be used in
decision-making regarding fasciotomies.
Given the problems in diagnosing ACS, tissue
oximetry using near-infrared spectroscopy (NIRS)
has been proposed as a diagnostic tool. NIRS
measures tissue perfusion and numerous reports
have suggested that NIRS is of value in assessing
tissue ischemia occurring with the onset of ACS.
Since IMP and NIRS are both readily measured,
and must be interpreted along with evolving clinical
signs, the Predicting Acute Compartment Syndrome

(PACS) study incorporated IMP and NIRS data
collection with the goal of developing a decision
rule for predicting ACS. During the PACS study,
investigators had trouble obtaining continuous NIRS
measurements and reported on their experience to
inform future investigations.
Data for 185 patients with lower-leg injuries
were collected, consisting of continuous NIRS
measurement of the oxygen saturation in the
anterior compartment of the injured limb and
the contralateral (control) limb, and continuous
IMP recording in the anterior and deep posterior
compartments of the injured leg as part of their
participation in a multi-center trial. All monitoring
was performed for a prescribed duration. For both
types of data, the percentage of valid data capture
was defined as the ratio of the minutes of observed
data points within a physiological range to the total
minutes of expected data points. Clinically useful
NIRS data required simultaneous data from the
injured and control limbs to calculate the ratio.
Statistical tests were used to compare the two
methods as well as factors associated with the
percent of valid NIRS data capture.
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Clinically useful NIRS data were available a median
of 9.1 percent of the expected time, while IMP data
were captured a median of 87.6 percent of the
expected time. These data raise questions about
the utility of current NIRS data-capture technology
for monitoring oxygenation in patients at risk of ACS.
ACS continues to be a serious potential complication
for Service members who survive high-energy blast
injuries. Future investigations should carefully
assess the utility of continuous NIRS data in
predicting ACS.
This effort was managed by CDMRP with support
and program oversight by CRMRP/JPC-8.

Hearing Loss and Protection
Shockwave-induced Cochlear Gene Expression
Changes Associated with Auditory Deficits in
Rats
The prevalence of blast injuries yielding both shortand long-term auditory deficits necessitates a

(a)

deeper understanding of the associated pathological
processes occurring in the inner ear. To gain
insights into the molecular changes occurring at
both acute and chronic phases of hearing loss
injuries, researchers at the Walter Reed Army
Institute of Research (WRAIR) analyzed cochlear
gene expression changes in rats after exposure to
blast overpressure in an advanced blast simulator.
Using Next Generation Sequencing technology,
1,158 differentially expressed genes (DEGs) were
identified at one day post-injury (Figure 7-3). Gene
ontology (GO) enrichment analysis revealed that
biological processes involved in the upregulated
genes (40 percent of total) were associated with
defense functions (Figure 7-4). The downregulated
genes (60 percent of total) were involved mostly in
biological functions including cellular homeostasis,
synaptic transmission and plasticity regulation, cellto-cell signaling, regulation of exocytosis, cation
transport, regulation of neurotransmitter transport,
and cell morphogenesis. In comparison to the acute
phase, only 49 DEGs (63 percent upregulated and
37 percent downregulated) were identified at 28
days post-injury. Seven DEGs were identified in both

(b)

FIGURE 7-3: Alterations in differentially expressed genes (DEGs) after blast exposure. RNA-seq analysis from inner-ear tissues
demonstrated that the overall DEGs significantly up- (red) and down- (blue) regulated genes at 1 day (a) and 28 days (b) post-blast
exposure. (Figure used with permission from the authors).
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(a)

(b)

FIGURE 7-4: Gene Ontology (GO) enrichment analysis. (a) The top categories in biological processes at 1-day post-injury. (b) The
category in antigen processing and presentation was significant at 28 days post-injury. (Figure used with permission from the authors).

phases; these genes were associated with inner ear
mechanotransduction, cytoskeletal reorganization,
myelin development, and axon survival.
These findings have helped researchers understand
which specific genes may be pivotally involved in
both short- and long-term blast-induced hearing
loss. Further study of altered gene expression can
provide critical insights leading to the identification of
pharmacotherapeutic targets for treating, preventing,
or reversing blast-induced auditory deficits.
This effort was supported by MOMRP/JPC-5.
Progressive Hearing Damage After Exposure to
Repeated Low-intensity Blasts in Chinchillas
Researchers investigated acute and progressive
hearing damage in chinchillas after exposure to
repeated low-intensity blasts (Figure 7-5). The
protective mechanism of hearing protection devices
(e.g., earplug) was also assessed. There were three
major findings from this study: acute hearing damage
immediately following blast exposures was impacted
by the number of blast exposures in both open and
protected ears; three blasts induced permanent
hearing damage in open ears while only temporary

damage occurred in protected ears; and damage was
observed in both the peripheral and central auditory
systems as reflected by the auditory brainstem
response, distortion product otoacoustic emission,
and middle-latency response results.
This effort was managed by CDMRP with support and
program oversight by MOMRP/JPC-5.
Effect of Blast Overpressure on the Mechanical
Properties of the Human Tympanic Membrane
Blast overpressure is known to cause both acute
and chronic hearing damage in exposed Service
members. The impact of blast overpressure on
the mechanical property change of the tympanic
membrane (TM) in humans was evaluated using a
micro-fringe projection system with pressure loading
applied on the entire TM suspended on an annulus.
The measurement technique used in this work was
in situ and did not induce potential damage to the
TM in preparation. This technique allows for a more
accurate evaluation of the blast effect on the human
TM mechanical properties change.
This work provides an understanding of the hearing
damage induced by blast exposure at different
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FIGURE 7-5: (A) Schematic of animal experimental setup with blast apparatus. (B) Diagram showing the location of two pressure
sensors installed into the ear: one was ﬁxed at the entrance of the ear canal (P0) and another one ﬁxed in the canal wall near the
tympanic membrane (P1). (Figure used with permission from the authors).

aspects in relation to blast overpressure, as well as
of the protection mechanisms of hearing protective
devices to blast exposure.
This effort was managed by CDMRP with support
and program oversight by MOMRP/JPC-5.

Repetitive Blast Exposure
Neurosensory Changes Following Low-level
Repeated Blast Exposure
Exposure to repeated blasts can cause impairment
of neurosensory systems, but currently there
are no set guidelines for limits on exposure to
repeated blasts for Service members. Researchers
conducted a study to assess the auditory, visual,
and neurological impacts of repeated low-level blast
exposures in rats. An analysis of distortion product
otoacoustic emissions and auditory brainstem
response indicated that the ear is highly vulnerable
to repeated blast exposures. The visual system is
also vulnerable, as assessed by electroretinogram.
This study provides a first step towards identifying
tolerable thresholds of blast exposures.
This effort was supported by MOMRP/JPC-5.
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The Cognitive and Pathologic Changes after
Repetitive Concussive and Sub-concussive
Injuries in a Human Tau Mouse Model
In an attempt to develop an animal model of chronic
traumatic encephalopathy, researchers employed
repetitive Closed-Head-Impact Model of Engineered
Rotational Acceleration (CHIMERA) injury on
transgenic mice expressing human tau. Animals
were followed for up to 12 months with behavioral
testing and morphologic examination of the brain.
The authors reported persistent behavioral deficits
in injured animals in association with white matter
damage. Importantly, no evidence of tau pathology
or astrogliosis was identified. This work was
published in Neurotrauma (Gangolli et al., 2019).
This work was supported by Defense Medical
Research and Development Program (managed by
CDMRP with programmatic oversight by CCCRP/
JPC-6), NIH, and the CNRM.
Environmental Sensors in Training
Repeated exposures to low-level blasts that
occur in training are associated with concussionlike symptoms in some military personnel. A
recent study hypothesized that occupational blast
exposure does not result in acute neurological

injury, but cumulative exposure to blast may
be responsible for the observed symptoms.
Observational field studies were performed
in conjunction with standard military training
protocols and complemented by laboratory assay
and epidemiological investigations. This work has
delivered exposure data that were used by units
to make changes to their training protocols for
active-duty Service members, thereby reducing
exposure levels from repeated blasts in the training
environment.
This effort was supported by MOMRP/JPC-5.
The Role of Very Low-level Blast Overpressure in
Soldier Health and Readiness
Blast overpressure exposure has been linked to
numerous symptoms and performance deficits in
the affected populations (e.g., law enforcement,
Service members). A question less frequently
asked is: what is the effect of very low-level blast
overpressures – yet high sound pressure – (such
as those experienced on a grenade range, <3
psi [21 kPa]) on those exposed? The current
relevant literature has focused almost exclusively
on auditory defects and has not adequately
addressed the broader concerns of Soldier health
and readiness.
A series of studies demonstrated that low-level
repeated overpressure exposure can result
in transient symptomatology that overlaps
with subconcussive-like effects. Participants
reported experiencing headaches, dizziness,
and cognitive difficulties. Multiplexed serum
biomarker quantitation, coupled with reaction time
assessment and symptoms assessed before and
after blast exposure, may serve as a platform for
tracking adverse effects in the absence of a head
wound or diagnosed concussion.
Data on the immediate neurocognitive decrements
associated with blast exposure will be used by
the operational community in their risk/benefit
assessment.

This effort was managed by CDMRP with support
and program oversight by MOMRP/JPC-5.
Low-intensity Repeated Blast Wave Exposure
Leads to Visual System Damage in Rats
Repetitive low-intensity blast exposures have
been linked to the impairment of neurosensory
systems, prompting concern over the cumulative
deleterious effects of blast and highlighting the
need to define standards to mitigate this risk
among U.S. military personnel. However, there are
no set guidelines establishing cumulative limits
for number and intensity of blast exposures during
training and operations of the Warfighter. Eyes
are at particularly high risk of being wounded by
explosions. Although Service members are issued
protective goggles, eye injuries still occur, largely
due to blast wave penetration. More than half of
blast victims present with vision deficits, such as
abnormal accommodation and photophobia.
Researchers at WRAIR and the University of
Maryland Medical School used a rodent model
to identify the threshold of repeated low-intensity
blast exposures that lead to damage in the visual
system, specifically the retina and optic nerve.
As determined by electroretinography (ERG),
significant reductions in retina signaling of up to
50 percent are observed in rats subjected to 14
or more exposures of a 6 psi (41 kPa) or greater
blast. The loss of retinal function persists out to
28 days of recovery (Figure 7-6). These findings are
corroborated by severe perturbations of neuronal
cell layers and inflammation biomarker proteins
in retina sections by histopathology. Electron
microscopy further shows that the underlying
damage is largely due to marked disruption of
retina photoreceptor outer segments and optic
nerve sheaths, which may arise from shear forces
generated by intraocular translation of the blast
shockwaves (Figure 7-6).
By defining important neurobiological
underpinnings of blast-induced injuries, these
findings demonstrate that the retina and optic
nerve are highly susceptible to repeated exposures
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FIGURE 7-6: Top four graphs: ERG waveforms and peak amplitudes (A- and B-waves) for left and right eyes of shams and those
exposed to blasts of 4 and 6 psi (28 and 41 kPa, respectively), repeated once daily for 14x, and then recovered 28 days. ERGs were
recorded at a light flash stimulus of 10 cd.s/m2. *p ≤ 0.05; significant difference between treatment groups, as by t-test (n = 4, 4, and
5). Bottom two graphs: ERG flash curve responses of shams (2) and those blasted at 6 psi (41 kPa) for 14x, and then recovered 28 days
(3). ERGs were done over a light flash range of 3 log units (0.001 - 1 cd.s/m2). Peak amplitudes of B-waves are shown before and after
normalization to their maximum levels. OD and OS = right and left eye. ERG responses of blasted animals are shifted right to higher
light intensities, indicating a loss in peak amplitudes as well as in light sensitivity of almost 1 log unit. Flash curve graphs are courtesy
of Dr. Mary Johnson, at the University of Maryland Medical School (Baltimore, Maryland).
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of low intensity similar to those experienced by
Warfighters. This provides a first step towards
identifying tolerable thresholds of blast exposure
to prevent potential loss of sight.
This effort was supported by MOMRP/JPC-5.
Expose Rodents to Blast of Varying Frequency
and Intensity
Currently, there are no guidelines that have set
a limit on cumulative blast exposure numbers
and intensities for military personnel in combat
or training operations. The cumulative effects
of blast on blast-sensitive organs such as the
lung are undefined, and these organs may be
especially susceptible to disruption with repeated
exposure. Although lung injury and the associated
pathophysiology in rats have been characterized
across a range of blast intensities in constant
diameter shock tubes and, to a lesser extent,
in divergent cross-section blast simulators, the
cumulative effects of repeated blasts on both the
lung and brain, and the consequent functional
and behavioral deficits have not been thoroughly
investigated.
A recent study investigated lung and brain injury
following exposures to blast in an advanced blast
simulator, which creates flow conditions closely
resembling the Friedlander waves produced in
the “free field” by improvised explosive devices
and other explosive detonations. A preliminary
exposure algorithm based on frank pulmonary
hemorrhage was developed. Current and
continuing efforts aim to determine the algorithm
for neurological outcomes as a function of
frequency and intensity of blast overpressure
exposure(s). This project will lay the groundwork
for developing repetitive blast exposure standards.
This study was sponsored by MOMRP/JPC-5.

Environmental Sensors in Training & Human
Exposure to Occupational Repetitive Blast:
Immediate, Acute, and Longitudinal Effects
Recent studies suggest that repeated low-level
blast exposures, such as those in some military
training, coincide with measurable, yet transient,
effects on the brain without a concomitant
diagnosed injury. WRAIR is conducting multiple
studies in conjunction with routine training to
support evidence-based decisions regarding
blast exposure effects, monitoring feasibility,
and health risk assessments. These studies
characterize personnel exposure from a variety of
weapon systems and environments ranging from
low overpressure (<4 psi [28 kPa]) to moderate
overpressure (4–8 psi [28-55 kPa]) and investigate
neurocognitive performance, symptom reporting,
and physiological responses including blood-based
biomarkers for neurotrauma. Data are collected
within five minutes of blast exposure, at end of
day, and, where available, longitudinally across two
to three years with instructor cadre.
The Environmental Sensors in Training (ESiT)
program began as a U.S. Army Training and
Doctrine Command-led initiative that later
transitioned to a USAMRDC-led research program.
The ESiT builds upon Army policy in 2007 for
Service member helmets to employ electronic
sensor technologies to sense and record
potentially concussive events in deployment
environments and upon Army policy in 2013 that
provided guidance for management of potentially
concussive events in garrison environments
(Headquarters, Department of the Army Executive
Order 165-13). Results are an asset for risk/
benefit assessment and aid in developing
detection and mitigation strategies for Service
members in combat and training environments.
Data from the ESiT program have demonstrated
that current calculations for minimum safe
distance are often inaccurate in complex
environments. Also, in addition to blast
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overpressure, sub-supersonic sound pressure
exposures, including infrasound, appear to be
a key component of risk in these environments.
Cognitive deficits identified immediately after
blast exposure resemble those observed in the
study of concussion with the U.S. Military Academy
boxing program, and this behavioral response
has an association with exposure dose. Changes
in blood-based neurotrauma biomarker levels in
surrogate brains also have an association with
blast exposure, further suggesting a potential
dose-response relationship. Common data
elements for blast sensors that were previously
defined and published with the National Institute
of Neurological Disorders and Stroke have been
adopted by other DoD teams and are being
updated and implemented in a Defense Health
Agency (DHA)/Special Operations Command
Enhanced Capability Demonstration (i.e., Joint
Health Risk Management).
This effort was supported by MOMRP/JPC-5 and
FY18 NDAA Section 734 Working Group.

Equipment Testing
Health Hazard Assessments and Blast
Overpressure Analyses Performed During the
Acquisition of Army Weapon Systems
The U.S. Army Public Health Center (APHC)
performed blast overpressure (BOP) analyses on
four weapon systems during FY19. These BOP
analyses support the Health Hazard Assessments
(HHAs) or consultations associated with each
materiel item. The following weapon systems
were assessed to determine their BOP effects:
the Tube-launched, Optically-tracked, Wire-guided
Missile mounted on the Joint Light Weight Tactical
Vehicle with the Gunner Protection Kit 2.0; the
M69A 82 Millimeter Mortar System; the Modular
Artillery Charge System (MACS) M232A1 Propelling
Charge; and, the MACS M232A2 Propelling Charge.
Each of these weapon systems or cartridges has
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a unique capability to produce large blast events
designed to enhance the lethality of Warfighters
and to protect them during combat.
BOP data was collected for each weapon system
to determine the blast exposure to operators using
the systems. The data were collected at U.S.
Army Redstone Test Center, U.S. Army Yuma Test
Center, and U.S. Army Aberdeen Test Center with
blast test devices at crew positions simulating
the location of personnel during firing events.
Different conditions were tested for each weapon
system using variations in charge, elevation, hatch
and ramp configuration, zone, line of fire, round
conditioning temperature, firing postures, cartridge
types, and location of the blast event depending
on the properties of the weapon system. These
data were then sent to the APHC and analyzed
using the BOP-HHA software version 2.1. It uses
an algorithm based on a biomechanical model of
the thorax that calculates the amount of “push,” or
mechanical work, imparted to the thorax by a blast
pressure wave.
The BOP-HHA algorithm uses the calculated
work values and information about injuries from
over 1,000 blast-exposed animal specimens to
estimate lung injury risk and to determine the
allowable number of rounds (ANOR) to which a
Soldier can be exposed in a single 24-hour period
without damaging one percent or more of the
surface area of the lungs. The ANOR, as well as
quantitative probabilities of lung injury for all lung
injury severity levels, were determined for the
conditions tested for each crew position specific
to each weapon system. The hazard probability
and severity are used to assign a Risk Assessment
Code and resultant Risk Level to each weapon
system for BOP exposure. The APHC publishes
most BOP analyses in the HHA Reports used by
Safety and Occupational Health professionals
during the acquisition process.
The BOP analyses results can be included in

training materials and operator manuals relevant to
the materiel items or systems that were evaluated so
that Commanders may use the information to make
more informed training decisions.
This study was sponsored by the U.S. Army Public
Health Center.
Please see Chapter 5 of this report for more
information on Health Hazard Assessments.
Forcewide Blast Exposure Surveillance System
for the U.S. Navy Explosive Ordnance Disposal
Community
Naval Health Research Center (NHRC) has
established a translational program of research
evaluating blast exposure and its multidimensional
health effects in U.S. Navy Explosive Ordnance
Disposal (EOD) Operators and is in the process of
transitioning their work to a forcewide blast exposure
surveillance system for the Navy EOD community.
NHRC recently reported that blast exposure interacts
with a variant of the serotonin transporter gene
(5HTTLPR), which can be used to predict posttraumatic stress (PTS) symptoms in U.S. Navy EOD
personnel. This study, the first of its kind, examined
whether the interaction of blast exposure and
genetic variant 5HTTLPR predicts PTS symptoms
in 78 military explosives operators. In all models,
blast-exposed 5HTTLPR S carriers displayed
definitively higher PTS symptoms in comparison to
all other groups (non-exposed S carriers, exposed LL
carriers, and non-exposed LL carriers; all p < .01).
Confounding variables such as age and TBI diagnosis
did not impact findings. This study shows that not
only is blast exposure prevalent in EOD personnel,
but it also interacts with genetic predisposition
to predict trauma symptoms in the unique, at-risk
military population.
Building on this work, NHRC is now further evaluating
biobehavioral correlates of blast exposure in Navy
EOD operators. Specifically, NHRC is working to
characterize associations of blast exposure and TBI

with behavioral and cardiovascular health indices
in EOD personnel. In preliminary, age-adjusted
models, individuals with blast exposure reported
greater anxiety symptoms (p < .05) and perceived
stress (p < .05), as well as higher low-density
lipoprotein (LDL; p < .05) and triglycerides (p < .05)
compared to unexposed counterparts. After further
controlling for TBI diagnosis, the observed ageadjusted associations between blast exposure and
behavioral health indices (e.g., anxiety symptoms,
perceived stress) were weakened and no longer
significant, but the associations between blast
exposure and cardiovascular health indices (e.g.,
LDL and triglycerides) persisted. This preliminary
study suggests several novel associations of blast
exposure with behavioral and/or cardiovascular
health status. Further, it implies not only that blast
exposure exerts multifaceted health effects, but also
that the health implications of blast exposure are
distinguishable from that of TBI.
At present, researchers are developing a new
protocol that will establish proof-of-concept for a
longitudinal Blast Exposure Surveillance System
(BESS) for the U.S. Navy EOD community. This
system will quantify blast exposure in EOD operators
with the Blast Exposure Threshold Survey and will
further characterize dose-response associations
between blast exposure and multivariate health
outcomes. Ultimately, the BESS is slated to become
a key element of a comprehensive, forcewide EOD
Operational Health Surveillance System, which
will serve as the chief surveillance instrument in
support of EOD’s newly established Force Resiliency
Program.
This blast exposure research is currently informing
the development and validation of blast exposure
standards for military personnel and will lead to
systematic blast exposure monitoring in vulnerable
military personnel.
This study was supported by the Congressionally
Directed Medical Research Programs (CDMRP) and
MOMRP/JPC-5.
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Mechanisms of Blast Injury
Hierarchical Process Using Brier Score Metrics
for Lower Leg Injury Risk Curves in Vertical
Impact
High energy transfer via impact loads during
combat-related activities can cause lower leg
injuries. Researchers from the Medical College
of Wisconsin investigated a novel approach to
examine which metrics and covariates create the
best parametric survival analysis-based injury
risk curves to describe human tolerance. This
is the first step in describing lower leg injury
criteria under axial loading to the plantar surface
of the foot. Analysis options to develop an
injury risk curve are the area under the receiver
operator curve, Akaike information criterion (AIC),
corrected AIC, Bayesian information criterion (BIC),
corrected BIC, and the Brier Score Metric (BSM).

Researchers found that the BSM-identified optimal
metric (Figure 7-7) will be a better correlate of the
injury/injury mechanism from mechanical loads,
and it will also have greater power/robustness in
predicting injuries to the Service member.
This effort was supported by MOMRP/JPC-5.
Environmental Sensors in Training – Blunt
Impact Exposures
The Military Operational Medicine Environmental
Sensors in Training (ESiT) Research Program
was developed to evaluate the ability of available
environmental sensors (ES) to identify potentially
concussive events resulting from head impact
or blast exposures occurring in military training
environments. Blunt impact exposures may be
experienced as secondary and tertiary responses
to blast exposure, particularly in combat

FIGURE 7-7: Injury risk curves for the BSM-identified optimal metric (force with age as the covariate, 57 years) from the first
series of experiments for the RC-UC and RC-UC-LC data sets. Dashed lines show ±95% CIs. BSM, Brier Score Metrics; RCUC, right and exact/uncensored scheme; RC-UC-LC, right and uncensored/left scheme. (Figure used with permission from the
authors).
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operations. As part of the ESiT program, the U.S.
Army Aeromedical Research Laboratory (USAARL)
has been investigating DoD- and commerciallydeveloped ESs as a tool for identifying potentially
concussive events in military training environments.

efforts are focused on the neurophysiological
performance decrements associated with repeated
sub-concussive exposures and the determination
of a dose-response relationship that can be used to
identify potentially injurious events.

The objective of the study is to identify requirements
for using ESs in military training environments,
provide lessons learned on feasibility and
implementation to the community to develop a
broad-scale surveillance program, and develop
dose-response relationships between exposure and
potential injury. A major hurdle for using ESs in both
blunt and blast environments is the ability to rapidly
process the data without additional verification
and filtering of false events or inadequate data. In
terms of monitoring acceleration exposures, manual
identification of impacts through video confirmation
is currently the best method for verification and
filtering of false events. However, the video analysis
process is labor-intensive, and video verification
cannot be performed in real-time, which limits the
ability to interpret ES data in the field. Recent work
at USAARL has focused on reducing the burden
of data verification for ES data collected in the
field through the development of machine learning
models that classify head accelerations while
disregarding data resulting from sensor motion in
the absence of head motion.

Efficient processing and interpretation of ES data are
required for the devices to be used as surveillance
tools and early indicators of potentially injurious
exposures, which are important for return to duty
timelines and readiness.

Preliminary models were capable of correctly
classifying nearly 90 percent of recorded events
compared to existing techniques, which only
correctly classify 60 percent of events. With the
ability to rapidly verify and filter ES data, more
advanced surveillance for potentially concussive
events and the risk of repeated subconcussive
exposure can be performed. The ability to widely
field and use ESs for surveillance of Service
members exposed to blunt and blast events
depends on both the ability to efficiently process
the data as well as the ability to interpret the data
collected in order to make decisions regarding
individual Service members rather than studying
the overall population. Future and ongoing research

This effort was supported by MOMRP/JPC-5.
Characterization of the Mechanisms of Blastinduced Brain Injury
Blast exposure can cause a wide spectrum of
injuries to the brain, ranging from non-impact,
primary blast-induced TBI to more severe secondary
and tertiary injuries. However, while the more severe
secondary and tertiary types of blast-induced TBIs
(bTBI) may be easier to detect and diagnose, there
is still no consensus on the cause of primary bTBI.
Several competing hypotheses, which can broadly
be grouped into direct cranial and indirect thoracic
mechanisms, have been proposed to explain the
cause of this injury.
To characterize the potential risk of brain injury
associated with each of these mechanisms,
researchers from Biotechnology High Performance
Computing Software Applications Institute, New
Jersey Institute of Technology (NJIT), and WRAIR
carried out a series of experiments to quantify
the nature of the changes in brain tissue due
to direct and indirect mechanisms. To assess
the direct mechanism, researchers exposed
rats to a whole-body or a head-only blast; to
assess the indirect mechanism, they exposed
rats to whole-body or torso-only blast. They then
performed histopathology (silver staining) and
immunohistochemistry of the serially-cut rat brains
to identify changes in the brain tissue due to blast
exposure caused separately by each mechanism.
The results from the histopathological and
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immunohistochemical analyses showed that direct
cranial transmission, rather than indirect thoracic
transmission, is the major contributor of changes in
brain tissue due to primary blast exposure.
The study, which characterized and quantified the
different mechanisms of bTBI, provides knowledge
that is critical to accelerate the pace of research and
development of technologies to mitigate the risks of
this brain injury in Service members.
This effort was supported by MOMRP/JPC-5.

Computational Modeling and
Simulation
Surface Motion Changes of Tympanic Membrane
Damaged by Blast Waves
Primary blast injury to the ear is induced by the
direct effect of blast waves on the tympanic
membrane (TM) and middle ear ossicular chain. The
TM, which is soft tissue found between the ear canal
and middle ear, is critical for transmitting sound
pressure from the environment into mechanical
vibrations in the middle ear. Recent studies
reported that the TM microstructure and mechanical
properties varied after the ear was exposed to
blast overpressure. However, the impact of such
biomechanical changes of the TM on its movement
for sound transmission has not been investigated.
Researchers from University of Oklahoma developed
technology that can detect and simulate the blastinduced microstructural damage in the TM and
improve our understanding of post-blast injuries
in the auditory system. The multilayer TM model
(Figure 7-8) created in this study provides a practical
tool for microstructural biomechanical analysis of
TM damage.
This effort was supported by MOMRP/JPC-5.
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FIGURE 7-8: a) Three-dimensional finite element (FE) model
of the entire ear reported by Zhang and Gan including the ear
canal, middle ear, middle ear cavity, and spiral cochlea. The TM
in this published model was replaced by the multilayer FE model
of the TM with fibrous structure in this study. b) Schematic of
the cross section of the TM model along the circumferential
direction, showing the location where the fibers are inserted
between the respective layers. c) Alignment of radial and
circumferential fiber elements in the pars tensa of the TM.
(Figure used with permission from the authors).

A 3D Computational Head Model under Dynamic
Head Rotation and Head Extension Validated
Using Live Human Brain Data
In order to assess the consequences of dynamic
loading to the head involving head rotation and
head extension, this study employed an advanced
3D computational model of the head that had high
anatomic fidelity, together with measured tissue
properties. The model incorporated the falx and
tentorium and was used to predict shear anisotropy
of the white matter. This work was published in the
Annals of Biomedical Engineering (Lu et al., 2019).
This work was supported by the National Institute
of Neurological Disorders and Stroke and partially
supported by the CNRM and by the Intramural
Research Program of the Clinical Center of the NIH.
Cervical Spine Morphology and Ligament
Property Variations: A Finite Element Study
of Their Influence on Sagittal Bending
Characteristics
A recent study presented a method to identify how
variations in spinal morphology and ligaments
impact flexion-extension responses, which will
help automation efforts in modeling to focus

on variations that matter. Cervical spine disc
height, segmental size, and body depth were the
morphological variations with the greatest impact,
and capsular ligament and ligamentum flavum were
the most important ligament material property
variations (Figure 7-9). This study underscores the
importance of incorporating influential morphology
parameters, easily obtained through computed
tomography/magnetic resonance images, to better
predict subject-specific biomechanical responses
for applications in personalized medicine. The
results have the potential to enhance the field of
computational modeling and medicine, including
military medicine and environmental applications.
This effort was supported by MOMRP/JPC-5.
Forces and Moments in Cervical Spinal Column
Segments in Frontal Impacts Using Finite
Element Modeling
Researchers used spinal tissue to determine the
segmental loads on the cervical spine in frontal
impacts. The study used a three-dimensional finite
element model of the head and neck (Figure 7-10)
and human cadavers. The study underscored the
need to conduct additional research to include

FIGURE 7-9: a) Cut cross-section of C5-C6 segment FE model showing the asymmetric structure of the cervical annulus, mapping
blocks used for mesh-morphing and ligaments represented as membrane elements. b) The vertebral morphological variations
parametrized in this study. FA: Facet Angle, VD: Vertebral Body Depth, DH: Disc height, FH: Facet articular processes height. (Figure
used with permission from the authors).
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FIGURE 7-10: The head-neck finite element model showing a) the various components and b) the system at each cervical spine
vertebra. (Figure used with permission from the authors).

effects of posture and geometrical variations
that exist between males and females for a more
comprehensive understanding of the local loadsharing in frontal impacts.
This effort was supported by MOMRP/JPC-5.

Program Area: Acute Treatment
Research in acute treatment is intended to improve
survivability and mitigate long-term disability
for Service members with the full spectrum of
injuries following blast events. Collaborations
between DoD and partners in the U.S. Food and
Drug Administration (FDA), academia, and the
private sector are investigating new diagnostic
tools, therapies for TBI, hemorrhage control
devices, strategies to mitigate wound infection,
and interventions for facial, auditory, and
visual injuries. This section demonstrates how
the research community is employing novel
neuroimaging techniques, evaluating clinical data,
and experimenting in the laboratory to address

158

CHAPTER 7: DOD BLAST INJURY RESEARCH ACCOMPLISHMENTS

the spectrum of blast injuries. The combined
research efforts will improve our understanding
of the capabilities and limitations of current
technologies; design of new tools; methods to
validate injury mitigation in the pre-hospital setting;
and diagnostics and clinical guidelines for the acute
treatment of blast injuries.

Hemorrhage Control and Resuscitation
Characteristics of Iraqi Patients Treated During
Operation Inherent Resolve by a Forward
Surgical Team
The combat experience during the re-entry stages
of Operation Inherent Resolve was distinct from
other recent operations, but there is no published
literature regarding these “initial entry operations”
experiences among forward surgical teams (FSTs)
deployed to Role of Care 2 facilities. A descriptive
analysis of patients treated by FSTs may provide
valuable information for Role 2 surgical teams
preparing to deploy in support of initial entry

operations. The purpose of this analysis was to
describe injury mechanisms, wounding patterns,
and interventions performed by a small FST in the
re-entry phase in Iraq.
The research was a collaborative effort among
the U.S. Army Institute of Surgical Research
(USAISR), Dwight D. Eisenhower Army Medical
Center Simulation Center, and the DoD Center
of Excellence for Trauma. From July 17, 2015
to January 31, 2016, a split surgical team with
two surgeons and an emergency room (ER)
physician documented care for all patients
treated by their FST located in Iraq. Given their
austere environment, FSTs have limited holding
capacity, blood supply, and ability to triage and
perform advanced procedures. Patients who
arrived at the Role 2 in asystole were ineligible
for the study. The patient population comprised
members of the Iraqi Security Forces as well as
Iraqi civilians.
The final study population included 300 Iraqi
patients. Most patients (96 percent) were
discharged alive. Over one-third of patients (35
percent) had a form of metabolic acidosis, 7
percent were hypothermic, and 18 percent were
in shock at admission. The median amount of
blood products used was six (interquartile ranges
[IQR] = 2–12) units, while the median red blood
cells: fresh frozen plasma ratio was 1.2:1. Six
or more units of blood were given to 67 (22
percent) patients. The top three diagnoses were
laceration (n = 197, 21 percent), penetrating
injury (n = 185, 19 percent), and fracture (n
= 174, 18 percent). A high number of injuries
occurred in the extremities/pelvis and buttocks
(n = 360, 38 percent) and in the abdomen and
pelvic contents (n = 145, 15 percent). Over
a quarter of patients (26 percent) had critical
injuries (i.e., military injury severity score ≥ 25).
Given the Role 2 configuration, these results
demonstrate that FSTs must be capable of
managing critically ill patients with markedly

limited resources. This management includes
general operations in both adult and pediatric
patients, resuscitation with a limited blood
supply, and patient assessment with minimal
to no diagnostic tools. This analysis can inform
resident training, pre-deployment training, as
well as sustainment training for surgeons after
residency.
This effort was managed by CDMRP with support
and program oversight by the Combat Casualty
Care Research Program (CCCRP)/JPC-6.
Blood-based Biomarkers of Mitochondrial
Damage and Mortality Following Blast and
Hemorrhagic Shock in Rats Treated with
Pyruvate
Internal bleeding, which can lead to hemorrhagic
shock and organ failure, is a common negative
outcome of blast exposure. Cell injury and organ
damage have both been linked to mitochondrial
dysfunction. Researchers at the Uniformed
Services University of the Health Sciences
(Bethesda, MD) investigated blood-based
biomarkers of mitochondrial damage in a rat
model.
Rats were exposed to either three repeated
20 psi (138 kPa) shock waves, 60 minutes of
femoral artery bleeding to induce hemorrhagic
shock, or both. After hemorrhagic shock
induction, rats were treated with either hypertonic
sodium pyruvate or vehicle (control). Lactate,
pyruvate, and mitochondrial enzymes were
measured by dipstick test.
Blood lactate clearance rate is a strong predictor
of animal survival outcome following blast and
hemorrhagic shock. In the non-survivor group
of rats with blast and hemorrhagic shock, the
lactate clearance rate was very slow. In contrast,
among survivors with blast and hemorrhagic
shock, lactate clearance rate was higher and
came to almost baseline at the end of a two-hour
study.
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Analysis of blood mitochondrial enzymes (complex
I, complex IV and pyruvate dehydrogenase complex
[PDH]) using a dipstick assay could help predict
and potentially guide the use of mitochondrial
targeted therapies following blast and hemorrhagic
shock. This study demonstrated potential
advancements in prognostication via dipstick
assay and lactate assessment, as well as potential
therapeutics using pyruvate, facilitating lactate
clearance, and/or using mitochondrial targeted
therapies following blast and hemorrhagic shock.
This effort was managed by CDMRP with support
and program oversight by CCCRP/JPC-6.
Resuscitative Endovascular Balloon Occlusion of
the Aorta-induced Myocardial Injury is Mitigated
by Endovascular Variable Aortic Control
Hemorrhage is known to occur with blast injuries.
Minimizing risks associated with the treatment
of hemorrhagic shock is critical to the military,
as this is one of the largest areas of potentially
preventable deaths that occur on the battlefield.
Resuscitative endovascular balloon occlusion
of the aorta (REBOA) is commonly used to treat
hemorrhage, but its cardiac effects are unknown.
In a recent study, researchers tested the impact
of REBOA on the heart using a swine model.
Researchers hypothesized that increased afterload
from REBOA would lead to cardiac injury, but that
partial flow using endovascular variable aortic
control (EVAC) would mitigate this injury.
In a swine model of hemorrhagic shock, complete
aortic occlusion resulted in cardiac injury, although
there was no direct decrease in cardiac function.
EVAC mitigated the cardiac injury and improved
cardiac performance during resuscitation and
critical care. This study highlights the unknown
effects of REBOA and shows in a swine model that
the use of EVAC can mitigate these risks.
This effort was managed by CDMRP with support
and program oversight by CCCRP/JPC-6.
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Freeze-dried Plasma Rolling Biologics License
Application
The current standard of care for hemorrhage
on the battlefield involves the infusion of blood
components such as fresh frozen plasma (FFP) and
liquid-stored platelets, which can only be stored
and administered at reasonably equipped (i.e., Role
of Care 3) facilities. Freeze-dried plasma (FDP) will
be an FDA-approved single-donor, pathogen tested,
universal product made from FFP. FDP offers
coagulation therapy for hemorrhaging patients in a
logistically superior manner by streamlining storage
and logistics requirements, permitting the forward
positioning of FDP closer to the point of injury, thus
improving survivability.
Researchers submitted the first part of the FDP
rolling Biologics License Application (BLA No.
125702) to the FDA on March 29, 2019 for the
limited distribution license under the accelerated
approval pathway. The remainder of the rolling BLA
submission is targeted for submission to the FDA
in FY21. FDP supports preparing for multidomain
combat operations by providing lightweight, mobile,
and effective far-forward treatment of severe blood
loss to get Service members back to the fight as
quickly as possible.
The Part A rolling BLA submission is the first step
towards having a licensed FDP product available
for positioning further forward on the battlefield,
closer to the point of injury to improve survivability
of patients in severe trauma cases.
This effort was supported by USAMMDA.

Photo credit: Michael J. MacLeod/U.S. Army

Valproic Acid as a Neuroprotective Treatment
After Polytrauma
Hemorrhage, TBI, and polytrauma are all
commonly faced by Service members serving
in recent conflicts. Over the last 12 years,
researchers have established that early
administration (single dose) of a commonly used
anti-seizure drug, valproic acid (VPA), can activate
numerous pro-survival cellular mechanisms,
attenuate organ injury, and improve outcomes
after lethal hemorrhage, polytrauma, and TBI.
However, to be effective, this drug must be given in
much larger doses than what has been approved
for clinical practice. Researchers are conducting
a Phase I clinical trial to determine the maximum
safe dose in humans (healthy control subjects and
patients in hemorrhagic shock).
Researchers have also obtained funding for a
Phase 2/3 trial in patients with hemorrhagic

shock. Although the initial FDA application
excluded TBI, recent preclinical data shows that
VPA treatment is extremely effective in decreasing
brain lesion size, minimizing neurological
impairment, and speeding the recovery process.
Due to concerns related to drug toxicity, it is
important to establish the lowest effective dose
of VPA that can improve survival and protect the
brain.
This effort was managed by CDMRP with support
and program oversight by CCCRP/JPC-6.
Prototype Development of a Smart Oxygenation
System to Better Maintain Target Oxygen
Saturation and Provide Life-Saving Intervention
Following Blast Injuries
There is a 50 percent incidence of Acute
Respiratory Distress Syndrome in individuals
who have pulmonary contusions resulting from
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blast exposure. Researchers are developing a
prototype of a Smart Oxygenation System (SOS)
that can better maintain target oxygen saturation,
reduce oxygen utilization, identify and alert
treatment providers of pulmonary dysfunction, and
autonomously provide life-saving intervention (LSI)
following blast injuries that result in concomitant
pulmonary contusions.
The second year of this study will test the reliability
of the SOS in volunteers undergoing hypoxia or
hypoxia plus extrathoracic restriction. In the third
year, studies will be performed in selected patients
undergoing extubation from the operating room
to post-anesthesia recovery units (PACU) and
intensive care units (ICU). The study predicts that
PACU patients (n = 40) will normalize (i.e., no LSI),
an indication of recovering pulmonary function.
The study will also recruit at-risk patients from
the ICU (n = 40) whose extubation will likely fail
and will therefore require a LSI (e.g., re-intubation,
an indicator of pulmonary insufficiency). This will
determine the impact of autonomous delivery of
oxygen on timing of interventions (PACU efficiency
versus ICU rescue ventilation). Other data will be
integrated and analyzed similarly (e.g., low minute
ventilation by Exspiron). Data generated from
these studies will be incorporated into the decision
to support the SOS prototype and will be used to
develop future trials.
Development and implementation of such a
device will better diagnose and provide life-saving
respiratory interventions following blast injuries
that result in concomitant pulmonary contusion.
This effort was managed by CDMRP with support
and program oversight by CCCRP/JPC-6.
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Potential TBI Biomarkers and
Therapeutics
Laboratory Assay for Traumatic Brain Injury
A biomarker is a measurable indicator of a
process, event, condition, or change within the
body. Through research started at WRAIR and
the advanced development acquisition strategy
of the Laboratory Assay for Traumatic Brain
Injury Integrated Product Team (LATBI IPT), two
proteins have been identified and characterized in
the blood of individuals suspected to have a TBI
(ubiquitin C-terminal hydrolase [UCH-L1] and glial
fibrillary acidic protein [GFAP]). Data has indicated
that the presence of both of these biomarkers may
aid in the detection of TBI.
The first increment of the LATBI test recently
completed a 2,000-patient pivotal trial of TBI
patients and received FDA approval to market
with the industry partner Banyan Biomarkers.
The Banyan Brain Trauma Indicator™ blood
serum test can help rule-out the need for a CT
scan of the head within 12 hours of TBI, the
current standard for diagnosis for TBI. Banyan
Biomarkers developed this first increment of
the TBI blood test to run on a benchtop system.
Initial developmental user assessments revealed
the blood test could prevent unnecessary
head CT scans in suspected TBI patients.
The assessments also confirmed needed
improvements, such as shorter assay time
and smaller logistical footprint of the system,
that inform the ongoing second increment of
development.
The second increment in the acquisition strategy,
LATBI-Point of Care, includes the i-STAT blood
analyzer system from industry partner, Abbott. The
i-STAT is currently fielded in medical equipment
sets and is authorized for the evaluation of blood
electrolytes, hematocrit, blood gases, coagulation
markers, and cardiac markers. The goal is to

transition the same
biomarkers from the
Banyan benchtop system
onto a cartridge-based
assay that runs on the
portable i-STAT device
and delivers results of
the LATBI test within minutes.
The LATBI test on the i-STAT
system is under validation
testing using the same 2,000patient pivotal trial patients
and will prepare for submission
to FDA for approval in FY20.
This program is managed by the USAMMDA WBH
PMO.
Neuron-derived Plasma Exosome Protein
Biomarkers of Prior Traumatic Brain Injury
Blood-based biomarkers were identified in
Veterans with a history of TBI up to 70 years
after the TBI. This study substantiates prior work
by other investigators, correlates reported TBI
with cognitive dysfunction in older Veterans, and
extends previous research on acute injury to the
persistence of markers many decades after an
initial reported injury.
Specifically, the project identified long-term effects
of TBI from blood plasma by isolating proteins
from neuron exosomes. Exosomes are vesicles
expelled by most cells of the body that can be
found in bodily fluids, including blood. The vesicles
contain molecules that are distinctive for the cell
of origin. Several proteins (Aβ42 and P-tau species
and their receptors, as well as cellular prion
protein [PrPc] and synaptogyrin-3) remain elevated
for decades after a TBI and may mediate TBIassociated cognitive impairment.

plasma correlated with cognitive impairment
(CI) in four groups of Veterans. The four groups
consisted of a) individuals with no history of TBI
and no CI (n = 42); b) individuals with no history of
TBI but with CI (n = 19); c) individuals with a history
of TBI but without CI (n = 21); and d) individuals
with a history of TBI and with CI (n = 26). The TBI
was sustained from 12 to 74 years prior to the
study in 75 percent of the individuals.
The NDEs were enriched by precipitation and
antibody immune-absorption, and extracted
protein biomarkers were quantified by enzymelinked immunosorbent assays. Researchers
identified chronic NDE biomarkers known to
increase for three to 12 months after TBI. These
included PrPc, synaptogyrin-3, P-T181-tau,
P-S396-tau, Aβ42, and interleukin (IL)-6. These
proteins were significantly elevated in subjects
who had a history of TBI and CI compared with
controls who had a history of TBI but no CI.
Individuals with CI and no history of TBI, when
compared to controls without CI, had significantly
higher levels of chronic NDE biomarkers: PrPc,
synaptogyrin-3, P-T181-tau, and Aβ42, but not
P-S396-tau and IL-6. The acute NDE biomarkers
claudin-5, annexin VII, and aquaporin-4 were not
increased in either group with CI. As noted above,
the NDE biomarkers P-S396-tau and IL-6, which
are increased distinctively with CI after TBI, may
prove useful in evaluating CI in older patients.
Aβ42 and P-tau species, as well as their respective
putative receptors, PrPc and synaptogyrin-3,
remain elevated for decades after TBI and may
mediate TBI-associated CI and be useful drug
targets.
This study was supported by the Peer Reviewed
Alzheimer’s Research Program.

The neuron-derived exosome (NDE) protein
biomarkers from the exosomes found in the
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The Relationship of Plasma Tau and Amyloid
and Injury Characteristics, Neuropsychological
Performance, or White Matter Integrity in
Service Members with a History of Traumatic
Brain Injury
In three cohorts of U.S. military Service members
(with a history of uncomplicated mild TBI, a history
of complicated mild TBI and moderate, severe or
penetrating TBI), a study published in the Journal
of Neurotrauma (Lippa et al., 2019) examined
levels of plasma tau and amyloid beta-42 and their
relationship to neuropsychological performance
and white matter integrity, as measured by 3Tesla
magnetic resonance imaging (MRI) / diffusion
tensor imaging (DTI) assessment. There was no
consistent relationship between the two plasma
biomarkers and measures of white matter integrity
when comparing the mild uncomplicated and
complicated TBI groups. Further, there was no
significant relationship between the biomarkers
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and time of injury, TBI severity or number of
TBIs. The authors concluded that other possible
biomarkers of TBI need to be explored. More
information about this research project can be
found in the NICoE chapter.
This study is part of the larger Defense and
Veterans Brain Injury Center (DVBIC) 15-Year
Longitudinal TBI Study designed to respond to a
Congressional mandate (Section 721 of NDAA
FY07).
Refinement of a Treatment for
Neurodegeneration Resulting from a Traumatic
Brain Injury
Brain damage from a TBI alters function of a vital
mitochondrial regulator, PGC-1α, that acts as a
transcriptional coactivator that induces genes
involved in mitochondrial biogenesis and cellular
respiration. In human autopsy specimens, it is

known that PGC-1α regulatory activities are reduced
in the brains of subjects with neurodegenerative
conditions that are associated as sequelae of TBI
(e.g., Parkinson’s disease, Alzheimer’s disease).

Animal studies of TBI show that the drug developed
by the study is neuroprotective through antiinflammatory effects and enhanced mitochondrial
function. The compound was developed in
association with a panel of plasma biomarkers
that accurately identified individuals with sports
concussion and Marines with a known history of TBI
from controls without a concussion or a history of
TBI.

development, fully characterize drug candidates
prior to entering Phase 3 trials, and thereby de-risk
further investment on continued development
toward FDA regulatory clearance. The TBIDT IPT
is partnering with an existing clinical trial network
with a proven capability to recruit clinical studies
of individuals with TBI, the University of California
San Francisco and Transforming Research and
Clinical Knowledge for Traumatic Brain Injury
Network (TRACK-TBI NET). TRACK-TBI NET is a
vertically integrated group of TBI subject matter
experts, clinicians, academicians, and clinical trial
sites that leverages the advancements made by
the TBI Endpoints Development Initiative (TED
Initiative). The TRACK-TBI NET, along with the
TBIDT IPT, will assess TBI drug candidates that are
ready for Phase 2 trials. Drug selection evaluation
included a request for industry partner’s TBI drug
proposals, with selected proposals culminating
in presentations at an Industry Day in April 2019.
Risk analysis, compatibility for multiple drugs to be
tested in adaptive platform trial design, and final
drug selection for is planned for FY20.

This study was supported by the Neurotoxin
Exposure Treatment Parkinson’s Program.

This program is managed by the USAMMDA WBH
PMO.

Researchers filed a patent application for TBI
treatment based on an FDA-approved drug which
is a PGC-1α agonist that does not reach the central
nervous system (CNS) due to degradation in the
liver. The patent covers a method to prevent
degradation by the liver, allowing CNS protection
against TBI-related inflammation and mitochondrial
dysfunction, primary problems associated with TBI.

Traumatic Brain Injury Drug Treatment
Currently there are no FDA approved drugs for the
treatment of TBI. The goal of the first increment of
Traumatic Brain Injury Drug Treatment Integrated
Product Team (TBIDT IPT) is to deliver an FDA
approved drug to limit or reverse neurologic
damage and/or slow progression of injury,
decrease morbidity and mortality, improve cognitive
outcomes, and restore brain function to Service
members who have sustained a moderate TBI.
Over 30 clinical trials for TBI drugs have failed
despite decades of research by government and
private industry drug sponsors. This has prompted
a paradigm shift in the TBIDT acquisition strategy
for TBI drug pipeline development toward risk
reduction in Phase 2 clinical trials. Focused
investment in Phase 2 trials will improve the
quality and quantity of TBI drugs in the pipeline of
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Neuroprotective Effect of Human Neural
Stem Cell Treatment Following Penetrating
Traumatic Brain Injury in a Rat Model
Penetrating TBI can lead to chronic inflammation
that causes tissue loss after the initial injury. In
a recent study, researchers tested treatment in
the peri-lesion space and the lesion core with
human neural stem cells (hNSCs) one week after a
penetrating TBI in rats. The study found improved
cortical sparing and attenuated motor deficit
development in rats with peri-lesion transplants.
Additionally, injury milieu supports transplanted
cell proliferation and differentiation independent
of location. However, the protective effects were
only observed when the hNSCs were transplanted
in the peri-lesion space. If clinical trials lead to
approval as an acute treatment for TBI, including
those suffered during a blast, the impact would
be immense as the treatment could impact motor
deficits and tissue sparing.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CCCRP/JPC-6.
Prazosin for Prophylaxis of Chronic PostTraumatic Headaches in Service Members and
Veterans with Mild TBI
Researchers at the Seattle Institute for Biomedical
and Clinical Research are evaluating the safety
and efficacy of Prazosin, an antagonist of the α-1
adrenergic receptor, which was shown from a
previous open-label case series to decrease the
frequency and severity of headaches in activeduty Service members in Iraq and Afghanistan
with a mild TBI (mTBI). The current, randomized
double-blind trial will evaluate Prazosin versus
placebo control in 160 Iraq/Afghanistan activeduty Service members and Veterans. Although
only 10 participants have at this time completed
the study (four with placebo and six with Prazosin),
a substantial and statistically significant reduction
in headache frequency is already observed in the
Prazosin-treated group. These early results offer
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promise that Prazosin may represent a future
treatment that is safer and more effective than
currently used medications for Service members
and Veterans suffering from post-traumatic
headache.
This study was supported by the Peer Reviewed
Medical Research Program with program interest
by the Clinical and Rehabilitative Research
Program (CRMRP)/JPC-8.
Cerebrospinal Fluid Levels of Phosphorylated
Neurofilament Heavy Chain Correlated with
Neurobehavioral Function
Neurofilament heavy chain (NFH) is a protein
that supports neuronal integrity and function.
Phosphorylation of NFH (pNFH) affects its function
and is known to be involved in neurodegeneration.
Increased levels of pNFH in the cerebrospinal
fluid (CSF) have been interpreted as a biomarker
of different neurodegenerative diseases.
Researchers at WRAIR are evaluating the utility
of pNFH as a diagnostic and prognostic marker
of bTBI in animal models using an advanced blast
simulator.
Initial findings indicate that pNFH levels increase
significantly in the CSF one day after blast
exposure, return to normal levels by one month
following exposure, but then display significant
increases six- and 12-months post-blast. The
increases in pNFH levels in CSF were much
greater following repeated exposures than single
blast exposures. An increase in pNFH was also
negatively correlated with neurobehavioral
functions observed in the experimental subjects.
CSF pNF levels have a strong potential as a
diagnostic and prognostic marker of bTBI in
affected Service members.
This effort was supported by MOMRP/JPC-5.

Concurrent Mild Traumatic Brain Injury
and Post-Traumatic Stress Disorder and
its Association with Tau Concentrations in
Peripheral Blood Plasma
This study investigated peripheral blood plasma
levels of tau and amyloid beta-42 in a cohort of
young Service members and Veterans having
one of three conditions: injured controls without
TBI and no PTSD (n = 18), patients with mild
TBI and no PTSD (n = 63), and those with mild
TBI and PTSD (n = 21). The results indicated
that PTSD was associated with an elevation of
plasma tau (but not amyloid beta-42). This work
was published in the Journal of Traumatic Stress
(Pattinson et al., 2019).
The Impact of Subcutaneous Administration of
Angiotensin-(1-7) on Recovery after Traumatic
Brain Injury in Mice
This study used mice exposed to controlled
cortical impact and investigated the potential
modulating effects of infusion of angiotensin-(1-7)
on the repair response to the injury. The
authors demonstrated that the infusion
had anti-inflammatory, neuroprotective, and
cerebrovascular-protective effects on this
experimental mouse TBI model. This data
suggests that angiotensin-(1-7) might have
potential therapeutic efficacy for TBI. This work
was published in the Journal of Neurotrauma
(Janatpour et al., 2019).
This work was supported by a grant from the
CNRM.
Sarm1 Deletion and its Association with Axon
Damage, Demyelination, and White Matter
Atrophy after Experimental Traumatic Brain
Injury
TBI has important effects of the integrity of white
matter tracts in the brain which can mediate
significant post-TBI cognitive and other functional
impairments. Sarm1 has been experimentally
shown to initiate axon degeneration, although its
mode of normal functioning is poorly understood.
In this study published in Experimental Neurology

(Marion et al., 2019), transgenic mice with Sarm1
deletion showed decreased demyelination and
white matter atrophy at early, late, and chronic
time periods following experimental impact TBI.
This data provides a justification for therapeutic
targeting in TBI of Sarm1 and the pathogenetic
pathway it modulates.
This work was funded by the CNRM and DHA.
Neuroinflammatory Astrocytes Generated from
Cord Blood-Derived Human Induced Pluripotent
Stem Cells
This study explored the transcriptional and
cellular effects of chronic exposure of human
induced pluripotent stem cells to tumor necrosis
factor alpha (TNFα) or interleukin-1 beta
(IL-1β). Exposure to either factor produced
pro-inflammatory gene signatures, with TNFα
having a much more diverse effect on gene
expression. This in vitro model is proposed for
use in high-throughput screening to identify
novel anti-inflammatory candidate drugs to treat
TBI. This work was published in the Journal of
Neuroinflammation (Zhou et al., 2019).
This work was supported by the CNRM.
Biphasic Changes in the Levels of
Lysophosphatidic Acids in the Blood Plasma
After Blast Exposure
Levels of lysophosphatidic acids (LPAs), fatty acid
derivatives reported to promote inflammation,
have been shown to increase in the cerebrospinal
fluid (CSF) of mice and humans after brain injury.
To determine the potential utility of LPA levels as
biomarkers for blast-induced TBI, investigators
at WRAIR in collaboration with the University
of Kentucky (Lexington, KY) are characterizing
changes in LPA species in the CSF and plasma in
rats after exposure to single and repeated blasts
using an advanced blast simulator.
Initial studies have shown that several LPA species
increase in both the CSF and plasma acutely at
one and four hours after single and repeated
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blasts and that the magnitude of these increases
corresponded with the number of blasts. The LPA
levels in the CSF and plasma returned to normal
levels by one-month post-blast. However, the levels
continued to decrease significantly in the plasma
at one year, with no corresponding changes in
the CSF. Since the LPA measured in the plasma
is primarily released from blood platelets, these
results suggest a potential platelet dysfunction,
which, if observed in Service members, may be
predicted to affect blood coagulation at chronic
stages post-blast.
This effort was supported by MOMRP/JPC-5.
Non-Invasive NeuroAssessment Device Program
The focus of the Non-Invasive NeuroAssessment
Device (NINAD) Program is to deliver long-term
solution(s) that will aid in the assessment of TBI to
determine treatment or return to duty in far forward
pre-hospital environments under a large scale
ground combat and multi-domain operation setting.
Investigated solutions will have low physical and
logistical footprints, low unit cost, and not depend
on refrigeration. Considered materiel solutions
will be utilized in Role 1 and Role 2. This program
is in the Materiel Solution Analysis phase and is
scheduled to achieve a Milestone A in FY21.
In FY18 and FY19, USAMMDA investigated the
feasibility of two hand-held, FDA approved,
commercial off-the-shelf traumatic brain injury
devices. Three tests were completed: 1)
environmental military standard (MIL-STD)-810G
testing; 2) contiguous United States (CONUS)
customer test in a pre-hospital environment led
by the Army Medical Center of Excellence; and 3)
field evaluation of the operational functionality in
an outside the contiguous United States (OCONUS)
setting with the partnership of United States
Central Command (USCENTCOM). Completion of
the tests determined that the devices were not
suitable for use in the tested environments.
This program is managed by the USAMMDA WBH
PMO.
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Sensory System Injury Repair and
Mitigation
Progression and Pathology of Traumatic Optic
Neuropathy from Repeated Primary Blast
Exposure
Indirect traumatic optic neuropathy (ITON) is seen
in 0.5-5.0 percent of individuals with TBI. This
condition can result in significant vision loss due to
degeneration of retinal ganglion cell (RGC) axons
at the time of injury or within the ensuing weeks.
A mouse model of eye-directed air-blast exposure
was used to characterize the histopathology of
blast-induced ITON.
The model induced a transient elevation of
intraocular pressure and subsequent RGC death
and axon degeneration that occurred at similar
levels throughout the length of the optic nerve
(ON). Deficits in active anterograde axon transport
to the superior colliculus accompanied axon
degeneration and first appeared in peripheral
representations of the retina. The ON glial area
increased early after injury, expanded further at
later time points, and included a transient change
in astrocyte organization that was independent
of axon degeneration. Specific increases in
interleukin-1 alpha and interleukin-1 beta (IL-1α
and IL-1β) were detected in both the ON and retina.
In contrast, glaucoma shows distal-to-proximal
axon degeneration with astrocyte remodeling and
increases in many cytokines and chemokines.
Further, direct traumatic optic neuropathies have
a clear site of injury with rapid, progressive axon
degeneration and cell death.
This study demonstrates that blast-induced ITON
has a neuropathology distinct from direct TON or
glaucoma. The increases in IL-1 related proteins
and oxidative stress suggests that therapies that
target these pathways might be effective in both
conditions.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.

TSG-6 in Conditioned Media from Adipose
Mesenchymal Stem Cells Protects Against Visual
Deficits in an mTBI Model Through Neurovascular
Modulation
Service members with blast-related injuries often
display neuropathology and visual deficits that
correlate to acceleration-deceleration concussive
insults to the optic nerve. In particular, retinal
inflammation affecting the neurovascular unit may
likely play a vital role in the development of visual
deficits following an mTBI. In earlier studies, the
investigators showed that concentrated conditioned
media from adipose tissue-derived mesenchymal
stem cells (ASC-CCM) can limit retinal damage from
blast injury and improve visual function. In this
study, they addressed the hypothesis that tumor
necrosis factor alpha (TNFα)-stimulated gene-6
(TSG-6), an anti-inflammatory protein released
by mesenchymal cells, mediates the observed
therapeutic potential of adipose stem/stromal cells
(ASC) via neurovascular modulation.
To test the hypothesis, authors used C57Bl/6 mice
and subjected them to 50 psi (345 kPa) air pulse on
the left side of the head resulting in an mTBI. Agematched sham blast mice served as control. Within
the same day, blast mice received about 1 µl of
ASC-CCM (siControl-ASC-CCM) or TSG-6 knockdown
ASC-CCM (siTSG-6-ASC-CCM) intravitreally into
both eyes. One month following the injection, the
ocular function was assessed followed by molecular
and immunohistological analysis. In vitro, mouse
microglial cells and human endothelial cells were
used to evaluate the anti-inflammatory effect of
ASC-CCM.
Visual acuity and contrast sensitivity assessed at
four weeks post-blast injury demonstrated that
intravitreal injection of ASC-CCM (siControl-ASCCCM), but not the TSG-6 knockdown ASC-CCM
(siTSG-6-ASC-CCM), was useful in alleviating blastrelated injury. Moreover, retinal expression of
genes associated with microglial and endothelial
activation and retinal GFAP immunoreactivity at
four weeks after blast injury was also alleviated
with siControl-ASC-CCM, but not by the injection

of siTSG-6-ASC-CCM. In vitro, siControl-ASC-CCM,
but not the siTSG-6-ASC-CCM, not only suppressed
microglial activation but also protected against
TNFα-induced endothelial permeability in a STAT3
dependent manner.
ASCs engineered to produce TSG-6 will be an
invaluable regenerative therapy solution against the
traumatic effects of blast injuries to the retina with
potential broader applications to other degenerative
central nervous system diseases.
This study was supported by the Vision Research
Program with program interest by CRMRP/JPC-8.
Unobtrusive Device to Measure and Predict TBIRelated Sensorimotor Dysfunction
Multi-sensory impairment can be induced when
traumatic injury disrupts multiple sensorimotor
systems simultaneously causing visual deficits,
disorientation, dizziness, postural and locomotor
instabilities, sensitivity to visual and body motion,
and impaired ability to read.
Researchers at Johns Hopkins University developed
a portable measure of sensorimotor function, which
will be used to quantify the otolith asymmetry
measure and visual acuity measures predicted to
be abnormal in a significant number of patients with
dizziness and/or vestibular nerve deficits. This novel
tool will be compared with current formal standards
of ocular and vestibular testing. Further, the team
will develop a model of clinical data that can predict
those Service members, Veterans, and civilians that
best respond to physical rehabilitation. This work
has the potential to improve the identification and
monitoring of patients with mTBI and will help predict
those who will be responsive to rehabilitation.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.
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How Isoflavones Alter Hypothalamic-PituitaryAdrenal Axis Response Following Photoperiod
Alteration
This animal study published in Neuroscience
(Bauman et al., 2019) investigated the effect of
dietary isoflavones on the hypothalamic-pituitaryadrenal (HPA) axis in mice exposed to stress
through photoperiod manipulation. In this stress
paradigm, the mice fed an isoflavone-rich diet
showed increases in the ratio of mineralcorticoid
and glucocorticoid receptor mRNA expression in
the pituitary. Decreases in corticotropin-releasing
factor receptor 1 mRNA expression were found
in the amygdala, prefrontal cortex, and ventral
hippocampus. The study findings provides insights
into the potential mechanisms by which the HPA
axis adapts to photoperiod and diet.
This effort was supported by Office of Naval
Research and CNRM grants.
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Identification of Mechanisms Leading to
Hearing Loss from Noise
Hearing loss is the most common occupational
health disability in the DoD, and hearing loss and
tinnitus combined are the most prevalent serviceconnected disabilities for Veterans receiving
compensation. From a functional standpoint,
noise-induced hearing loss (NIHL) leads to
tinnitus and difficulty with understanding speech,
particularly in the presence of background noise,
and is strongly associated with depression and
social isolation. However, to date, there are no
effective treatments for reversal of NIHL.
Researchers will use a mouse model to
understand, for the first time, the molecular
changes that happen as a result of noise exposure
in hair cells and supporting cells separately and
the changes induced by the effective treatments
in mice. The mouse and human inner ear are

remarkably similar, and mice have been instrumental
in identifying deafness genes and understanding the
molecular basis of hearing.
This work will be important as the basis for rational
drug design for prevention and treatment of NIHL
in our military population. This work is critically
important to solve hearing loss not just for blastnoise, but all high-noise activities to which this
population is continuously exposed.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.
Blocking TNF-α Prevented Neuroinflammation
and Tinnitus After Noise-Induced Hearing Loss
Researchers at the University of Arizona examined
neuroinflammation in the auditory cortex following
noise-induced hearing loss (NIHL) and its role in
rodent models of tinnitus. Results indicated that
NIHL resulted in a series of neuroinflammatory
events in the primary auditory cortex, including
elevated expression of proinflammatory cytokines
and microglial activation. When tumor necrosis
factor alpha (TNF-α) was impacted, either by
genetic knockout or pharmacological blocking,
neuroinflammation was reduced. These results
suggest that noise exposure can initiate a
self-sustained, positive feedback loop of
neuroinflammatory responses in which microglial
activation and proinflammatory cytokines appear
to depend on each other. This study also helps
extend previous findings showing noise-induced
neuroinflammation in the auditory cortex, which
is the final destination along the central auditory
pathway. Thus, it appears that hearing loss may
cause neuroinflammation in the entire auditory
pathway.
This effort was managed by CDMRP with support
and program oversight by the CRMRP/JPC-8.

Anti-infective Studies
Amicidin- α Surgical Gel Demonstrated to Prevent
and Treat Against Infections in Preclinical
Studies
Researchers investigated the effectiveness of
Amicidin- α Surgical Gel and Amicidin-β Solution
against infections. Amicidin- α Surgical Gel was
demonstrated in three preclinical animal models
supporting the prevention and treatment of
infections, including a porcine open-wound model, a
rodent closed-wound surgical model with methicillinresistant Staphylococcus aureus (MRSA) and P.
aeruginosa, and a rodent orthopedic surgical model
with MRSA and P. aeruginosa. Amicidin-β Solution
demonstrated concentration-dependent anti-biofilm
properties in an ex vivo porcine skin explant model
with P. aeruginosa. It also reduced contamination
when applied after microbial inoculation in a
rodent closed-wound surgical model with mesh
contaminated with MRSA and P. aeruginosa, and
protected against local tissue infection as well as
systemic sepsis in a rodent orthopedic surgical
model contaminated with MRSA and P. aeruginosa
when assessed at time points up to 72 hours.
This study was sponsored by the Military Burn
Research Program with program interest by CCCRP/
JPC-6.
Using Formulations of Pirfenidone to Treat Burn
Wounds to Minimize Scar Formations
Researchers investigated using ointment
formulations of the anti-inflammatory and antifibrotic drug Pirfenidone (Pf) for topical application
to treat deep partial-thickness burn wounds to
minimize scar formations. The mechanism behind
Pf’s anti-fibrotic capabilities is not well-understood.
Researchers tested Pf in a porcine model, where
it was found to alter the profibrotic contractile
phenotype of the stimulated myofibroblasts. Pf
also acted as a prophylactic measure against the
expression of the profibrotic phenotype, which
mitigated the profibrotic phenotype of stimulated
and differentiated myofibroblasts. This indicates
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that Pf could treat existing scars. The successful
identification of the dosage formulation and
schedule of application of Pf that effectively
reduces scarring would support subsequent
studies that could move the drug forward into
advanced development as an anti-scarring
treatment.
This study was sponsored by the Military Burn
Research Program with program interest by
CCCRP/JPC-6.
Determination of the Pharmacokinetic/
Pharmacodynamic Relationship of VT-1598 In
Vivo Antifungal Activity in a Murine Model of
Disseminated Invasive Aspergillosis
Combat-related blast injuries leave the Warfighter
vulnerable to infection from potentially lethal
endemic fungal mold species. Because available
broad-acting antifungals have multiple side effects
and toxicities, their use is limited. Thus, a critical
need exists for novel, broad-acting antifungals
that are safe, well-tolerated, and amenable to
prophylactic and therapeutic administration after
blast or burn injury.
Researchers aimed to address this gap by
evaluating the applicability of a previously
generated chemical series possessing potent
anti-mold activity. This Military Infectious
Diseases Research Program (MIDRP)-funded
effort evaluated four lead candidates from this
series and determined that all had similar minimal
inhibitory concentrations (MICs) to the 90 isolates
of mold tested. VT-1598, a novel inhibitor of the
fungal cytochrome P450 (CYP) family, specifically
CYP51, was selected as the top candidate due
to its maximum efficacy against 20 isolates of
Aspergillus fumigatus, the most prevalent mold
pathogen in all human infections.
VT-1598 was evaluated via in vivo efficacy studies
and good laboratory practice (GLP) investigational
new drug (IND)-enabling safety assessments.
Because there is no reproducible animal model
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of mold infection of a wound, researchers used
well-established murine models of invasive
aspergillosis (IA), focusing on A. fumigatus. Using
this model, neutropenia was chemically induced
prior to intravenous infection with one of two
isolates with different MICs. Fungal burden
was measured in the kidney, a primary site of
dissemination, and a dose-dependent decrease
was observed, with the greatest decreases
observed when animals were dosed at
40mg/kg once or twice daily. Similar dosedependent reductions in lung fungal burden were
observed in a pulmonary model of IA. In a survival
study where animals were observed for 12 days
after the last treatment, survival was 100 percent
at the doses tested (20 and 40mg/kg once
daily) and fungal burden remained suppressed
even though drug wash-out was complete.
Notably, VT-1598 has a pharmacokinetic/
pharmacodynamic profile against these two
A. fumigatus isolates similar to the currently
marketed CYP51 inhibitors, posaconazole and
isavuconazole.
Through these GLP IND-enabling efforts, it was
determined that VT-1598 is safe, non-irritating,
and effective at limiting A. fumigatus and clinical
disease in both prophylaxis and delayed treatment
murine models of IA. Together, these data
strongly support further exploration of VT-1598
for the treatment of lethal mold infections and
can be used for accurate predictions of clinical
therapeutic drug exposure, which will facilitate the
clinical development of VT-1598.
The potential impact to the Service member is that
the successful development of VT-1598 would
fulfill the need for broad-acting antifungal agents
that can be administered to treat or prevent fungal
mold infections of combat-related wounds.
This effort was managed by CDMRP with support
and program oversight by MIDRP/JPC-2.

Blast-induced Neurotrauma
Outcomes
Inflammatory Response Following TBI is
Impacted by Hypobaria With and Without
Vibration
Aeromedical evacuation (AE) is often used to
swiftly evacuate patients suffering from injury.
However, little information is available on the
effects that AE has on patients with blast injury
and TBI, and there are concerns that hypobaria
induced by AE can exacerbate TBI. In a recent
study, researchers induced TBI in rats using
blast overpressure and investigated the effects
of hypobaria during AE on their inflammatory
response.
The data revealed that hypobaria changes the
inflammatory response after TBI. Moreover, it
showed that vibration conditions contributed to
these changes as well. Indeed, the combination
of both hypobaria and vibration has an additive
effect on these changes of the inflammatory
response. Study data also suggests that
hypobaria exacerbates organ damage in the lungs,
kidneys, brain, liver, heart, and intestine, as well
as neurological damage. Further investigation
should be done in order to better understand
these effects.
This effort was managed by CDMRP with support
and program oversight by the CCCRP/JPC-6.
Determination of the Pressure Reactivity Index
of the Spinal Cord
Researchers have established the Pressure
Reactivity Index (PRx) for use in critical medical
care to identify where pressure autoregulation
remains intact in the brain and to guide optimal
perfusion support. The PRx has not been
investigated in a spinal cord injury (SCI) model,
but since the spinal cord also swells and has
impaired autoregulation, PRx can likely be applied
in SCI scenarios. This approach paves the way
to individualize and optimize the hemodynamic

support of acute SCI patients in order to promote
perfusion without exacerbating deleterious
increases in intraparenchymal pressure.
Adequate, far-forward-capable acute management
techniques are critically important to retaining
cord functionality and subsequent quality of life
following a battlefield traumatic SCI.
This study was sponsored by the Spinal Cord
Injury Research Program with program interest by
CRMRP/JPC-8.
Comprehensive Characterization of Blast Injury
in the Animal Model in Support of Development
of a Human Blast Injury Criterion
Blast exposure and related injuries are significant
threats to the health of Service members in
training environments and in combat, and by
extension, are a threat to overall force readiness.
While existing research examines the impact of
blast exposures and blunt forces on the brain,
correlations to the human condition are less welldefined. Researchers at NJIT are developing
validated master-dose response curves for blast
exposure which will correlate the biomechanical
properties of blast waves to primary blast injury
to the brain. This work seeks to build upon and
unify past efforts on blast-related brain injury by
comprehensively assessing blast injury in a single,
specific, and validated shock tube. The long-term
objective of the work is to produce an interspecies
transfer function and develop a human blast injury
criterion which can be used to assess the risk of
brain injury in humans exposed to blast. In FY19,
the researchers at NJIT published a number of
findings from their efforts towards this aim with
animal models.
Work published in the Annals of Biomedical
Engineering (Townsend et al., 2019) compared
finite element simulations of blast loading
to experimental intracranial pressure (ICP)
measurements of a rat brain. In experimental
and simulated measurements, ICP correlated
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with long-term bulk modulus on short time-scales
characteristic of blast exposure and not typically
observed in impact models. The team also
observed varied ICP measurements in different
brain regions suggesting that the blast wave
does not transmit through brain tissue in an even
manner. Measurements at the posterior end of the
brain were significantly higher than in the anterior
sections. The research team postulated that this
was likely due to pressure wave reflections from
the posterior skull and that closer examination of
cerebellar regions post-blast injury are warranted.
A major limitation of the computational work is that
the modeling is sensitive to the materials used to
construct the model which may not necessarily
be validated in all cases. Additional empirical
data to relate strain rate deformation within the
brain is needed to improve the models used in
computational work.
The blood-brain barrier (BBB) is the mechanism by
which cerebral blood vessels control the movement
of molecules and cells between the circulatory
and central nervous systems. Disruption of the
BBB may cause neuronal dysfunction and tissue
degeneration and has been shown to be influenced
by oxidative stress after blunt impact, but this
relationship is not well-established in models of
blast overpressure exposure. In a study published
in Nature: Scientific Reports (Kuriakose et al., 2019)
anesthetized rats were exposed to a single blast
of 26 psi (180 kPa) peak overpressure in a shock
tube after injection with apocynin, a compound that
lessens oxidative stress; a control group of rats was
exposed to blast noise, but not overpressure. All
rats were injected with Evans blue dye, which later
appeared in brain tissue collected at the 15-minute
and four-hour marks to observe changes at the
acute and sub-acute stages of injury, respectively.
There was significantly more Evans blue dye in the
brain tissue of blast-exposed animals than in that of
controls at both time points, indicating that oxidative
stress may take time to develop and influence BBB
permeability. Further research in this area could
benefit Service members by suggesting targets for
early-intervention TBI therapeutics.
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This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and MOMRP/JPC-5.

Program Area: Reset
BIRCO is committed to reducing recovery time and
improving the quality of life for Service members
who have experienced blast injuries. These
efforts maximize the possibility of their return to
duty and reintegration into the civilian community
and workforce. Medical research in the area of
Reset informs evidence-based clinical guidelines
for procedures that restore critical function and
improve disfigurement. It also forms the basis
for rehabilitation programs for blast-related
psychological disorders, amputations, and other
injuries with long-term effects on quality of life.
Reset strategies supported by extensive medical
research enable the DoD and the military medical
community to retain the confidence and trust of
Service members, their Families, and the American
public through measurable improvements to Service
member recovery.

Chronic TBI Outcomes and Treatment
Strategies
Outpatient Medications Prescribed Following
Serious Combat Injury
Researchers at the NHRC and the DoD/VA Extremity
Trauma & Amputation Center of Excellence
undertook a retrospective study to classify, quantify,
and track changes in prescribed medication
categories during the first year following serious
combat injury. The study also identified patient
characteristics, including injury-specific measures
and diagnoses of pain and psychological disorders
associated with prescription medication activity.
A random sample of 381 Service members
who sustained serious combat injuries in the
Iraq and Afghanistan conflicts were selected.
During the first-year post-injury, the patients had
23,058 prescriptions with an average of 61 total

prescriptions (new, repeated, and refilled) per
patient. Medication prescriptions were primarily
from the following categories: opioids, immune,
gastro, central nervous system (CNS), non-opioid
analgesics, and psychotherapeutic. There was
substantial prescription activity throughout the firstyear post-injury, which generally declined throughout
the first four quarters. Even with the decline in
prescriptions over the course of the year, 37 to 49
percent of patients still had at least one prescription
for psychotherapeutic, CNS, opioids, or non-opioid
analgesic medication during the fourth quarter.
Opioids were the most prescribed medication
category overall and during each of the first four
quarters.
In order to identify patient characteristics
including injury-specific measures and diagnoses
of psychological disorders associated with
prescription medication activity, univariate analyses
were conducted. Injury severity, limb amputation
(particularly bilateral amputation), diagnosis of
chronic pain, and post-traumatic stress disorder
(PTSD) were associated with significantly higher
prescription counts overall and prescription
counts within various categories of medications
(e.g., analgesics, immunologic, psychotherapeutic
medications). After adjusting for covariates, linear
and logistic regression results showed that the same
set of variables were associated with significantly
higher numbers of prescriptions overall and
higher odds of prescriptions for multiple individual
medication categories. TBI was associated with
lower numbers of prescriptions.
Results provide evidence on prescription practices
to inform DoD and VA guidelines and to help
inform rehabilitation planning and evaluate current
prescription medication practices, resulting in higher
quality care.
This study was managed by NHRC and the DoD/
VA Extremity Trauma & Amputation Center of
Excellence.

Post-Traumatic Stress Disorder Drug Treatment
Program
PTSD is a debilitating condition that develops
following exposure to a traumatic event or events,
including blast injuries. Based on empirical
evidence, PTSD impacts mortality, morbidity, selfreported medical symptoms, quality of life, physical
functioning, health-compromising behaviors,
co-morbid substance abuse, and employment.
Service related PTSD is of particular concern among
U.S. combat Veterans due to its estimated lifetime
prevalence of 6 percent to 31 percent. This is a
two- to four-fold increase in prevalence over that of
the U.S. general population. A 2008 RAND report
estimated the 2-year cost of treating the 1.6 million
military personnel who have deployed since 2001
at $4.0 - $6.2 billion. Despite the high prevalence
and costs of PTSD, only two drugs are FDA-approved
for treating PTSD, and post-approval evaluations of
these two drugs demonstrate less than 50 percent
efficacy in treating military-service related PTSD, and
often produce problematic side effects. The primary
objective for the PTSD Drug Treatment (PTSD-DT)
Program is to, as quickly and efficiently as possible,
develop and acquire a safe, affordable, operationally
effective, and suitable drug to treat Service-related
PTSD. Development of a drug to treat PTSD could
improve outcomes after a traumatic event, return
individuals to work sooner, and reduce the burden of
cost for health care.
In FY19 the PTSD-DT Program initiated recruitment
at a Veterans Affairs (VA) site for an enabling study
that will reduce both technical and regulatory risk
in drug prototype testing by evaluating two recently
updated tools that are used to diagnose and assess
the severity of symptoms of PTSD. The enabling
study will validate the two tools in an active-duty
military and Veteran sample to assess how they
can be used for drug prototype testing inclusion
criteria, and as outcome measures, and continued
through FY19. In addition, at the beginning of FY19 a
partnership was established with a prime integrator
for drug prototype testing via the Medical Technology
Enterprise Consortium (MTEC) prototype Other
Transaction Agreement (pOTA). An objective drug
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candidate selection process was developed in
collaboration with the pOTA partner and at the end
of FY19, design of an innovative testing approach
to simultaneously and sequentially evaluate more
than one drug prototype in more than one PTSD
subtype, was underway.
This program is managed by the USAMMDA WBH
PMO.
TBI Endpoints Development (TED) Initiative
Advances Research in TBI-Related Regulatory
Science
Treatment and diagnostics for TBI have been the
subject of research, development, and clinical
trials for over two decades. This topic receives
significant media attention with respect to
Service members, Veterans, and professional
sports athletes. Until early 2018, there were no
FDA-approved diagnostics or therapies specific
for TBI. Well-defined endpoints and changes
to clinical trial design are needed in order to
support successful regulatory-driven development
of diagnostics and therapeutics for TBI. This
includes advancing the identification, validation,
implementation, and dissemination of clinical
outcome assessments (COAs) and biomarkers
for acceptable regulatory review of FDA-qualified
medical device and drug development tools
for mild to moderate TBI. The TBI Endpoints
Development (TED) Initiative, led by researchers
at the University of California, San Francisco,
seeks to provide the foundational framework
for improved clinical trials which can be used to
support regulatory approvals for TBI diagnostics
and therapeutics. The TED Initiative represents
a network of public and private partnerships in a
team-science approach to collectively advance
the field of regulatory science for TBI.
In FY19, the TED team published work examining
various COAs in the framework of TBI. In one
study, relating to the development of an EvidenceBased Clinical Outcome Assessment Program
the team revisited the parameters and use of the
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Glasgow Outcome Scale-Extended (GOSE) and the
Functional Status Exam (FSE). Researchers used
item response theory to evaluate the limitations
on how the GOSE is used to measure outcome
in some TBI severities. In a second publication,
researchers revisited the FSE, which is typically
used in moderate to severe TBI populations, to
evaluate how well the measure provides relevant
clinical outcomes regarding functional impairment
for individuals with mTBI. In the population
evaluated, the FSE picked up on functional
impairments in individuals with mTBI up to 12
months post-injury which were unrelated to
neurocognitive function but associated with dayto-day functioning.
Previously, the TED Initiative has been recognized
by the FDA for work in advancing TBI through
Letters of Support and Recognition of Research.
In March 2019 the FDA qualified a TED Initiativedeveloped software module, OSIRX CDE Software
Module, under the Medical Device Development
Tools (MDDT) Program. This tool relates to the
use of computed tomography and magnetic
resonance imaging prognostic biomarkers for mild
to moderate TBI. This was the third tool qualified
across all diseases under the MDDT program
and the first-ever qualified biomarker tool.
Acknowledgment of the OSIRIX CDE tool by the
FDA means that there is sufficient scientifically
and clinically meaningful evidence for the use of
neuroimaging biomarkers to identify and enroll
patients in clinical trials.
Improved identification, enrollment, and
stratification of patients into TBI clinical trials will
allow researchers to more effectively design and
implement clinical trials for TBI drug treatment
trials that are correlated with post-treatment
outcomes.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CCCRP/JPC-6.

Photo credit: Sgt. James Bunn/U.S. Army

Trajectory of Post-Concussive Symptoms 12
Months after Deployment in Soldiers With and
Without Mild Traumatic Brain Injury: Warrior
Strong Study
In this study, data were collected from a cohort of
recently deployed Soldiers divided into those with (n
= 557) and without (n = 1,010) a recent history of
mTBI during deployment. Data on post-concussive
symptoms were obtained within days of return and at
3, 6, and 12 months post-return. At baseline, those
with mTBI were significantly more likely to endorse
these post-concussive symptoms as “severe”
or “very severe” (47 percent versus 21 percent).
Significant relative risks (RR) were determined for
sleep problems (RR = 2.19), forgetfulness (RR =
2.56), and irritability (RR = 2.73). The prevalence of
these post-concussive symptoms remained relatively
constant over the year of follow-up.
Primary funding for the Warrior Strong study was
provided by the Psychological Health/Traumatic

Brain Injury Research Program (managed by CDMRP
with programmatic oversight by CCCRP/JPC-6 and
MOMRP/JPC-5), with additional support from the
CNRM, Defense Medical Research and Development
Program, and DVBIC.
The Chronic Effects of Neurotrauma Consortium
Launches Knowledge Translation of Key Research
Findings
The Chronic Effects of Neurotrauma Consortium
(CENC) is a joint DoD and VA effort addressing
the long-term consequences of mTBI in Service
members and Veterans. The CENC is centered at
Virginia Commonwealth University and involves
10 studies and five integrated research cores
across more than 30 participating institutions.
The CENC seeks to understand the onset,
prevalence, and severity of the chronic effects of
mTBI, its comorbidities, and any correlations with
neurodegenerative disease.
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The largest CENC study is an observational
Longitudinal Cohort Study (LCS), which deploys a
large volume of controlled, prospective longitudinal
data from Operations Iraqi Freedom (OIF),
Enduring Freedom (OEF), and New Dawn (OND)
Service members and Veterans to understand
the late functional and biological effects of mTBI.
This study will increase the understanding of
potential risk factors for long-term comorbidities
and associated dementia in individuals with
military mTBI, including blast-related mTBI. The
LCS and other clinical studies in CENC examine
chronic TBI and comorbidities associated with
mTBI: sensory deficits (visual, auditory, vestibular),
movement disorders, pain (including headache),
cognitive, and neuroendocrine deficits. At the end
of the CENC period of performance, enrollment
in the LCS included over 1,600 subjects, with
over 1,500 in the longitudinal follow-up phase,
an exceptionally high retention rate. More than
75 percent of the cohort had a history of mTBI
exposure. Mild TBI history, especially repetitive,
was found to influence outcomes through
mediators such as balance, pain, and serviceconnected disability. Blast-related mTBI was also
observed to be associated with higher rates of
health care utilization in this study cohort.
Characterization of the sequelae of chronic mTBI
in Service members and Veterans can be used
to establish risk factors for long-term TBI-related
diseases such as neurodegeneration, cognitive
decline, and neurosensory dysfunction.
This effort was managed by CDMRP with support
from the DoD’s Psychological Health/Traumatic
Brain Injury Research Program, programmatic
oversight by CCCRP/JPC-6, and the VA.
The Impact of Affective States on PostConcussive Symptoms in a TBI Population
This study showed that affective states, such as
depression and anxiety, were highly correlated
with the report of post-concussive symptoms,
and proposed that these factors increased
the influence of these symptoms on patients’

functioning. Based on their data, the authors
suggested that behavioral interventions earlier
in the course of recovery from TBI may improve
cognitive functioning as well as reduce the
frequency and severity of somatic symptoms. This
work was published in Military Medicine (Garcia et
al., 2019).
This study was supported by the CNRM and the
NIH Intramural Research Program.
Impact of TBI, PTSD, and Hearing Loss on
Tinnitus Progression in a U.S. Marine Cohort
TBI, often secondary to blast exposure, is
associated with permanent hearing damage and
PTSD. Mild TBI is associated with up to 75.7
percent of tinnitus cases and with 33 percent of
tinnitus patients at the VA carrying a diagnosis
of PTSD. However, factors contributing to new
onset or exacerbation of tinnitus remain unclear.
Research conducted through a partnership
between the University of California San Diego
School of Medicine, VA San Diego Research
Service, and Naval Health Research Center
measured intermittent and constant tinnitus at
two time points to ascertain whether pre-existing
or co-occurring TBI, hearing loss, or PTSD predicts
new onset, lack of recovery and/or worsening of
tinnitus in 2,600 U.S. Marines who were assessed
before, and three months after, a combat
deployment.
The study found that constant tinnitus before
deployment was likely to continue after
deployment and that prior intermittent tinnitus
increased the risk of post-deployment constant
tinnitus. Likelihood of tinnitus progression
increased with partial PTSD and TBI, particularly
for blast TBI and moderate to severe TBI.
Increased hearing loss at any frequency, but
particularly combined low and high frequency
deficits, predicted onset or progression of tinnitus.
Screening for pre-existing or individual symptoms
of PTSD, TBI, and hearing loss may allow for
more focused treatment programs of comorbid
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disorders. Identification of those personnel
vulnerable to tinnitus or its progression could
allow for individualized protection during combat.
Identification of those most at risk could also focus
treatment and more accurately predict future cost
to the DoD and VA for chronic treatment and care.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.
Predictive and Prognostic Value of PostTraumatic Microbleeds
In the clinical workup of TBI cases, many show
evidence of post-traumatic linear hypodensity
foci on T2 weighted magnetic resonance imaging
(MRI). In this study, the presence of these
neuroimaging findings were found to represent
a significant predictor of disability (odds ratio =
2.5). There has been speculation in the literature
about whether such linear hypodense foci
represent sites of axonal injury or, alternatively,
microbleeds. Using post-mortem imaging
and correlational histopathology, the authors
determined that the linear hypodense foci seen
on MRI in a fatal case of TBI were associated with
iron-laden macrophages. This presents, for the
first time, evidence that these findings represent
microbleeds and that the mechanism for their
formation is related to vascular rather than axonal
injury. This work was published in Brain (Griffin et
al., 2019).
This work was supported by the CNRM, the
Intramural Research Programs at the NIH Clinical
Center and NINDS, the Crick-Clay Professorship,
and the Mathers Foundation.
Wearable Inertial Measurement Units as
Possible Solution to Monitor the Progress of
Vestibular Rehabilitation
After a patient suffers an mTBI, clinicians may
prescribe vestibular rehabilitation, involving head
and trunk movements as part of physical therapy.

180

CHAPTER 7: DOD BLAST INJURY RESEARCH ACCOMPLISHMENTS

Gradually increasing range of motion and velocity
of head movements during physical therapy is
thought to be effective in reducing vestibular
symptoms and increasing function. The physical
therapist trains the patient to perform these
movements in the clinic and at home. However,
even with training, mTBI patients may have
impaired head and trunk movements that prevent
proper rehabilitation. Therefore, it is necessary to
track the movements to ensure they are performed
correctly.
Currently, the best way to quantify and track
these movements is with optical motion capture,
but there are factors that limit its use. To track
movements, whether in the clinic or during
at-home exercises, wearable inertial measurement
units (IMUs) may be a better tool than optical
motion capture. Previous data suggests that
IMUs are comparable to optical motion capture.
However, it was not known if IMUs could accurately
measure range of motion and velocity during more
complex exercises, and there remained questions
concerning the validity of IMUs regarding sensor
placement and the developed algorithm.
Researchers tested IMUs on five healthy
individuals and five individuals with mTBI,
while performing a set of commonly-prescribed
vestibular rehabilitation tasks. They found
agreement between IMU and motion capture
systems in estimating range of motion and peak
turning velocity during standing and walking tasks,
suggesting that IMUs may be a practical solution
for tracking and monitoring progression during
rehabilitation and home exercise. This validation
of IMUs is an important step for the researchers’
larger study, which is evaluating the effectiveness
of IMUs during at-home vestibular rehabilitation in
individuals with mTBI.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.

Orthotics and Prosthetics
Custom Energy-Storing Carbon Fiber Orthosis
Coupled with Return to Run Physical Therapy
Program Shown to be Efficacious
Limb salvage is feasible for many open
fractures resulting from blasts and other highenergy mechanisms of injury, but outcomes
are suboptimal. The Major Extremity Trauma
and Rehabilitation Consortium (METRC)
Patient Response to an Integrated Orthotic and
Rehabilitation Initiative for Traumatic Injuries
at Military Treatment Facilities (PRIORITI-MTF)
Study was a pre-post intervention study which
evaluated the efficacy of an integrated Intrepid
Dynamic Exoskeletal Orthosis (IDEO; Figures 7-11
& 7-12) and the Return to Run Physical Therapy
(RTR PT) program. The study was conducted at
the Naval Medical Center San Diego, Walter Reed
National Military Medical Center (WRNMMC), and
Brooke Army Medical Center, where the IDEO and
the RTR PT program were developed and broadly
employed at the time of study initiation. The IDEO
maximizes strut dynamics, energy storage, and
power while off-loading and protecting the ankle
and foot. The RTR PT program, a high-intensity,

FIGURE 7-11: IDEO brace

FIGURE 7-12: IDEO brace in action
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sports medicine-based approach to rehabilitation,
was developed to maximize use of and satisfaction
with the IDEO, with an aim toward returning users
to athletics and military service.
Participants were Service members who had
experienced persistent functional deficits after
a traumatic lower-extremity injury at or below
the knee at least one year prior to enrollment.
Assessments included immediate improvements
in physical performance, satisfaction with the
IDEO, and 12-month improvements in selfreported outcomes. A total of 91 participants
were enrolled and received a custom IDEO; 81 of
those completed enough of the intervention and
follow-up to be included in the analysis.
Functional performance improved between the
completion of the RTR PT and baseline. At both
follow-ups, participants showed improvement on
almost all domains of the Short Musculoskeletal
Assessment Form, with more impressive results
at the 12-month follow-up. Clinically meaningful
changes in mobility and daily activities were
observed at 12 months. Satisfaction with the
IDEO was very high following completion of RTR PT,
with some attenuation at follow-up. Satisfaction
with the IDEO at 12 months was higher than
satisfaction with conventional ankle-foot orthoses,
which were reported to be used by 52 participants
prior to study enrollment. Improvements in
function were similar at all three centers. To date,
more than 300 patients have received the IDEO
from the two new facilities, further demonstrating
the importance of expanding this capability beyond
a single site.
The study results add to the evidence regarding
the effectiveness of the IDEO when coupled with
RTR PT. The results could substantially influence
the risk-benefit analysis that patients and
providers consider when deciding to proceed with
amputation versus limb salvage following major
foot and ankle trauma. While growing evidence
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suggests particularly poor outcomes for these
patients with some indication that outcomes
would improve had the limb been amputated,
incorporating the provision of an IDEO and RTR PT
in limb salvage protocols could substantially alter
these conclusions.
This study was sponsored by the Peer Reviewed
Orthopaedic Research Program.
Prosthesis Satisfaction and Quality of Life in
Service Members with Deployment-Related
Major Traumatic Amputation
Naval Health Research Center, via collaboration
and funding from the DoD/VA Extremity
Trauma & Amputation Center of Excellence,
explored prosthesis satisfaction and quality of
life in Service members with major traumatic
amputation from the Iraq and Afghanistan
conflicts. Satisfaction with prosthetic devices
was explored using data obtained through the
Wounded Warrior Recovery Project (WWRP), an
ongoing, web-based, longitudinal examination of
patient-reported outcomes of Service members
injured on deployment. Prosthesis satisfaction
was measured with 11 items from a modified
version of the Orthotics and Prosthetics Users’
Survey (OPUS) Satisfaction with Devices and
Services module. Participants answered items
on a six-point Likert scale. An overall satisfaction
score was calculated for each participant as the
total sum of scores.
Quality of life was measured using the Quality of
Well-Being–Self-Administered (QWB-SA) Scale. A
total of 87 WWRP participants with deploymentrelated major traumatic amputation completed
these assessments between March and August
2018. Participants were all men injured in a blast
and were primarily in the Army (73.6 percent).
The majority of participants responded “Agree” or
“Strongly Agree” with the following six statements:
1) My prosthesis fits well (76 percent); 2) The
weight of my prosthesis is manageable (85

percent); 3) My prosthesis is comfortable throughout
the day (61 percent); 4) It is easy to put on my
prosthesis (79 percent); 5) My prosthesis looks good
(68 percent); and 6) My prosthesis is durable (88
percent).
In contrast, the majority of participants responded
Disagree or Strongly Disagree with the following four
statements: 1) My clothes are free of wear and tear
from my prosthesis (79 percent); 2) My skin is free
of abrasions and irritations (62 percent); 3) I can
afford the out-of-pocket expenses to purchase and
maintain my prosthesis (55 percent); and 4) I can
afford to repair or replace my prosthesis as soon
as needed (56 percent). In addition, 44 percent
responded Disagree or Strongly Disagree with the
statement, “My prosthesis is pain free to wear.”
The mean QWB-SA score was 0.45 (SD = 0.11). In
linear regression analysis, OPUS satisfaction score
was positively associated with QWB-SA (quality of
life) score (r2 = 24.4; p = 0.004).
Overall, the findings revealed that most participants
were satisfied with the fit, weight, comfort, ease of
use, appearance, and durability of their prosthesis.
Participants were less satisfied with the effect
of their prosthesis on clothing and skin, as well
as expenses related to prosthesis out-of-pocket
repair and replacement costs. Providers should
be cognizant of concerns that may affect patient
satisfaction and well-being in their efforts to provide
patient-centered care and the best health care
outcomes to injured Service members.
This study was sponsored by the DoD/VA Extremity
Trauma & Amputation Center of Excellence.

Extremity Injury Management
Leveraging Delayed Amputation Outcome to
Identify Limb Salvage Population from Military
Medical Databases
Severe limb-threatening injuries require extensive
surgical and rehabilitative treatments, and often
result in long-term functional limitations. The term
“limb salvage” has been used as an umbrella term
for reconstructive efforts following musculoskeletal
trauma when injury severity does not indicate
immediate amputation. The DoD/VA Extremity
Trauma & Amputation Center of Excellence, via
collaboration with the Naval Health Research Center,
is exploring how to identify Service members who
would be considered “limb salvage.” It has been
postulated that extremity injury associated with
delayed amputation may be used as a proxy to
reverse-engineer an algorithm to identify Service
members who have undergone limb salvage.
Thus, the goal of this analysis was to examine
the sensitivity and specificity of limb-threatening
extremity injuries (or combination of injuries)
related to delayed amputation as a first step toward
developing an algorithm capable of identifying the
limb salvage population within the Military Health
System.
The Expeditionary Medical Encounter Database
(EMED) was queried for Service members with
combat-related lower limb injuries, which resulted
in a cohort of 4,000 individuals. Service members
in this cohort with confirmed delayed amputations,
defined as amputations that occurred more than
72 hours after injury, were identified (n = 346; 8.6
percent). Sensitivity and specificity analyses were
performed to model which lower limb-threatening
injuries or combination of injuries were related to
the delayed lower limb amputation. Sensitivity was
highest (0.94) when any one of the following injuries
occurred: femur fracture, tibia fracture, calcaneal
fracture, vessel injury, or nerve injury. When injuries
were examined independently, tibia fracture,
calcaneal fracture, and vessel injury demonstrated
the highest degree of sensitivity (0.58, 0.45, and
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0.32, respectively). Specificity was highest (0.96)
when tibia and calcaneal fractures occurred
together. The optimum trade-off between
sensitivity and specificity (both values in the 0.72
range) occurred when either calcaneal or open
fractures were present.
Sensitivity is more important than specificity when
using limb-threatening injuries among Service
members to identify delayed amputation. False
positives are necessary to ensure that successful
limb salvage circumstances are included when
using delayed amputation as a surrogate for limb
salvage. As such, an algorithm that includes any
femur, tibia, calcaneal fracture, vessel injury,
or nerve injury to identify a limb salvage cohort
warrants further investigation. Leveraging
additional variables, such as surgical procedures
in the first year, will also be critical in developing
an algorithm to correctly identify a cohort of these
patients.
This study was sponsored by the DoD/VA Extremity
Trauma & Amputation Center of Excellence.
3D Bioprinting of Customizable Bioactive
Scaffolds for the Repair of Long Bone Injuries
Damage to the upper and/or lower extremities is
becoming increasingly common among the injuries
sustained by Service members. Treatment of
these wounds requires complex reconstructive
procedures and the need to replace damaged
or lost bone. Conventional methods for the
regeneration of long bone injuries involves
transplantation of autografts. However, this
method is not always feasible for those severe
injuries where a donor site for grafting is not
available.
Researchers investigated an alternative
strategy for the repair of long bone injuries. The
investigators developed a three-dimensionally (3D)
printed bioactive scaffold made of a resorbable
calcium- and phosphorus-based ceramic material
augmented with dipyridamole (DIPY). DIPY is an
adenosine A2A receptor indirect agonist known to
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enhance bone formation. Scaffolds with various
concentrations of DIPY were evaluated in a fullthickness segmental defect in a rabbit model and
were shown to promote bone in-growth throughout
the scaffold in a concentration-dependent manner.
This work demonstrates the ability of the
developed scaffold to directionally regenerate and
remodel bone, as well as its biocompatibility and
resorption.
This study is managed by CDMRP with support
from the Reconstructive Transplant Research
Program with program interest by CRMRP/JPC-8.
An Overview of Combat-related Extremity Injury
in U.S. Service Members
Extremity injuries have emerged as one of the most
common injuries in post-9/11 conflicts, and Service
members affected by combat-related extremity
injuries represent a unique population with specific
short- and long-term health care needs. Naval
Health Research Center, through collaboration
and funding from the DoD/VA Extremity Trauma
& Amputation Center of Excellence, performed
a comprehensive description of all combatrelated extremity injuries in Service members
who were injured in Iraq and Afghanistan.
Using data obtained through the Expeditionary
Medical Encounter Database (EMED), a data
repository housing deployment-related medical
encounter information from point of injury through
rehabilitative care, 17,629 Service members with
18,004 extremity injuries were identified from
2001 to 2018.
Combat-related extremity injuries were queried
using Abbreviated Injury Scale (AIS) codes.
Birthdate, gender, service branch, pay grade, injury
mechanism, posture (mounted or dismounted),
mission, Injury Severity Score (ISS), and anatomical
injury location information were also extracted
from EMED. Component and military occupational
specialty were collected from the Defense
Manpower Data Center. Descriptive statistics
were used to characterize the final population.

Patient-reported outcomes for a subset of Service
members with extremity injuries were provided by
the WWRP, an ongoing, longitudinal examination of
patient-reported outcomes among Service members
injured while on deployment. Additional descriptive
statistics, chi-square analyses, and generalized
linear modeling were conducted to characterize
WWRP participants with extremity injuries.
The population was relatively young, with 78 percent
under 30 years of age at time of injury. Army (69
percent) and Marine Corps (28 percent) members
made up most of the population, and 81 percent
were in the lower-to-mid-enlisted ranks (E1–E6).
The majority were injured by blasts (75 percent),
and injuries were evenly split between mounted
(38 percent) and dismounted (37 percent) events.
Around 60 percent of injured Service members were
infantry and gun crew. Over half of the injuries (56
percent) were categorized as mild (ISS 1 to 3), with
a median ISS of 3 (equating to mild injury overall).
Injuries were distributed relatively equally between
the upper and lower extremities, with a slightly
higher percentage of lower extremities having more
than one injury and higher maximum AIS compared
with upper extremities. WWRP results show that
Service members with extremity injuries experienced
significantly higher rates of long-term physical and
psychological health problems than non-extremityinjured Service members and reported lower overall
quality of life compared with the U.S. general
population. Additionally, Service members with
extremity injuries who screened positive for PTSD
and/or depression had significantly lower quality of
life scores regardless of injury severity category.
Results from this work may be used to inform
leadership and decision makers about the scope
and characteristics of the extremity-injured military
population, resulting in a better understanding of
how to address this population’s needs.
This study was sponsored by the DoD/VA Extremity
Trauma & Amputation Center of Excellence with
program oversight by Naval Health Research Center.

Targeted Muscle Reinnervation Shown to Reduce
Amputee Pain and Phantom Limb Pain
An innovative surgery originally developed to
enhance the use of advanced prosthetics, Targeted
Muscle Reinnervation (TMR) also significantly
reduces amputees’ limb pain, according to a clinical
study soon to be published in the peer-reviewed
Annals of Surgery. The findings underscore the
procedure’s potential to revolutionize treatment and
become the new standard of care for millions of
amputees worldwide suffering from often debilitating
chronic pain.
The study, the first-ever published randomized
clinical trial for the treatment of post-amputation
pain in major limb amputees, found that the
TMR procedure resulted in a significantly greater
reduction in phantom limb pain and trended toward
improved residual limb pain, compared to standard
treatment for nerve and pain issues.
These findings were successful for patients with all
mechanisms of limb loss, including blast injuries.
Almost half of the patients treated in the study had
their surgeries at WRNMMC, with the remaining
patients treated at Northwestern Memorial Hospital
in Chicago. This study points the way towards the
successful treatment of cut nerve endings that occur
with amputations, as well as other nerve injuries that
can occur elsewhere in the body.
As an adjunct to this clinical trial for the treatment
of post-amputation pain, this team also documented
the successful prevention of amputee pain and
phantom limb pain by using the TMR surgical
technique during the initial amputation. The TMR
surgical technique can be used at the time of
amputation or to revise an amputation for either the
prevention or relief of amputee pain and phantom
limb pain.
This study was sponsored by the Peer Reviewed
Orthopaedic Research Program with program
interest by CRMRP/JPC-8.
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An Overview of U.S. Service Members with
Combat-related Amputation and Burn Injuries
Burn injuries are a common combat injury,
representing 5 to 20 percent of battlefield injuries.
Burns to the extremities are especially devastating,
with negative effects ranging from functional
impairment to limb loss. In order to increase the
understanding of the relationship between burn
injuries and amputation, Naval Health Research
Center, through collaboration and funding from the
DoD/VA Extremity Trauma & Amputation Center of
Excellence, performed a thorough description of
burn-injured Service members with combat-related
amputation from Iraq and Afghanistan.
The burn-only (AB) group consisted of 10
individuals with 10 amputations, while the burn and
additional extremity injury (ABE) group comprised
55 individuals with 64 amputations. The entire
population (n = 65) was male and the two groups
were similar in age at time of injury (27.0 years, AB;
25.9 years, ABE); Service branch (AB, 90 percent
Army, 10 percent Marine Corps; ABE, 80 percent
Army, 17 percent Marine Corps); and pay grade
(AB, 100 percent E1–E6; ABE, 87 percent E1–E6).
Ninety percent of the AB group were injured in a
mounted blast event, compared to 76 percent of
the ABE group and 42 percent of individuals with
amputations and no burns. The AB group was more
likely to sustain severe injuries, with a mean Injury
Severity Score of 33.1, compared to 22.3 (ABE) and
18.4 for individuals with amputations and no burns.
The burden of total amputation was proportional
between both AB and ABE groups. However,
major differences in amputation location were
observed. The AB group sustained exclusively upper
extremity amputations, while 81 percent of the ABE
amputations were located in the lower extremities,
similar to the amputations with no burns group at
86 percent. Finally, timing of amputation was similar
between both AB and ABE groups, with 91 percent
and 89 percent, respectively, sustaining delayed
amputations (defined as occurring more than 24
hours after the injury event). In contrast, only 24
percent of amputations with no burns were delayed.
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This study was sponsored by the DoD/VA Extremity
Trauma & Amputation Center of Excellence with
program oversight by Naval Health Research Center.
Fall Prevention Training Program for Warfighters
with Lower Extremity Trauma
Individuals with lower limb amputations are more
at risk for falls, and postural perturbation training
has shown to reduce the risk of falls. A recent study
validated the inertial measurement units (IMU)
estimate of trunk kinematics against motion capture
during treadmill disturbances. Small, inexpensive,
portable IMU are preferred for routine clinical care
and have been validated for trunk motion during
walking and running on a treadmill; however,
treadmill fall prevention training generates higher
accelerations. Ten healthy young adults had an
IMU with a retro-reflective marker triad placed on
their sternum to estimate trunk kinematics. The key
outcome measures were trunk flexion kinematics at
recovery step. Motion capture is typically used but
requires space and trained staff.
Disturbances, increasing in magnitude, were
delivered until the harness supported at least 50
percent of the subject’s weight. Equivalence testing
(α = 0.05) demonstrated the trunk angle (TA) and
angular velocity (TAV) measured by the IMU and
motion capture were equivalent. The 95 percent
confidence intervals (TA: [-1, 1], TAV: [0, 17]) were
within the equivalence interval (TA: [-2, 2], TAV:
[-20, 20]) and the p values (TA: 0.005, TAV: 0.011)
were less than alpha. The data confirmed that
IMUs provide a valid method for measuring trunk
kinematics during treadmill perturbation training.
IMUs using a commercially available Kalman filter
provide a valid method for measuring TA and
TAV during treadmill disturbances, which aid fall
prevention during rehabilitation in a clinical setting.
This study was sponsored by the Orthotics and
Prosthetics Outcomes Research Program with
program interest by CRMRP/JPC-8.
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Retrospective Study of Cardiovascular Disease
Risk Factors Among a Cohort of Combat Veterans
with Lower Limb Amputation
Studies of World War II Veterans found relatively
high rates of cardiovascular disease (CVD),
including long-term mortality following combatrelated amputations. However, little research has
described risk factors for CVD including metabolic
syndrome among Service members who sustained
lower limb amputations in the Iraq and Afghanistan
conflicts. Approximately 90 percent of these combat
amputations were caused by blast injuries. This
study described CVD risk factors, including metabolic
syndrome for patients with lower limb amputations
and those with serious lower extremity injuries
without amputation.

Researchers at the Naval Health Research Center
(NHRC) and Department of Veterans Affairs (VA) at
the San Diego VA, with funding from the Navy Bureau
of Medicine and Surgery’s Wounded, Ill, and Injured
Program, identified study patients and injury-specific
data in NHRC’s Expeditionary Medical Encounter
Database (EMED). The study population was patients
injured in Iraq and Afghanistan between 2003 and
2008 with either serious lower limb injury without
amputation (n = 184), unilateral (n = 442), or bilateral
(n = 146) lower limb amputations. VA national data
sources provided CVD measures over an average
of eight years post-injury. These measures included
blood pressure, mean arterial pressure (MAP), highand low-density lipoprotein cholesterol (HDL, LDL),
triglyceride (TG) levels, and metabolic syndrome.
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Compared with the limb injury group, patients with
unilateral lower limb amputation had significantly
lower HDL and significantly higher TG levels.
Those with bilateral lower limb amputation had
significantly higher MAP, significantly lower HDL,
and significantly higher TG levels. The prevalence
of metabolic syndrome, defined as Type 2 diabetes
or a constellation of blood pressure and lipid
changes consistent with metabolic syndrome, was
8.7 percent, 14.9 percent, and 21.9 percent for
limb injury, unilateral amputation, and bilateral
amputation groups, respectively. Veterans with
bilateral lower limb amputation were over 2.25
times more likely to develop Type 2 diabetes or
blood pressure and lipid changes consistent with
metabolic syndrome compared with patients who
had limb injury (without amputation).

Outcomes Following Upper Limb Amputation and
Serious Upper Limb Injury
Naval Health Research Center and VA San Diego
Health Care System, with support from the Navy
Bureau of Medicine and Surgery’s Wounded, Ill, and
Injured Program and the DoD/VA Extremity Trauma
& Amputation Center of Excellence, undertook a
retrospective study to compare health outcomes
following upper limb amputation with outcomes
following serious upper limb injury during the first
five years post-injury.

Most patients were injured by blast weaponry that
caused serious to severe injuries. All groups had
a high prevalence of physical and psychological
health diagnoses. The prevalence for nearly all
wound complications and many physical and
psychological disorders decreased substantially one
year post-injury. The prevalence of PTSD, however,
increased significantly from post-injury years
one (20 percent) to three (36 percent). Between
69 and 90 percent of patients were diagnosed
with a pain or psychological disorder during postinjury year one. This incidence rate remained
relatively high even during post-injury year five
(37 to 53 percent). After adjusting for covariates,
the AE group had significantly higher odds for
some physical and psychological diagnoses (e.g.,
deep vein thrombosis/pulmonary embolism,
cervical pain, osteoarthritis, obesity, and mood
and adjustment disorders) than the BE or NO AMP
groups. BE patients had significantly lower odds
for osteomyelitis, and AE and BE patients had lower
odds for fracture nonunion and joint disorders
than NO AMP. The results identify similarities and
differences in clinical outcomes following combatrelated upper limb amputation versus serious arm
injury, and they can inform medical planning to
improve rehabilitation programs and outcomes for
these patients.

The study identified all 318 Service members who
sustained either an above elbow (AE), below elbow
(BE), or serious arm injury without amputation
(NO AMP) in Iraq or Afghanistan between 2001–
2008. DoD and VA national-level databases
were used to obtain outcomes for this population,

This study was managed by the Naval Health
Research Center and VA San Diego Health Care
System with support from the U.S. Navy Bureau of
Medicine and Surgery’s Wounded, Ill, and Injured
Program and the DoD/VA Extremity Trauma &
Amputation Center of Excellence.

The results support targeting primary care and
lifestyle interventions to manage weight, blood
pressure, and lipid levels to reduce cardiac risk
particularly following unilateral and bilateral lower
limb amputations.
This study was sponsored by the U.S. Navy Bureau
of Medicine and Surgery’s Wounded, Ill, and Injured
Program.
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including wound complications, physical health
complications, and psychological complications.
Using this merged DoD/VA set of data, the study
sought to compare the physical and psychological
outcomes of patients with unilateral combat-related
upper limb amputation versus individuals with a
combat-related serious upper limb injury without
amputation and to analyze health outcomes after
combat injury over time during the first five years
post-injury.
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Clinic Use at the Department of Defense and
Veterans Affairs Following Combat-related
Amputations
Most Service members who sustained combatrelated amputations in the Iraq and Afghanistan
conflicts transition from DoD health care to VA health
care. To better understand the timing and clinical
care received during this transition, researchers
at the Naval Health Research Center in San Diego
conducted a retrospective analysis of health data for
649 Service members with major limb amputations
from 2001 through 2008. The objectives were
to describe: to what extent patients used either
DoD-only facilities, both DoD and VA facilities, or
VA-only facilities during the first five years post-injury;
which specific clinics were used; and clinic use
among patients with different levels of amputation
(upper versus lower), and among patients with early
or late amputation.
Results revealed that during the first-year post-injury
(Figure 7-13), most individuals (70 to 78 percent)
used both DoD and VA clinics, and then the use
of VA clinics only increased gradually between the
second (15 to 30 percent) and fifth post-injury years
(75 to 88 percent). This gradual transition to use of
VA-only clinics was seen consistently across patient
groups with different anatomical levels or timing of
amputation, military component, or race. Patients
with lower levels of amputation (versus higher levels)
and individuals with early amputations (versus late)
transitioned earlier to VA-only care. Overall, clinic
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FIGURE 7-13: Percentage of patients with below knee
amputations using DoD and/or VA health care by post-injury
year. (Figure used with permission from the authors.)

use was high, as 91 to 100 percent of all patient
groups used one or more clinics (DoD or VA) during
each of the first five years. For specific clinics, most
patients used DoD facilities related to rehabilitation
or transitional care particularly during post-injury
year one. Use of most VA clinics studied showed a
modest increase primarily after post-injury year one
and remained stable through post-injury year five.
This study was funded by the Navy Bureau of
Medicine and Surgery’s Wounded, Ill, and Injured
Program and the DoD/VA Extremity Trauma &
Amputation Center of Excellence.

Transplants and Grafts
Standardized Approach for Facial Transplantation
to Improve Outcomes
Conventional methods of craniofacial reconstruction
are insufficient for severe craniofacial injuries, often
failing to make a severely injured Service member
look or function normally again. The development
of techniques and protocols for facial vascularized
composite allotransplantation (VCA) potentially
solves these issues by replacing “like with like” for
restoring a Service member’s appearance, function,
and psychological well-being. However, the need for
lifelong systemic immunosuppression, which carries
the risk of organ failure, cancer, and even death has
limited the utility of VCA.
A team of scientists at New York University School of
Medicine received an award from the Reconstructive
Transplantation Research Program to investigate
the inclusion of large pieces of bone from the donor
craniofacial skeleton to permit the minimization
of immunosuppression and optimize functional
and aesthetic outcomes. The investigators are
developing a systematic approach for 3D modeling,
standardized virtual planning, and fabrication of
personalized surgical devices. They will examine
the impact of the inclusion of substantial marrowcontaining vascularized bone on immunosuppressive
requirements and outcomes. The team has
completed two face transplants, one of which was
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funded under this award, with surgeries and
recovery occurring without incident and both
patients presenting with excellent aesthetic,
functional, and quality of life outcomes. This work
demonstrates that exhaustive planning, process
standardization, and quality improvements can
be implemented successfully for these surgical
procedures.
This study is managed by CDMRP with support
from the Reconstructive Transplant Research
Program with program interest by CRMRP/JPC-8.
Bone Regeneration Device Consisting of
Hydrogel, Cytokines, and Mesenchymal Stem
Cells
Approximately 20 percent of injured combat
personnel suffer extremity bone fracture and
loss, of which 80 percent are open compromised
wounds with significant tissue loss postdebridement. Currently no therapy is available to
regenerate large bone volumes in compromised
wounds.
A team at the University of Pittsburgh, in
coordination with USAISR, is conducting studies
to develop a biologic device to accelerate bone
healing. The device is designed to be applied via
two different modalities depending on the nature
of the injury: a cross-linked hydrogel for treating
comminuted fractures and small bone deficits
and an implantable hydrogel infused scaffold for
treating large bone deficits. Both devices will
consist of a hydrogel carrier for the delivery of
cytokines (TGFb-1 [transcription growth factor
beta 1] and IL-10 [interleukin-10]), with or without
autologous mesenchymal stem cells.
The devices will be evaluated using a swine model
system. To date, the initial pilot test on nine
animals with a terminal end point of one month
has been completed. Pilot data demonstrates
that the hydrogel device with TGFb-1 is nearly fully
resorbed after two weeks in vivo and that by one
month, there is a comparable volume of bone at
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the defect site versus a commercially available
product. However, compared to that product,
the hydrogel+TGFb-1 had less inflammation and
ectopic bone formation. The team filed their first
full patent application for the device in June 2019.
This study is managed by CDMRP with support
from the Reconstructive Transplant Research
Program with program interest by CRMRP/JPC-8.
Identification of MMP3 as a Novel Non-invasive
Biomarker for Facial VCA Rejection
Vascularized composite allotransplantation (VCA),
the transplantation of multiple tissue types such
as a face or hand, has become a viable option
to restore function and appearance in some
amputees or severely disfigured individuals.
However, recipients must adhere to lifelong
immunosuppression regimens, and most recipients
will experience an episode of acute rejection within
the first year. Novel non-invasive biomarkers for
the diagnosis of rejection in VCA are needed as an
alternative to the current reliance on skin biopsies
and the Banff classification system.
A team at Brigham and Women’s Hospital received
an award from the Reconstructive Transplantation
Research program to identify novel non-invasive
biomarkers of allograft rejection in VCA recipients.
Following the analysis of serum samples from
six face transplant recipients using a novel
proteomic platform called SOMAscan, the team
identified five proteins capable of discriminating
severe rejection from no-rejection and non-severe
rejection. Of these, MMP3 showed the highest
levels of upregulation and was further validated
using Enzyme-linked Immunosorbent Assay (ELISA),
a standard immunoassay technology (Figure 7-14).
These findings are the first to identify MMP3 as a
potential non-invasive biomarker for monitoring
severe rejection episodes.
This study is managed by CDMRP with support
from the Reconstructive Transplant Research
Program with program interest by CRMRP/JPC-8.

Use of Human Acellular Vessel to Save Limbs of
Veterans
On July 2, 2019, Human Acellular Vessels (HAVs)
were implanted in a retired Veteran at WRNMMC
who was at risk for limb loss. The patient required
a lower extremity arterial bypass due to worsening
vascular disease and did not have adequate native
vessels to accommodate the procedure. This case
was the second instance an HAV surgical graft
implant was performed under a compassionateuse investigational new drug application approved
by the FDA.

FIGURE 7-14: Results of the MMP3 ELISA. (A) A total of 24
serum samples from no-rejection (n = 13), non-severe rejection
(n = 5), and severe rejection (n = 6) groups were included in
ELISA validation of the SOMAscan results. Serum samples
taken at time points of severe rejections showed significantly
higher levels of MMP3 as compared to samples from norejection (p = 0.0009) and non-severe rejection (p = 0.0173)
time points. Data are presented as boxplots: Boxes delineate
1st (lower border) and 3rd (upper border) quartiles from the
median (line within the box); whiskers represent minimum and
maximum values. Statistical significance was evaluated with
a two-tailed non-parametric Mann-Whitney U test. (B) ROC
curves of the MMP3 ELISA data between the no-rejection,
non-severe rejection, and severe rejection samples. MMP3
shows good performance as a diagnostic marker for severe
rejection episodes as compared to no-rejection (AUC = 0.9487;
95% CI 0.8409 to 1) as well as non-severe rejection (AUC =
0.9333; 95% CI 0.7797 to 1) episodes. n.s., not significant; ROC,
receiver operating characteristic; AUC, area under the curve.
(Figure used with permission from the authors.)

Humacyte, Inc., the inventor of the HAV, is currently
studying the product in an ongoing clinical trial
to establish efficacy and safety data to support
FDA submission. The work is being funded by the
U.S. Army Medical Materiel Development Activity.
If approved by the FDA, the HAV will replace the
current standard of care for blood vessel repair,
which requires the surgeon to remove a healthy
native vessel from the patient’s body to be used as
a repair graft. Additionally, it will resist infection,
be ready to go off-the-shelf, reduce surgery time,
and be simple and easy to use which provides nonspecialized general surgeons the ability to perform
the blood vessel repair procedure.
The use of the HAVs saved the limbs of two
Veterans at WRNMMC who otherwise would have
required amputations. If FDA-approved, the HAV
will improve upon the standard of care for vessel
repair.
This study was sponsored by the U.S. Army
Medical Materiel Development Activity.
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Secondary Effects of Blast Exposure
Establishment and Characterization of a Murine
Model of Polytrauma
Polytrauma commonly involves both an mTBI
and peripheral trauma including limb fractures.
Interactions between an mTBI and peripheral
injuries are poorly understood, with both leading to
chronic pain and neurobehavioral impairments. To
help clarify and examine interactions between mTBI
and peripheral injuries, researchers developed a
murine polytrauma model.
In this study, researchers used a closed-head
mTBI model with or without a tibia fracture to study
post-TBI nociceptive sensitization in male and
female mice. Mild TBI alone resulted in increased
mechanical allodynia in male and female mice.
Female fracture and polytrauma groups displayed
greater increases in hind paw tactile hypersensitivity
for weeks after injury than did the respective male
groups. Capsaicin-evoked spontaneous pain
behaviors were greater in fracture and polytrauma
female mice compared with male mice. The mTBI
and polytrauma male mice displayed significant
deficits in spatial working memory. All fracture,
mTBI, or polytrauma groups had deficits in objectrecognition memory. Only male mTBI or polytrauma
mice showed greater agitation and increased risktaking behavior in open field testing as well as zero
maze tests. Additionally, impaired diffuse noxious
inhibitory control was observed in all mTBI and
polytrauma mice.
Animal data is consistent with clinical reports
suggesting that brain centers involved in descending
modulation are involved in enhanced pain
sensitization after mTBI. This model can be used to
study the specific involved brain centers and help
better understand mechanisms of injury after mTBI.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.
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Studying Neurobiological Changes that Remain
after Clinical Recovery from Mild Traumatic Brain
Injury
The Combat Casualty Care Research Program
funded research at the Medical College of Wisconsin
to examine the correlation between biomechanical,
clinical, neurobiological, and neuroradiological
markers of mTBI in order to better understand the
neurobiopsychosocial model of mTBI. Previous
studies from the researchers address potential
biomarkers of mTBI. Two recent publications from
this research support the emerging concept that
injury to the brain is still detectable after clinical
measures indicate recovery and suggest a use for
diffusion and resting-state magnetic resonance
imaging (MRI) techniques in the treatment of mTBI.
Recent evidence from several studies has
suggested that differences in the brain can still
be detected for a period even after resolution of
symptoms of mTBI. As a result, there are concerns
about an increased risk of re-injury during this
period. To address this, the research team used
both diffusion tensor imaging (DTI) and diffusion
kurtosis tensor imaging (DKTI) to examine wholebrain white matter changes longitudinally post-injury.
The study enrolled male football players. Clinical
testing was conducted pre-season for baseline and
at five time points post-injury, and neuroimaging
was conducted at 24 hours, eight days, and six
months post-injury. By eight days post-injury, no
difference existed between concussed individuals
and controls in the clinical outcome measures, with
the scores from the concussed individuals also not
differing statistically from their baseline scores.
However, differences were observed in white matter
tracts even six-months post-injury. Furthermore,
increased symptoms reported 24 hours after injury
were associated with the level of changes seen via
diffusion MRI at six months, suggesting a dosedependent relationship.
In a second study, resting-state functional
connectivity of the whole brain was measured
longitudinally with resting-state functional MRI
(rs-fMRI) and compared to clinical outcome

measures (Kaushal et al., 2019). This study
recruited high school and college football players
who completed baseline clinical outcome
measures, as well as clinical outcome measures
and MRI at 48 hours, eight days, 15 days, and
45 days post-injury with matched controls. As in
the previous study, clinical outcome measures
mostly returned to baseline by eight days postinjury, with a median of eight days for symptom
recovery. In contrast, rs-fMRI detected a global
increase in resting-state functional connectivity
at the eight-day post-injury time-point (Figures
7-15 & 7-16). Differences were not detected
at any other time-point, suggesting a delayed
physiological effect of injury. Interestingly, the
connectivity change was largely observed in the
patients who were still symptomatic at eight days,
not the asymptomatic patients. Thus, rs-fMRI
may be useful in clinical management of mTBI.
These findings indicate that more research is
necessary to understand the impact of the period
between clinical recovery and neurobiological
recovery on activities during return to duty and
suggest a use for MRI in mTBI treatment.

FIGURE 7-15: Network-based statistic results: whole group
analysis. Shown are the nodes (i.e., regions of interest)
and edges (connections) of networks in which concussed
athletes had significantly greater connectivity than controls
at the 8-day visit. Edges are colored based on t-stat values.
Nodes and edges are projected onto the MNI standard
template brain using BrainNet Viewer. Nodes are displayed
via a sphere at the center of mass for each ROI. L,left; R,right.

This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CCCRP/JPC-6.
Novel and Portable Ways to Measure Balance
Using New Technology
Every year, 1.5 million people sustain a TBI in the
U.S. and of these, 75 percent are considered to
have a mild TBI. While many people recover from
an mTBI within three months, up to 40 percent
develop post-concussive syndrome, which
includes headaches, dizziness, and vertigo. Most
people with mTBI who complain of feelings of
unsteadiness, fogginess, and dizziness have not
found a clinic that can measure their symptoms.
If clinicians cannot measure the symptoms, they
are difficult to treat. This difficultly in measuring
and subsequently treating balance problems is
frustrating for patients and their families, and is
expensive for the health care system. Although

FIGURE 7-16: Network-based statistic results: sub-group
analysis. Shown are the nodes (i.e., regions of interest [ROI])
and edges (connections) of networks in which symptomatic
concussed athletes had significantly greater connectivity
than controls at the 8-day visit. Edges are colored based on
t-stat values. Nodes and edges are projected onto the MNI
standard template brain using BrainNet Viewer. Nodes are
displayed via a sphere at the center of mass for each ROI. L,
left; R, right.

the proposed studies are in people with longlasting symptoms after mTBI, the findings could
quite easily benefit rehabilitation of people soon
after sustaining an mTBI.
Researchers at the Oregon Health and Science
University will conduct a study to further
understand balance problems in people with
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mTBI and rehabilitation treatments to help central
sensorimotor integration. The first aim of this
study is to use novel techniques to assess and
understand the root of balance problems after mTBI.
The second aim is to test a novel audio biofeedback
rehabilitation approach in which patients hear
through headphones how their body is moving so
that they can improve their walking and standing
balance.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.

Neurophysiological Response to Blast
Quality of Life Outcomes
Patient Outcomes Following Cervical Traumatic
Spinal Cord Injury
Traumatic spinal cord injuries (TSCI) can cause
serious injuries to motor and sensory functions,
resulting in poor quality of life. Neurological
recovery of patients sustaining cervical TSCI can be
improved by early decompression surgery performed
within 19 hours post-injury. Upon follow-up six
months post-injury, patients who received early
decompression surgery showed more pronounced
neurological improvement as assessed from the
American Spinal Injury Association impairment scale
(AIS). Seventy five percent of patients that received
early decompression surgery improved at least one
AIS grade versus 41 percent for those who did not.
Furthermore, the initial severity of the neurological
injury after a cervical TSCI may be used to estimate
quality of life following injury. Those individuals who
sustained less severe neurological injury scored
more favorably on the self-reported SF-36 Health
Survey. Additionally, this project also reports that
despite severe physical impairment, individuals with
complete tetraplegia may report good mental quality
of life.
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These finding are important to help clinicians define
management strategies for patients and determine
realistic expectations for recovery and quality of life.
This study was sponsored by the Spinal Cord
Injury Research Program with program interest by
CRMRP/JPC-8.
Long-term Quality of Life Outcomes in Injured
Tri-Service U.S. Military Personnel
To better understand the effects of injuries,
primarily blast-related combat injuries, on Service
members’ long-term health and readiness, the Naval
Health Research Center is longitudinally assessing
patient-reported outcomes, including quality of life
and mental health symptoms, in injured Service
members. This project, named the Wounded Warrior
Recovery Project (WWRP), is being conducted with
funding support from the Navy Bureau of Medicine
and Surgery’s Wounded, Ill, and Injured Program and
the DoD/VA Extremity Trauma & Amputation Center
of Excellence. WWRP enrollment is ongoing, and
each of the more than 52,000 Service members
injured in Iraq and Afghanistan will be invited to
participate in the study.
WWRP is a 15-year, longitudinal, prospective,
population-based surveillance project of injured
Service members, with participants completing
follow-up assessments every six months. This
study is being conducted predominantly online, with
supplemental telephone and paper assessments
available for those Service members who cannot
respond online. WWRP includes longitudinal
assessments of PTSD and depression symptoms,
health-related quality of life, and health behaviors
(i.e., sleep, alcohol use, physical activity, cigarette,
and tobacco use). Additionally, several crosssectional assessments have been deployed, allowing
the research team to examine social support, chronic
pain, and functioning and satisfaction ratings for
orthotic and prosthetic users. Measures are chosen
with the aim of examining the complex relationship
between physical and mental health and its impact
on quality of life. This research allows for further
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understanding of the long-term outcomes and
needs for injured Service members, many of whom
were injured due to blasts.
To date, 6,201 injured Service members have
provided informed consent and enrolled in the
study, and over 30,860 assessments have
been completed. Approximately 79 percent
of respondents were injured in a blast event.
WWRP findings from the past year continue to
demonstrate that PTSD and depression are
prevalent issues facing injured Service members,
with many participants exhibiting problematic
health behaviors. In the past year, WWRP research
has examined the relationships between the
various health domains among its overall sample,
injured Service women, and individuals with
extremity injuries. Findings suggest that physical,
mental, and behavioral health issues frequently
co-occur, and may adversely impact quality of life.
Additionally, external factors (i.e., social support)
may play an important role in outcomes.

Understanding the relationships between physical,
mental, and behavioral health will allow for the
optimization of interdisciplinary clinical care
across multiple domains including mental health,
rehabilitation, pain and chronic illness.
This study was managed by the Navy Bureau of
Medicine and Surgery’s Wounded, Ill, and Injured
Program.
Health-related Quality of Life Following
Concussion in Collegiate Student-Athletes
with and without Concussion History
The National Collegiate Athletic Association (NCAA)DoD Grand Alliance: Concussion Assessment,
Research, and Education (CARE) Consortium aims
to better understand the development of injury and
trajectory of recovery from concussion. The CARE
Consortium has received consent from over 37,000
student athletes and Service academy cadets at
30 sites. The CARE Consortium has two study
arms, with the first being a clinical study focused
on examining the natural history of concussion with
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a multi-site, longitudinal investigation of concussive
and repetitive head impacts. The second arm builds
upon the first arm, with a clinical study allowing for
more advanced research projects, such as testing
impact sensor technologies, studying potential
biomarkers, and evaluating concussion with
advanced neuroimaging.
In a recently published study using data collected
by the CARE Consortium, health-related quality of
life (HRQOL) following concussion was examined.
HRQOL is scored as a combination of the functional,
social, and psychological abilities of a patient.
Participants completed baseline and post-injury
assessments at 24–28 hours post-concussion,
as well as at the timepoints at which they were
asymptomatic, return-to-play, and at six-months
post-concussion. The assessments included the
Short Form-12 Version 2 as a measure of global
HRQOL. This assessment can be broken into subscores of physical and mental components. In
addition, the Hospital Anxiety and Depression Scale
(HADS) was used as a specific HRQOL measure for
anxiety (HADS-A) and depression (HADS-D). The
study included 244 varsity athletes from seven
universities. Results from the study indicated that
physical HRQOL decreased following a concussion,
but returned to baseline levels by six-months postconcussion. The data also suggest that when a
patient is clinically ready to return to play, they may
still perceive physical deficits which could potentially
put them at risk for further injury.
Depression scores also seemed to worsen at 24–48
hours post-concussion, but improved even past
baseline during recovery. The decreases in HRQOL
observed in this study were generally small, but
consideration of these measures is likely important
for patient care.
These findings likely translate to TBI from blast and
suggest that HRQOL should be measured and taken
into account during recovery and return to duty.

This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and CCCRP/JPC-6.

Vision Rehabilitation
Amelioration of Visual Deficits and Visual
System Pathology After Mild TBI via the
Cannabinoid Type-2 Receptor Inverse Agonism
of Raloxifene
Visual deficits are very common after TBI, but
therapeutic interventions that limit the posttrauma visual system damage and resulting
visual impairments have not been developed.
We have found in prior published studies that
daily intraperitoneal injection of the cannabinoid
type-2 receptor (CB2) inverse-agonist SMM-189
for two weeks after closed-head focal cranial
blast TBI greatly attenuates the visual deficits and
retinal pathology otherwise produced in mice.
SMM-189 works by modulating the deleterious
role of microglia in the injury process after trauma.
However, SMM-189 has not yet been approved for
human use. As an alternative that might more
rapidly be available for human TBI patients, we
evaluated Raloxifene, which is an FDA-approved
estrogen receptor drug used to treat osteoporosis,
but was recently found to also show noteworthy
CB2 inverse agonism. These studies used a focal
cranial blast model of TBI. In this model, the highpressure air blast in the absence of Raloxifene
treatment yielded deficits in visual acuity and
contrast sensitivity (as measured using the
Optokinetic reflex), reductions in the A-wave and
B-wave peaks of the scotopic electroretinogram
(ERG), increased light aversion, and increased pupil
constriction to light.
Raloxifene delivered daily for two weeks after
blast at 5–10 mg/kg mitigated or eliminated these
abnormalities, with the higher dose being generally
more effective. The morphological analysis showed
that Raloxifene treatment yielded reductions in
the retinal, optic nerve, and oculomotor nucleus
pathology caused by TBI that drives the visual
deficits.
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Moreover, biochemical and immunohistochemical
studies showed that this functional and
morphological rescue with Raloxifene was
accompanied by a biasing of microglia from the
harmful M1 to the helpful M2 state, indicating that
the modulatory effect of Raloxifene in particular and
CB2 receptor inverse agonists such as SMM-189
in general on post-injury microglial polarization to
a harmful neuroinflammatory M1 state appears to
be the basis of their therapeutic benefit. In studies
addressing the post-TBI timing of treatment initiation
needed for rescue with Raloxifene, Raloxifene
treatment was still effective even when delayed until
48 hours after TBI. Finally, the Raloxifene benefit
appeared to be attributable to its CB2 inverse
agonism rather than its estrogenic actions. The
studies thus show that Raloxifene is effective in
treating visual injury and dysfunction after brain
and/or eye trauma, and they provide a basis for
proceeding with Phase 2 efficacy testing in human
clinical trials to determine if this benefit translates to
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humans. Given its FDA-approved status, Raloxifene
could relatively quickly be approved for repurposing
for human use in TBI.
This effort was managed by CDMRP with support
from the Psychological Health/Traumatic Brain
Injury Research Program and programmatic
oversight by CRMRP/JPC-8.
Enucleations and Eviscerations for Combat
Ocular Trauma Performed During Operations Iraqi
and Enduring Freedom: 2001 to 2011
As part of a retrospective case series, researchers
extracted data from the Walter Reed Ocular Trauma
Database (WROTD) to describe demographics and
clinical outcomes of patients who underwent posttraumatic enucleation or evisceration during OIF
and OEF from 2001 to 2011. The WROTD houses
the data of Service members and DoD civilians
with combat ocular injuries from OIF and OEF who
received definitive care at the former Walter Reed

Army Medical Center (WRAMC). For this study,
data concerning post-traumatic enucleations
and eviscerations performed during OIF and OEF
were extracted and analyzed by the number of
enucleations and eviscerations performed, surgery
location, laterality, and graft type. Additionally, the
mechanisms of injury were described and Ocular
Trauma Score (OTS) classification was determined,
with a lower OTS predictive of a poor prognosis.
The predictive value of OTS can guide discussion of
expectations and possible interventions.
Of the 890 eyes in the WROTD, 109 (12.24
percent) underwent an enucleation or evisceration.
Of the 109 eyes, 63 (57.80 percent) primary
enucleations, 36 (33.03 percent) secondary
enucleations, 5 (4.59 percent) post-retinal
detachment repair enucleations, and 5 (4.59
percent) primary eviscerations were completed.
Just over half of the surgeries were completed at a
combat support hospital (57; 52.3 percent) while
49 (45 percent) were completed at WRAMC. Two
patients underwent bilateral surgeries. The most
significant mechanism of injury was improvised
explosive devices (76; 69.72 percent). A little over
half 56 (51.38 percent) of the eyes had an OTS
recorded between 0 and 44, 44 (40.37 percent)
between 45 and 65, and unknown in 9 (8.26
percent).
Approximately 15 percent of patients suffering
from combat ocular trauma underwent an
enucleation or evisceration. The lifelong impact
of vision loss and cosmetic factors can be
debilitating, and the psychosocial effect should be
further studied.
This study was sponsored by CRMRP/JPC-8.
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Conclusion
It is an honor for BIRCO to share so many
accomplishments from across the blast injury
research community in FY19. The breadth of
research topics and outcomes should inspire
confidence among Service members, their
Families, and the general public that major
advances are being made to protect each Service
member from potential blast injuries, and support
the injured throughout their treatment and recovery
processes. Collaboration across the community –
both domestically and internationally – continues
to enhance the knowledge base on the spectrum
of blast injuries and leads to evidence-based
clinical guidelines, programs, and products for
blast injury prevention, mitigation, and treatment.
BIRCO will continue to support the mission of the
EA in coordinating medical research that forms
the foundation for the programs and products that
target blast injuries. By disseminating information
on FY19 accomplishments, BIRCO encourages
collaboration among the research community
and builds confidence in the efforts of the Blast
Injury Research Program and its domestic and
international partners.
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Y19 was a clear demonstration of the
tenacity of the blast injury research
community. Stakeholders from medical
and non-medical communities; across
numerous scientific and clinical disciplines;
from government, industry, and academia in the
U.S. and internationally all strive towards better
solutions for Service members in the prevention,
mitigation, and treatment of blast injury. In FY20,
the DoD Blast Injury Research Coordinating Office
(BIRCO), on behalf of the Executive Agent (EA), will
continue serving as the web connecting the blast
injury research community and the spark igniting
new collaborations to solve complex research
challenges.

Outlook for Fiscal Year 2020
In FY20, BIRCO will continue leading and
sustaining high-visibility, high-impact efforts
requiring dedicated coordination of collaborators
throughout all levels of government and across
academia and industry. Unless otherwise noted
that a program has been concluded, the efforts
detailed in this report are ongoing, and BIRCO will
continue to engage and develop them in FY20.
In support of the DoD’s response to the
Requirement in Section 734 (Sec. 734) of the
National Defense Authorization Act (NDAA)
for FY18 for a Longitudinal Medical Study on
Blast Pressure Exposure of Members of the
Armed Forces, BIRCO will continue leading Line
of Inquiry (LOI) 2: Weapon Systems as the Office
of Primary Responsibility. BIRCO will work with
communities of interest to identify, coordinate,
and collect information on Tier 1 Weapon
Systems related to safety precautions and effects
of blast exposure. An LOI 2 sub-workgroup will be
stood up and convened to ensure all Services and
communities of interest are able to contribute
to findings and recommendations. Such critical
findings and recommendations will be shared
with Sec. 734 leadership for immediate action
where appropriate, and the LOI 2 will coordinate
across all LOIs for collaborative recommendations
for inclusion in the final report to Congress.

The U.S.-India Project Agreement on
Experimental and Computational Studies of
Blast and Blunt Traumatic Brain Injury (TBI)
will achieve the major research goals planned
for Phase I of the effort in FY20. Through this
collaboration, researchers from both nations have
made significant scientific advancements in the
development of animal models, computational
models, and injury risk curves toward the goal of
understanding blast-induced and blunt impact
TBI in humans. Both the Office of the Secretary
of Defense and the Indian Defence Research
Development Organization are interested in
building upon the successes of this project by
initiating a new phase of the effort.
FY20 will be an important year for the DoD
Working Group (WG) on Computational
Modeling of Human Lethality, Injury, and
Impairment from Blast-Related Threats. BIRCO
will continue its leadership of this group to foster
collaboration with academia and industry to
understand the state of the science in human
body computational models used to predict
human lethality, injury, and impairment from
interaction with the blast hazard to return-toroutine across the taxonomy of blast-related
hazards. BIRCO will convene the sixth WG
meeting of the DoD and other governmental
agency representatives, and the WG will finalize
its Strategic Plan.
The Blast Injury Prevention Standards
Recommendations (BIPSR) Process is a
remarkable achievement for the DoD, as the
first inclusive, stakeholder-driven process,
incorporating feedback from broadly selected
subject matter experts, to generate scientifically
and medically valid and objective standards for
protecting Service members from blast injuries.
In FY20, BIRCO will continue to execute the
BIPSR Process for the Auditory Blast Injury Type
by facilitating the subject matter expert (SME)
Panel’s evaluation of Candidate Standards
and ultimately their development of a draft
recommendation. The conclusion of the BIPSR
Process for Auditory Blast Injury will be a
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Impact of Blast-Related Burn Injury: From Prolonged
Field Care to Rehabilitation and Resilience”
in March 2020. This meeting is expected to
address critical needs in burn care, including
epidemiology and outcomes of blast-related burn
injuries; burn care in prolonged field, acute fixed
facility, and chronic settings; and opportunities
to transform blast-related burn research. The
SoS meeting series has proven to be an essential
tool for canvassing the multidisciplinary research
community from government, industry, and
academia to share expertise and research at the
boundaries of current understanding and to make
recommendations for the best priorities and focus
areas for ongoing DoD blast injury research.

Photo credit: Desiree N. Palacios/U.S. Air Force

Consensus Building meeting with Stakeholders,
Candidate Standard Developers/Owners, and
government SMEs to allow for discussion and
further investigation of the recommended
actions. BIRCO will simultaneously shepherd
the BIPSR Process for the Dermal Burns Injury
Type by conducting SME interviews to ensure a
thorough understanding of the current state of
the science, then inviting DoD Stakeholders to
convene the Dermal Burns Focused Stakeholder
Committee to drive the activities and decisions of
the BIPSR Process. Once convened, the Focused
Stakeholders will identify intended uses and
requested functionalities for a Military Health
System Dermal Burns Blast Injury Prevention
Standard and issue a formal Request for
Information relating to potential injury prediction
and simulation standards.
BIRCO will sponsor the ninth International Stateof-the-Science (SoS) Meeting on “Mitigating the
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BIRCO will continue activity on the International
Forum on Blast Injury Countermeasures (IFBIC)
Organizing Committee, toward the next forum
scheduled for May 11–13, 2020 in Tokyo, Japan.
The forum will feature discussions of innovative
research on broad blast-injury-related topic areas:
blast injury epidemiology; environmental sensing
of blast wave hazards; primary blast injury;
secondary and tertiary blast injury; long-term
effects, cumulative effects, and chronic symptoms
due to blast exposure; prevention, mitigation, and
treatment of blast injuries; diagnostic measures
and biomarkers; computational modeling and
simulation of blast phenomena and blast injury;
and new technology and methods for blast injury
research and medicine. This international forum
enables the exchange of knowledge and expertise,
and the sharing of national experiences and
evidence-based approaches for blast injuries
toward the mutual advancement of care.

Coordination of Effort
The outstanding research results overviewed in
the Accomplishments chapter (Chapter 7) are
generated by talented and dedicated people
throughout the DoD and its partner agencies and
nations. As this Report has made clear, the blast
injury event, its buildup, and its consequences

Photo credit: Senior Airman Dymekre Allen/U.S. Air Force

can be understood through a myriad of
perspectives from different components of the
blast injury research community. To highlight
the breadth of the collective effort and illustrate
the need for coordination, consider a sampling
of investigations underway in the blast injury
research community:
•

Warfighters experience blast injuries in
training. Researchers across the DoD (such
as those at the Walter Reed Army Institute of
Research [WRAIR]; pg. 148) hypothesize that
occupational (low-level) blast exposure does
not result in acute neurological injury, but
cumulative exposure to blast overpressure,
as experienced in training, may be
responsible for neurological deficits. The
findings of this research will impact training
protocols in active-duty Service members,
thereby reducing injuries due to repeated
blasts in the training environment.

•

Cumulative exposure to blast, both in
training and over the course of deployment,
is under investigation as a potential source
of injury. Researchers at WRAIR, the
University of Maryland Medical School,
and the Naval Medical Research Center
(pg. 149) are working to identify the impact
of repeated blast exposure to vulnerable
organs such as the eyes, the lungs, and the
brain. Additionally, to further understand
tolerable thresholds of blast exposures,
researchers at WRAIR conducted a study
(pg. 148) to assess the auditory, visual,
and neurological impacts of repeated
low-level blast exposures in rats. This study
provides the groundwork for future research
identifying tolerable thresholds of blast
exposures.

•

Warfighters might sustain a TBI as a result of
a blast event. Researchers at the Northern
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California Institute for Research and Education
(pg. 163) are working to identify biomarkers
of TBI in the blood that can be correlated
with cognitive deficits and remain long after
the initial injury. Additionally, researchers
in the TBI Endpoints Development (TED)
Initiative (pg. 176) developed a software tool,
OSIRX CDE, to use computed tomography
and magnetic resonance imaging prognostic
biomarkers for mild to moderate TBI and
received qualification of the tool from the U.S.
Food and Drug Administration (FDA). This
qualification supports the use of neuroimaging
biomarkers for enrolling participants in clinical
trials. To address the long-term impacts of
TBI in Service members and Veterans, the
Chronic Effects of Neurotrauma Consortium,
centered at Virginia Commonwealth University
(pg. 177), seeks to understand the onset,
prevalence, and severity of the chronic effects
of mTBI, its comorbidities, and risk factors
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for long term TBI-related disease such as
neurodegeneration, cognitive decline, and
neurosensory dysfunction.
•

Hemorrhage is a leading cause of death
on the battlefield. The standard of care
for hemorrhage involves the use of blood
products with storage and preparation
requirements that preclude their use in
forward settings. To address this capability
gap, U.S. Army Medical Research and
Development Command (USAMRDC) has
supported research on the use of freeze-dried
plasma and in FY19, researchers submitted
the first part of the Biologics License
Application to the FDA (pg. 160). They plan
to submit the remainder of the application
in 2020, achieving a licensed freeze-dried
plasma product that can be used to care for
the Warfighter closer to the point of injury.

•

Warfighters might face long-term health
consequences as a result of their
injuries. Longitudinal research on the
long-term impact of blast injury on Service
member mental health, quality of life, and
readiness is being conducted at the Naval
Health Research Center (NHRC) in San
Diego, California (pg. 153). Additionally,
researchers at NHRC are developing a new
system to quantify blast exposure in Navy
Explosive Ordnance Disposal (pg. 153)
operators and will further characterize
dose-response associations between blast
exposure and multivariate health outcomes.
This blast exposure research will lead to
systematic blast exposure monitoring in
vulnerable military personnel.

•

As a consequence of severe blast
injuries, Warfighters may experience lifealtering disfigurements that negatively
impact their appearance, function, and
psychological well-being. Researchers
at the New York University School of
Medicine are investigating the feasibility
of a 3D modeling-focused virtual planning
approach for the inclusion of large pieces of
vascularized bone from donor craniofacial
skeletons during reconstructive surgical
procedures, with the dual aims of minimizing
immunosuppression regimens to prevent
transplant rejection and maximizing
functional and aesthetic outcomes (pg. 189).
The team has successfully completed two
facial transplants with excellent results
and plans to further refine their surgical
planning work to enhance both the physical
health and the quality of life of more Service
members.

•

Service members are often faced with
lengthy, if not lifelong, rehabilitation efforts
to regain function and mobility following
blast injuries. With collective input from

military medical centers (pg. 181), a highintensity sports medicine-based orthotic
and rehabilitation program combined with
the use of integrated Intrepid Dynamic
Exoskeletal Orthoses (IDEOs) has been
developed to improve lower limb recovery
and self-reported measures of satisfaction
with care. Ongoing expansion of this
protocol’s availability to all Service members
will impact its ability to be presented as a
useful option when weighing the decision
to either salvage or amputate traumaticallyinjured lower limbs. In the event that
limbs are amputated, a promising clinical
trial conducted at Walter Reed National
Military Medical Center (WRNMMC) and
Chicago’s Northwestern Memorial Hospital
has determined that targeted muscle
reinnervation (TMR) procedures can
significantly reduce both amputee limb pain
and phantom limb pain, regardless of limb
loss mechanism (pg. 185). TMR surgeries
can be performed either during the initial
amputation or during revisions and will
reshape standards of care for nerve injuries
and both pain management and prevention.
•

Successful limb salvage procedures for
Veterans have been performed at WRNMMC
with a novel surgical graft implant.
Humacyte, Inc. is conducting an ongoing
clinical trial to investigate the effects of the
implementation of Human Acellular Vessels
(HAVs), which are designed to be readily
available, infection-resistant alternatives
to standard blood vessel repair grafts,
which are contingent on both the presence
of healthy native vessels and specialized
surgeons to achieve the desired outcome
(pg. 192). Results from the HAV clinical trial
are intended to support submission of the
product for FDA approval, which will augment
current standards of care and prevent future
amputations for Service members.
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The Road Ahead
This office coordinates blast injury research
efforts by facilitating collaboration and the
sharing of knowledge among researchers.
Coordination is inherently a forwardlooking function. Rather than responding to
the exigencies of a narrowly defined research
problem or the particular circumstances of a
current conflict, BIRCO helps to shape efforts
toward the long-range goals of Public Law
109-163 Section 256, ensuring that all these
individual efforts are pulling together to enhance
the prevention, mitigation, and treatment of
blast injuries for the well-being of the American
Warfighter. As the DoD research community
recognizes the importance of this coordination

function to success on battlefields of the future,
BIRCO receives enthusiasm, participation,
and consultation from leaders throughout the
research community, even in the absence of
funding control or direct authority over their
offices.
Considering the costs borne by the American
Warfighter, forward motion toward the BIRCO
mission may seem unacceptably slow. It is
comforting, however, to consider progress in
blast injuries in civilian settings. Deaths due to
mine explosions declined more than a hundredfold over the twentieth century (Figure 8-1;
Centers for Disease Control and Prevention,
1999), from an average of 477 per year in

FIGURE 8-1: Five-year averages of annual number of deaths related to coal mine explosions in the United States, 1901-1995.
(Centers for Disease Control and Prevention, 1999)
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*

Each X represents the 5-year average of number of deaths resulting from explosions; the line is a smoothed regression through the 5-year averages.



Explosives and equipment that can be used in an explosive methane-rich environment without causing a methane explosion.

§

The process of applying a layer of rock dust over the coal dust, which creates an inert mixture and inhibits a coal dust explosion.

¶

Lamps worn on minors’ caps.

**

Ventilation improvements, including the use of reversible fans, reducing concentration of methane and removing explosive gas from the mine.



A hand-held monitor that provides instantaneous readings of the rock-to-coal dust mixture to ensure that it is inert.

§§

Techniques to remove methane from the coal bed before mining the coal.

¶¶

Explosion-proof walls used to seal abandoned (mined-out) areas to protect workers in active parts of the mine.
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1906–1910, to fewer than three per year in 1991–
1995. Employment in mining only dropped about
five- or six-fold between 1910 and 2000, so that is
a remarkable gain, but, as the chart shows, it was a
gain achieved in fits and starts as new ideas and new
technologies were rolled out over a century.
Warfighter blast injury is a vastly more complex
problem, with more sources of injury, a dynamically
changing threat environment, and enemies that can
adapt to countermeasures over time by developing
better-targeted or more lethal weapons. That the
DoD has been able to generate the powerful array of
technologies and innovations featured in this Report
in the 13 years since the creation of the EA is a
remarkable testament to the talent and dedication of
its medical and non-medical research community.
Blast injury will be a looming danger as long as we
deploy Service members to combat zones, and
the ever-evolving battlefield demands constant
and thoughtful coordination of research assets.
Congress anticipated this need in Section 256 of
Public Law 109-163, where the very first enumerated
responsibility of the EA is planning: anticipating
the future threat. BIRCO’s vision, “To establish

and maintain a fully coordinated DoD blast injury
research program as envisioned by Congress
and directed by the Secretary of Defense, that
delivers timely and effective blast injury prevention,
mitigation, and treatment strategies to our Service
members today and in the future,” recognizes that
ongoing need. The researchers and programs
featured in this Report are at the forefront of
addressing blast injuries. The deep expertise
and commitment to innovation reflected in those
accomplishments should inspire confidence among
Service members, their Families, and the Nation that
the DoD is working tirelessly to protect our warriors
from the threat of blast injury and to support the
injured through their treatment, recovery, and return
to productive and happy lives. BIRCO will continue to
fortify the mission of the EA by coordinating medical
and non-medical research that advances these
goals and forms the foundation of the programs and
products that treat, mitigate, and prevent blast injury.
By encouraging collegiality and coordination among
these remarkable researchers, BIRCO will ensure that
their efforts will make lasting contributions to the
mission, the Nation, and its Service members today,
tomorrow, and beyond.
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A

AAVS
AC
ACS
ACV
AE
AE
AENC
AFB
AFFD
AFIRM
AFRL
AIC
AIS
AIS
AL
ANOR
aOR
APD
APHC
ARDEC

ARL
ASA
ASA(ALT)

ASBREM

ASC
ASC-CCM

ASD
ASD(HA)
ASD(R&E)
ATAK

Aurally Aided Visual Search
Armament Center
Acute Compartment Syndrome
Armored Combat Vehicle
Above Elbow
Aeromedical Evacuation
Acute Effects of Neurotrauma
Consortium
Air Force Base
Auditory Fitness for Duty
Armed Forces Institute of
Regenerative Medicine
Air Force Research
Laboratory
Akaike Information Criterion
American Spinal Injury
Association Impairment Scale
Abbreviated Injury Scale
Auditory Localization
Allowable Number of Rounds
Adjusted Odds Ratio
Auditory Processing Deficits
Army Public Health Center
U.S. Army Armament Research,
Development, and Engineering
Center
Army Research Laboratory
Assistant Secretary of the Army
Assistant Secretary of the Army
for Acquisition, Logistics, and
Technology
Armed Services Biomedical
Research, Evaluation, and
Management
Adipose Stem/Stromal Cells
Concentrated Conditioned Media
from Adipose Tissue-Derived
Mesenchymal Stem Cells
Assistant Secretary of Defense
Assistant Secretary of Defense
for Health Affairs
Assistant Secretary of Defense
for Research and Engineering
Android Tactical Assault Kit

ATD
AUC
AVT
AuNCs
Aβ
A β 42

B

BAD
BAMC
BBB
BE
BEMO
BESS
BFC
BHSAI	

BIC
BIPSR
BIRCO
BFC
BLA
BOP
BOP-HHA
BSM
bTBI	
BTD

C

C57BL/6
CAP
CAPDEVs
CARE
CAREN
CAVRN
CB2

Anthropomorphic Test Device
Area Under the Curve
Applied Vehicle Technology
Gold Nanoclusters
Amyloid Beta
Amyloid-Beta 42

Blast Attenuating Device
Brooke Army Medical Center
Blood-Brain Barrier
Below Elbow
Blast Exposure Monitoring
Blast Exposure Surveillance
System
Brain Fitness Center
Biotechnology High Performance
Computing Software
Applications Institute
Bayesian Information Criterion
Blast Injury Prevention
Standards Recommendation
Blast Injury Research
Coordinating Office
Brain Fitness Center
Biologics License Application
Blast Overpressure
Blast Overpressure-Health
Hazard Assessment
Brier Score Metric
Blast-induced Traumatic Brain
Injury
Blast Test Device

C57 Black 6
Consortium to Alleviate PTSD
Capability Developers
Concussion Assessment,
Research, and Education
Computer Assisted Rehabilitation
Environment
Collaborative Auditory &
Vestibular Research Network
Cannabinoid Type-2 Receptor
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CBT
CCCRP
CCDC
CDMRP
CENC
CES
CHIMERA

CI	
CI	
cm
CNRM
CNS
COA
CoE
COI	
CONUS
CoP
COTS
CPAP
CPMRP
CRMRP
CRRP
CRSR
CSF
CSO
CT
CVD
CYP

Cognitive Behavioral Therapy
Combat Casualty Care
Research Program
Combat Capabilities
Development Command
Congressionally Directed
Medical Research Programs
Chronic Effects of Neurotrauma
Consortium
Cranial Electrical Stimulation
Closed-Head-Impact Model
of Engineered Rotational
Acceleration
Confidence Interval
Cognitive Impairment
Centimeter
Center for Neuroscience and
Regenerative Medicine
Central Nervous System
Clinical Outcome Assessment
Center of Excellence
Community of Interest
Contiguous United States
Soldier Ballistics and Blast
Community of Practice
Commercial Off-the-Shelf
Continuous Positive Airway
Pressure
Chronic Pain Management
Research Program
Clinical and Rehabilitative
Medicine Research Program
Combat Readiness–Medical
Research Program
Center for Rehabilitation
Sciences Research
Cerebrospinal Fluid
Collaboration Supporting Office
Computed Tomography
Cardiovascular Disease
Cytochrome P450

D

DAC
DA-PAM
DARPA
DASD (HRP&O)

DDESB
DDR&E
DEGs
DH
DHA
DHA R&D
DHP
DHS
DIPR
DIPY
DKTI	
DLPFC
DMRDP
DMSCO
DoD
DoDD
DOEHRS-HC

DRDO
DTI	
DTRA
DTTI	
DVBIC
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Data and Analysis Center
Department of Army Pamphlet
Defense Advanced Research
Projects Agency
Officer of the Deputy Assistant
Secretary of Defense for Health
Readiness Policy and Oversight
DoD Explosives Safety Board
Director of Defense Research and
Engineering
Differentially Expressed Genes
Disc Height
Defense Health Agency
Defense Health Agency
Research and Development
Defense Health Program
Department of Homeland
Security
Defence Institute of
Psychological Research
Dipyridamole
Diffusion Kurtosis Tensor
Imaging
Dorsolateral Prefrontal Cortex
Defense Medical Research and
Development Program
Defense Modeling and
Simulation Coordination Office
Department of Defense
Department of Defense Directive
Defense Occupational and
Environmental Health Readiness
System used for the DoD Hearing
Conservation Program
Defence Research and
Development Organization
Diffusion Tensor Imaging
Defense Threat Reduction
Agency
Defense Trade and
Technology Initiative
Defense and Veterans Brain
Injury Center

E

EA
ED
ELISA
EM
EMED
ENIGMA
EOD
ER
ERG
ERP
ES
ESiT
EVAC

F

FA
FAA
FATS
FBCH
FBI	
FDA
FDP
FE
FedBizOpps
FFP
FFRDC
FH
FITBIR
FSE
FST
FVL
FY

G

GFAP
GLP
GO

GOSE
Executive Agent
Emergency Department
Enzyme-linked Immunosorbent
Assay
Eye Movement
Expeditionary Medical
Encounter Database
Enhancing Neuroimaging
Genetics through Meta-Analysis
Explosive Ordnance Disposal
Emergency Room
Electroretinography
Epilepsy Research Program
Environmental Sensors
Environmental Sensors in Training
Endovascular Variable Aortic
Control

Facet Angle
Federal Aviation Administration
Firearms Training Simulator
Fort Belvoir Community Hospital
Federal Bureau of Investigation
U.S. Food and Drug
Administration
Freeze-dried Plasma
Finite Element
Federal Business Opportunities
Fresh Frozen Plasma
Federally Funded Research and
Development Center
Facet Articular Processes Height
Federal Interagency Traumatic
Brain Injury Research
Functional Status Exam
Forward Surgical Teams
Future Vertical Lift
Fiscal Year

Glial Fibrillary Acidic Protein
Good Laboratory Practice
Gene Ontology

GUI	

H

HA
HADS
HADS-A
HADS-D
HAV
HCE
HDL
HExCAT
HFM
HHA
HHAR
HHS
HDIAC
hNSCs
HP
HPA
HRQOL
HRRP
HS

Glasgow Outcome
Scale-Extended
Graphical User Interface

Health Affairs
Hospital Anxiety and Depression
Scale
Hospital Anxiety and Depression
Scale - Anxiety
Hospital Anxiety and Depression
Scale - Depression
Human Acellular Vessel
Hearing Center of Excellence
High-Density Lipoprotein
Homeland Explosives
Consequence and Threat
Human Factors and Medicine
Health Hazard Assessment
Health Hazard Assessment
Report
Department of Health and Human
Services
Homeland Defense and Security
Information Analysis Center
Human Neural Stem Cells
Hazard Probability
Hypothalamic-Pituitary-Adrenal
Health-Related Quality of Life
Hearing Restoration Research
Program
Hazard Severity

I

IA	Invasive Aspergillosis
IARCs	Injury Assessment Reference
Curves
iBIPSR	Interactive Blast
Injury Prevention
Standards Recommendation
ICD	International Classification of
Diseases
ICP	Intracranial Pressure
ICU	Intensive Care Unit
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ICT-rTMS	Individual Connectome-Targeted
Repetitive Transcranial Magnetic
Stimulation
IDEO	Intrepid Dynamic Exoskeleton
Orthosis
IED	Improvised Explosive Device
IExTRAWG	Inter-Agency Explosive Terrorism
Risk Assessment Working Group
IFBIC	International Forum on Blast
Injury Countermeasures
IFHF	Intrepid Fallen Heroes Fund
IL	Interleukin
ILER	Individual Longitudinal Exposure
Records
IL-1	Interleukin-1
IL-6	Interleukin-6
IL-10	Interleukin-10
IL-1α
Interleukin-1 alpha
IL-1β
Interleukin-1 beta
IMP	Intramuscular Pressure
IMU	Inertial Measurement Units
IND	Investigational New Drug
INMAS	Institute of Nuclear Medicine
and Allied Sciences
InTBIR	International Initiative for
Traumatic Brain Injury Research
IOP	Intensive Outpatient Program
IPRs	In-Progress Reviews
IPT	Integrated Product Team
IQR	Interquartile Range
IRC	Injury Risk Curve
ISC	Intrepid Spirit Centers
ISS	Injury Severity Score
IST	Information Systems Technology
ITON	Indirect Traumatic Optic
Neuropathy
IV&V	Independent Verification &
Validation

J

JIDA
JIEDDO
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Joint Improvised-Threat Defeat
Agency
Joint Improvised Explosive
Devices Defeat Organization
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JIF
JNLWD
JNLWP
JPC
JPEO-CBRND

JSDF
JTAPIC
JTG
JUFBI	
JWMRP

K

kg
KIA
kPa

L

LATBI IPT

LCS
LDL
LE
LGHAs
LITES
LIMBIC-CENC

LOI	
LPA
LS
LSI	

Jaycor Information Format
Joint Non-Lethal Weapons
Directorate
Joint Non-Lethal Weapons
Program
Joint Program Committee
Joint Program Executive
Office for Chemical, Biological,
Radiological, and Nuclear
Defense
Japan Self-Defense Forces
Joint Trauma Analysis and
Prevention of Injury in Combat
Joint Technology Group
Japan-U.S. Technical Information
Exchange Forum
Joint Warfighter Medical
Research Program

Kilogram
Killed in Action
Kilopascal

Laboratory Assay for Traumatic
Brain Injury Integrated Product
Team
Longitudinal Cohort Study
Low-Density Lipoprotein
Lower Extremity
Low-Gain Hearing Aids
Linking Investigations in Trauma
and Emergency Services
The Long-Term Impact of
Military-Relevant Brain Injury
Consortium-CENC
Line Of Inquiry
Lysophosphatidic Acid
Land Systems
Life-Saving Intervention

M

M&S
MAAWS

Modeling and Simulation
Multipurpose Anti-armor
Anti-personnel Weapon System
MACS
Modular Artillery Charge
System
MAP
Mean Arterial Pressure
MATDEVs
Materiel Developers
MAUT
Multi-Attribute Utility Theory
MBRP
Military Burn Research Program
MCDAPO
Marine Corps Directorate
of Analytics & Performance
Optimization
MDDT
Medical Device Development
Tools
MEDCOM
U.S. Army Medical Command
MEG
Magnetoencephalography
METRC
Major Extremity Trauma
Research Consortium
MI	Myo-inositol
µl
Microliter
mg
Milligrams
MHS
Military Health System
MHSRS
Military Health System
Research Symposium
MICs
Minimal Inhibitory
Concentrations
MIDRP
Military Infectious Disease
Research Program
MIL-HDBK
Military Handbook
MIL-STD
Military Standard
MMP3
Matrix Metalloproteinase 3
MNI	
Montreal Neurological Institute
MOMRP
Military Operational Medicine
Research Program
MOS
Military Occupational Specialty
MRI	
Magnetic Resonance Imaging
MRSA
Methicillin-resistant
Staphylococcus Aureus
mTBI	
Mild Traumatic Brain Injury
MTEC
Medical Technology Enterprise
Consortium
MTFs
Military Treatment Facilities

N

NASA
NATO
NAVAIR
NCAA
NCD
NDAA
NDE
NDMC
NETP
NFH
NFL
NHRC
NHT
NHTSA
NICoE
NIH
NIHL
NINAD
NINDS

NIRS
NJIT
NMCSD
NMRC
NMSG
NO AMP
NOX

National Aeronautics and Space
Administration
North Atlantic Treaty
Organization
Naval Air Systems Command
National Collegiate
Athletic Association
Neurocognitive Disorder
National Defense
Authorization Act
Neuron-Derived Exosome
National Defense Medical
College
Neurotoxin Exposure Treatment
Parkinson’s
Neurofilament Heavy Chain
National Football League
Naval Health Research Center
Normal-to-Near Normal Hearing
Thresholds
National Highway Traffic Safety
Administration
National Intrepid Center
of Excellence
National Institutes of Health
Noise-Induced Hearing Loss
Non-Invasive NeuroAssessment
Device
National Institute of
Neurological Disorders and
Stroke
Near-Infrared Spectroscopy
New Jersey Institute
of Technology
Naval Medical Center, San
Diego
Naval Medical Research Center
NATO Modeling and Simulation
Group
Without Amputation
Nicotinamide Adenine
Dinucleotide Phosphate
Oxidase
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NOX1

NOX2

NRAP
NRL
NS
NSAB
NSF
NSMRL
NSWC
NSWC CD
NSWC IHD
NUWC

O

OA
OASD(HA)

OCONUS
OD
OEF
OIF
ON
OND
ONR
OP
OPORP
OPR
OPUS
OR
OS
OSD
OT
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Nicotinamide Adenine
Dinucleotide Phosphate Oxidase
1
Nicotinamide Adenine
Dinucleotide Phosphate Oxidase
2
National Research Action Plan
Naval Research Laboratory
Not Significant
Naval Support Activity Bethesda
National Science Foundation
Naval Submarine Medical
Research Laboratory
Naval Surface Warfare Center
Naval Surface Warfare Center,
Carderock Division
Naval Surface Warfare Center,
Indian Head Division
Naval Undersea Warfare Center,
Newport

OTA
OTS

P

PACS
PACU
PCS
PDH
PEO
PET
Pf
PGC-1α

PH
PI	
PMHS
pNFH
POC
pOTA

Osteoarthritis
The Office of the Assistant
Secretary of Defense for Health
Affairs
Outside the Contiguous United
States
Oculus Dexter
Operation Enduring Freedom
Operation Iraqi Freedom
Optic Nerve
Operation New Dawn
Office of Naval Research
Outpatient
Orthotics and Prosthetics
Outcomes Research Program
Office of Primary Responsibility
Orthotics and Prosthetics Users’
Survey
Odds Ratio
Oculus Sinister
Office of the Secretary
of Defense
Occupational Therapy
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PPE
PPP
PRARP
PRIORITI-MTF

PRMRP
PRORP
PrPc
PRx
psi
PTOA
PTH
PTS
PTSD
PTSD-DT

Other Transaction Authority
Ocular Trauma Score

Predicting Acute Compartment
Syndrome
Post-Anesthesia Recovery Unit
Post-concussive Syndrome
Pyruvate Dehydrogenase
Program Executive Office
Positron Emission Tomography
Pirfenidone
Peroxisome ProliferatorActivated Receptor-γ
Coactivator
Psychological Health
Principal Investigator
Post-Mortem Human Subjects
Phosphorylation of Nerofilament
Heavy Chain
Point of Contact
Prototype Other Transaction
Agreement
Personal Protective Equipment
Public Private Partnerships
Peer Reviewed Alzheimer’s
Research Program
Patient Response to an
Integrated Orthotic and
Rehabilitation Initiative for
Traumatic Injuries at Military
Treatment Facilities
Peer Reviewed Medical
Research Program
Peer Reviewed Orthopedic
Research Program
Cellular Prion Protein
Pressure Reactivity Index
Pounds Per Square Inch
Post-traumatic Osteoarthritis
Post-traumatic Headache
Post-traumatic Stress
Post-traumatic Stress Disorder
Post-traumatic Stress Disorder
Drug Treatment

Q

qEEG
QSM
QWB-SA

R

R&A
R&D
R&E
RAC
RDT&E
REBOA
RFI	
RGC
RMTK
ROC
ROI	
rs-fMRI	
RTD
RR
RTG
RTR
RTR PT

S

S&T
SAS
SBIR
SCI	
SCI	
SCIRP
SDTP
SECARMY
SECDEF

SET
Quantitative
Electroelcephalography
Quantitative Susceptibility
Mapping
Quality of
Well-Being-Self-Administered

Review & Analysis
Research & Development
Research & Engineering
Risk Assessment Code
Research, Development, Test &
Evalulation
Resuscitative Endovascular
Balloon Occlusion of the Aorta
Request for Information
Retinal Ganglion Cell
Range Manager ToolKit
Receiver Operating
Characteristic
Region of Interest
Resting-State Functional
Magnetic Resonance Imaging
Return to Duty
Relative Risk
Research Task Group
Reconstructive Transplant
Research
Return to Run Physical Therapy

Science and Technology
System Analysis and Studies
Small Business Innovation
Research
Spinal Cord Injury
Systems Concepts and
Integration
Spinal Cord Injury Research
Program
Service Dog Training Program
Secretary of the Army
Secretary of Defense

SF-36
SME
SOF AT&L

SoS
SOS
SOHA
STAT3
STO
STTR
STRONG STAR

SWI	

T

T&E
TA
TARDEC

TAK
TAV
TBI	
TBRL
TBIDT IPT

TED
TG
TG
TGFb-1
TIP

Sensors and Electronics
Technology
36-Item Short Form Health
Survey
Subject Matter Expert
Special Operations Forces
Acquisition, Technology, and
Logistics
State-of-the-Science
Smart Oxygenation System
Soldier Occupational Health
Assessment
Signal Transducer and Activator
of Transcription 3
Science and Technology
Organization
Small Business Technology
Transfer
South Texas Research
Organizational Network
Guiding Studies on Trauma and
Resilience
Susceptibility Weighted Imaging

Test and Evaluation
Trunk Angle
U.S. Army Tank Automotive
Research Development and
Engineering Center
Tactical Assault Kit
Trunk Angular Velocity
Traumatic Brain Injury
Terminal Ballistic Research
Laboratory
Traumatic Brain Injury Drug
Treatment Integrated Product
Team
Traumatic Brain Injury
Endpoints Development
Technical Guide
Triglyceride
Transcription Growth Factor
Beta 1
Technical Information Paper
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TM
TMR
TMS
TNF-α
TOP
TRACK-TBI	

TRACK-TBI NET

TSCI	
TSG
TSG-6
TSWG
TT

U

UCH-L1
U.S.
USAARL
USACE
USAISR
USAMMDA
USAMRDC
USAMRMC
USAPHC
USCENTCOM
USD(AT&L)

USD(P&R)
USMC
USSOCOM
USU
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Tympanic Membrane
Targeted Muscle Reinnervation
Transcranial Magnetic
Stimulation
Tumor Necrosis Factor Alpha
Test Operations Procedure
Transforming Research and
Clinical Knowledge in Traumatic
Brain Injury
Transforming Research and
Clinical Knowledge for Traumatic
Brain Injury Network
Traumatic Spinal Cord Injury
The Surgeon General of the U.S.
Army
TNFα-Stimulated Gene-6
Technical Support Working Group
Technical Team

USUHS
UVA

V

VA
VCA
VCE
VD
VD
VOVS
VPA
VR
VRP

W

WAMC
WBH PMO
Ubiquitin Carboxy-Terminal
Hydrolase
United States
U.S. Army Aeromedical Research
Laboratory
U.S. Army Corps of Engineers
U.S. Army Institute of Surgical
Research
U.S. Army Medical Materiel
Development Activity
U.S. Army Medical Research and
Development Command
U.S. Army Medical Research and
Materiel Command
U.S. Army Public Health Center
United States Central Command
Under Secretary of Defense
for Acquisition, Technology,
and Logistics
Under Secretary of Defense for
Personnel and Readiness
U.S. Marine Corps
U.S. Special
Operations Command
Uniformed Services University
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Weff
WG
WIA
WIAMan
WII	
WMRD
WRAIR
WRAMC
WRNMMC
WROTD
WWRP

Uniformed Services University of
the Health Sciences
University of Virginia

U.S. Department of Veterans
Affairs
Vascularized Composite
Allotransplantation
Vision Center of Excellence
Vertebral Body Depth
Visual Discrimination
Visual-Only Visual Search Task
Valproic Acid
Virtual Reality
Vision Research Program

Womack Army Medical Center
Warfighter Brain Health Project
Management Office
Effective Normalized Work Done
On Lung
Working Group
Wounded in Action
Warrior Injury
Assessment Manikin
Wounded, Ill, and Injured
Weapons and Materials
Research Directorate
Walter Reed Army Institute
of Research
Walter Reed Army Medical
Center
Walter Reed National Military
Medical Center
Walter Reed Ocular Trauma
Database
Wounded Warrior
Recovery Project

X

xAAPS

OTHER
3D
3MDR

3T MRI
5HTTLPR

Expanded Automatic
Assessment of Postural
Stability

Three Dimensional
Multi-Modular Memory
Desensitization and
Reconsolidation
3-Tesla Magnetic Resonance
Imaging
Serotonin Transporter Gene
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Department of Defense

DIRECTIVE

NUMBER 6025.21E

July 5, 2006

USD(AT&L)

SUBJECT: Medical Research for Prevention, Mitigation, and Treatment of Blast Injuries
References:

(a) Section 256 of Public Law 109-163, “National Defense Authorization Act for
Fiscal Year 2006” 1
(b) DoD Directive 5101.1, “DoD Executive Agent,” September 3, 2002
(c) DoD Directive 5134.3, “Director of Defense Research and Engineering
(DDR&E),”November 3, 2003
(d) DoD Directive 5025.1, “DoD Directives System,” March 2005
(e) through (g), see Enclosure 1

1. PURPOSE
This Directive:
1.1. Implements Reference (a) by establishing policy and assigning responsibilities governing
coordination and management of medical research efforts and DoD programs related to prevention,
mitigation, and treatment of blast injuries.
1.2. Designates the Secretary of the Army, in compliance with Reference (a) and consistent
with Reference (b), as the DoD Executive Agent (DoD EA) for Medical Research for Prevention,
Mitigation, and Treatment of Blast Injuries according to Reference (b).
1.3. Establishes the Armed Services Biomedical Research Evaluation and Management
(ASBREM) Committee. The ASBREM Committee serves to facilitate coordination and prevent
unnecessary duplication of effort within DoD biomedical research and development and associated
enabling research areas, to include serving as the forum for implementation of subsections (d) and
(g) of Reference (a).
1 Federal legislative information is available through the Library of Congress THOMAS site, http://thomas.
loc.gov. DoDD 6025.21E, July 5, 2006

Photo credit (opposite page): Spc. Evangelia Grigiss/U.S. Army
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2. APPLICABILITY
This Directive applies to:
2.1. The Office of the Secretary of Defense, the Military Departments, the Chairman of
the Joint Chiefs of Staff, the Combatant Commands, the Office of the Inspector General of
the Department of Defense, the Defense Agencies, the DoD Field Activities, and all other
organizational entities in the Department of Defense (hereafter collectively referred to as the “DoD
Components”).
2.2. Medical and associated enabling research supported by any DoD Component for
prevention, mitigation, and treatment of blast injuries.
3. DEFINITIONS
As used in this Directive, the following terms are defined as follows:
3.1. Blast Injury. Injury that occurs as the result of the detonation of high explosives, including
vehicle-borne and person-borne explosive devices, rocket-propelled grenades, and improvised
explosive devices. The blast injury taxonomy is provided at Enclosure 2.
3.2. Research. Any systematic investigation, including research, development, testing, and
evaluation (RDT&E), designed to develop or contribute to general knowledge.
4. POLICY
It is DoD policy that:
4.1. DoD research related to blast injury prevention, mitigation, and treatment will be
coordinated and managed by a DoD EA to meet the requirements, objectives, and standards of
the DoD Military Health System as identified by the Under Secretary of Defense for Personnel
and Readiness (USD(P&R)) and the unique combat casualty care requirements of the DoD
Components.
4.2. Relevant research shall take maximum advantage of the scientific and technical
capabilities of industry, academia, DoD Components, and other Federal Agencies.
4.3. The ASBREM Committee will be the venue for joint and cross-Service coordination
specified by Reference (a).
4.4. DoD Components will gather and share medical information related to the efficacy of
personal protective equipment and of vehicular equipment designed to protect against blast injury.
5. RESPONSIBILITIES AND FUNCTIONS
5.1. The Director of Defense Research and Engineering (DDR&E), under the Under Secretary
of Defense for Acquisition, Technology and Logistics, according to DoD Directive 5134.3
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(Reference (c)), shall:
5.1.1. Plan, program, and execute the functions and reports mandated for the DDR&E by
Reference (a).
5.1.2. Have the authority to publish DoD Issuances consistent with Reference (d) for
implementation of this Directive.
5.1.3. Establish, as needed, procedures to ensure that new technology developed under this
Directive is effectively transitioned and integrated into systems and subsystems and transferred to
and firmly under the control of the DoD Components.
5.1.4. Chair the ASBREM Committee to coordinate DoD biomedical research (see
Enclosure 3 for additional detail), and employ that entity to facilitate the DoD EA’s coordination
and oversight of blast-injury research as specified in Reference (a).
5.1.5. Serve as the final approving authority for DoD blast-injury research programs.
5.1.6. Oversee the functions of the DoD EA and conduct/report on related periodic
assessments (per Reference (a)).
5.2. The Assistant Secretary of Defense for Health Affairs (ASD(HA)), under the USD(P&R),
shall:
5.2.1. Assist the DDR&E, the DoD EA, and the Director, Joint Improvised Explosive
Devices Defeat Organization (JIEDDO), with identification of related operational and research
needs, assessment of relevant research efforts, and coordination of planning to resolve capability
gaps through focused research efforts.
5.2.2. Be the approving authority for Military Health System prevention and treatment
standards developed and proposed by the DoD EA.
5.2.3. Appoint appropriate representatives to related coordinating boards or committees
established by the DoD EA.
5.2.4. Ensure that the information systems capabilities of the Military Health System
support the DoD EA and the functions specified by this Directive.
detail.)

5.2.5. Serve as Co-chair of the ASBREM Committee. (See Enclosure 3 for additional

5.3. The Secretary of the Army is hereby designated as the DoD EA for Medical Research for
Prevention, Mitigation, and Treatment of Blast Injuries, consistent with Reference (a), to coordinate
and manage relevant DoD research efforts and programs, and in that role shall:
5.3.1. Give full consideration to the Research and Engineering (R&E) needs of the DoD
Components and the Director, JIEDDO, addressing those needs/requirements by:
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5.3.1.1. Maintaining a DoD technology base for medical research related to blast
injuries and based on the DDR&E-approved program for the DoD Components.
5.3.1.2. Performing programming and budgeting actions for all blast-injury research to
maintain the R&E programs based on DDR&E-approved priorities of the DoD Components.
5.3.1.3. Programming and budgeting for blast-injury research based on analysis and
prioritization of needs of the DoD Components, consistent with paragraph 5.1 of this Directive.
5.3.1.4. Executing the approved DoD blast-injury research program consistent with
DoD guidance and availability of annual congressional appropriations.
5.3.2. Provide medical recommendations with regard to blast-injury prevention, mitigation,
and treatment standards to be approved by the ASD(HA).
5.3.3. Coordinate DoD blast-injury-research issues with the staffs of the DDR&E, the
ASD(HA), and the Director, JIEDDO.
5.3.4. Support the development, maintenance, and usage of a joint database for collection,
analysis, and sharing of information gathered or developed by the DoD Components related to the
efficacy of theater personal protective equipment (including body armor, helmets, and eyewear)
and vehicular equipment designed to protect against blast injury.
5.3.5. Appoint a medical general or flag officer representative to the ASBREM Committee.
5.3.6. Ensure that information is shared as broadly as possible except where limited by
law, policy, or security classification and that data assets produced as a result of the assigned
responsibilities are visible, accessible, and understandable to the rest of the Department as
appropriate and in accordance with Reference (e).
5.4. The Secretaries of the Navy and the Air Force shall:
5.4.1. Forward their respective approved blast-injury medical R&E requirements to the
DoD EA for consideration and integration.
5.4.2. Appoint medical general or flag officer representatives to the ASBREM Committee
and appoint representatives to any other coordination, oversight, or assessment board established
by DDR&E or the DoD EA.
5.4.3. Coordinate with other DoD Components on the assignment of Joint Technical Staff
Officers to Army medical research entities, research and acquisition organizations, or installations
for coordination of research programming and execution needs pertaining to their Component.
5.4.4. Provide an appropriate system for identification, verification, prioritization, and
headquarters-level approval of their respective blast-injury R&E requirements before submission to
the DoD EA.

232

A PPENDIX C: DODD 6025.21E

5.5. The President of the Uniformed Services University of the Health Sciences (USUHS),
under the ASD(HA) and USD(P&R), shall:
5.5.1. Ensure that education relating to blast-injury prevention, mitigation, and treatment is
included in the USUHS medical and continuing education curriculum and programs.
5.5.2. Appoint a representative to any coordination, oversight, or assessment board
established by DDR&E or the DoD EA.
5.6. The Chairman of the Joint Chiefs of Staff shall:
5.6.1. Coordinate input to the DoD EA and ensure integration of the requirements processes
of the Joint Capabilities Integration and Development System 2 with the processes employed under
this Directive.
5.6.2. Appoint a relevant senior representative to the ASBREM Committee.
5.6.3. Appoint representatives to organizational entities of the ASBREM Committee and to
any other coordination, oversight, or assessment board established by DDR&E or the DoD EA.
5.7. The Commander, US Special Operations Command shall establish procedures and
processes for coordination of relevant Defense Major Force Program 11 activities with those
planned, programmed, and executed by the DoD EA and shall also:
5.7.1. Forward that command’s approved blast-injury R&E requirements for consideration
and integration to the DoD EA.
5.7.2. Appoint representatives to organizational entities of the ASBREM Committee, as
appropriate, and to any other coordination, oversight, or assessment board established by DDR&E
or the DoD EA.
5.7.3. Coordinate with the command on the assignment of Joint Technical Staff Officers
to Army medical research entities, research and acquisition organizations, or installations for
coordination of research programming and execution needs.
5.7.4. Provide an appropriate system for identification, verification, and headquarters-level
approval of that command’s blast-injury R&E requirements before submission to the DoD EA.
5.8. The Director, JIEDDO, consistent with Reference (f), shall:
5.8.1. Support development, maintenance, and usage of a joint database for collection,
analysis, and sharing of information gathered or developed by DoD Components related to the
efficacy of theater personal protective equipment (e.g., body armor, helmets, and eyewear) and
vehicular equipment designed to protect against blast-injury.

2 8CJCSI 3170.01E, “Joint Capabilities Integration and Development System,” May 11, 2005, is available at
http://.dtic.mil/cjcs_directives/cjcs/instructions.htm.
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5.8.2. Appoint representatives to organizational entities of the ASBREM Committee, as
appropriate, and to any other coordination, oversight, or assessment board established by DDR&E
or the DoD EA.
5.8.3. Assist the DoD EA, the DDR&E, and the ASD(HA) with identification of related
operational and research needs, assessment of relevant research efforts, and coordination of
planning to resolve capability gaps through focused research efforts.
6. AUTHORITY
The DoD EA identified by this Directive is hereby delegated authority to do the following:
6.1. Obtain reports and information, consistent with the policies and criteria of DoD Directive
8910.1 (Reference (g)), as necessary, to carry out assigned responsibilities and functions.
6.2. Communicate directly with the Heads of the DoD Components, as necessary, to
carry out assigned functions, including the transmission of requests for advice and assistance.
Communications to the Military Departments shall be transmitted through the Secretaries of the
Military Departments, their designees, or as otherwise provided in law or directed by the Secretary
of Defense in other DoD issuances. Communications to the Commanders of the Combatant
Commands shall normally be transmitted through the Chairman of the Joint Chiefs of Staff.
6.3. Communicate with other Federal Agencies, representatives of the Legislative Branch,
members of the public, and representatives of foreign governments, as appropriate, in carrying out
assigned responsibilities and functions. Communications with representatives of the Legislative
Branch shall be coordinated with the Assistant Secretary of Defense for Legislative Affairs and
the Under Secretary of Defense (Comptroller)/Chief Financial Officer, as appropriate, and be
consistent with the DoD Legislative Program.
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7. EFFECTIVE DATE
This Directive is effective immediately.
E1. ENCLOSURE 1
REFERENCES, continued
(e) DoD Directive 8320.2, “Data Sharing in a Net-Centric Department of Defense,” December 2,
2004
(f) DoD Directive 2000.19E, “Joint Improved Explosive Device Defeat Organization (JIEDDO),”
February 14, 2006
(g) DoD Directive 8910.1, “Management and Control of Information Requirements,” June 11, 1993

E2. ENCLOSURE 2
TAXONOMY OF INJURIES FROM EXPLOSIVE DEVICES
E2.1.1. Primary. Blast overpressure injury resulting in direct tissue damage from the shock wave
coupling into the body.
E2.1.2. Secondary. Injury produced by primary fragments originating from the exploding device
(preformed and natural (unformed) casing fragments, and other projectiles deliberately introduced
into the device to enhance the fragment threat); and secondary fragments, which are projectiles
from the environment (debris, vehicular metal, etc.).
E2.1.3. Tertiary. Displacement of the body or part of body by the blast overpressure causing
acceleration/deceleration to the body or its parts, which may subsequently strike hard objects
causing typical blunt injury (translational injury), avulsion (separation) of limbs, stripping of soft
tissues, skin speckling with explosive product residue and building structural collapse with crush
and blunt injuries, and crush syndrome development.
E2.1.4. Quaternary. Other “explosive products” effects—heat (radiant and convective), and toxic,
toxidromes from fuel, metals, etc.—causing burn and inhalation injury.
E2.1.5. Quinary. Clinical consequences of “post detonation environmental contaminants” including
bacteria (deliberate and commensal, with or without sepsis), radiation (dirty bombs), tissue
reactions to fuel, metals, etc.
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TABLE D-1: FY19 CDMRP Research Programs with Blast Injury-related Research Activities
CDMRP Research Program

Program Focus
The CPMRP funds research efforts focused on the prevention, and improved
management, of chronic pain in Service members, Veterans, and the American public. The
CPMRP places specific emphasis on the utilization of non-opioid interventions to combat
persistent and recurrent pain.
Example focus areas relevant to blast injury:

Chronic Pain Management
Research Program (CPMRP)

• Chronification of pain (i.e., the transition of acute pain to chronic pain)
• Development of novel non-µ-opioid receptor-targeted therapies for the treatment of chronic
pain
• Implementation Science (for evidence-based, efficacious interventions to manage chronic
pain)
• Comparative Effectiveness (for evidence-based, efficacious interventions to manage chronic
pain)

The CRRP funds research relating to development of military-relevant advanced
technology and therapeutic research related to forward-deployable solutions that
can promptly address life threatening injuries, medical threats, and treatments for
Warfighters in current and future battlefield settings.
Example focus areas relevant to blast injury:
• Multiple-use scalable wound care solutions

Combat Readiness Medical
Research Program (CRRP)

• Solutions that address hemorrhage control such as non-compressible torso hemorrhage and
blood products
• Repair and/or restoration of combat-related genitourinary organ and tissue damage
• Solutions for the assessment of mild traumatic brain injury (mTBI) in deployed and farforward settings, to include portable devices
• Enhanced delivery and utilization of telemedicine platforms
• Infectious diseases, including sepsis

The DMRDP provides execution management support for the six DHP core research
program areas. Each of these major research program areas is strategically guided by
a Joint Program Committee (JPC), which consists of DoD and non-DoD medical and
military technical experts. The CDMRP provides program and award management support
primarily for basic through translational research (Program Elements 6.1 through 6.3) and
also works closely with the JPCs to transition products to advanced development.
Defense Medical Research
and Development Program
(DMRDP)

Example focus areas relevant to blast injury:
• Develop and field sensors to characterize the potentially injurious environments Soldiers are
exposed to during training
• Elucidate the complex relationship between vision and traumatic brain injury (TBI), recovery,
and impact quality of life
• Development and preclinical testing of novel chemotypes as therapies for wound infection
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CDMRP Research Program

Program Focus

The ERP funds research to develop an understanding of the magnitude of post-traumatic
epilepsy (PTE) within the military and to expand research into the basic mechanisms by
which TBI produces epilepsy.
Epilepsy Research Program
(ERP)

Example focus areas relevant to blast injury:
• Epidemiological characterization and identification of risk factors for developing PTE
following TBI
• Identification of markers or mechanisms that address PTE
• Development of new models or better characterization of existing models for PTE, including
repetitive TBI

The HRRP funds innovative research that has the potential to maximize operational
performance, medical readiness, and quality of life for Service members, Veterans, and
others living with significant auditory system injuries.
Example focus areas relevant to blast injury:
Hearing Restoration Research
Program (HRRP)

• Accelerate translation of biological regeneration/repair mechanisms into therapies that treat
auditory system injury and restore auditory function
• Diagnostic tests that help differentiate sensory, neural, synaptic, and central processing
disorders, that may inform applicability and outcomes for current or future hearing
restoration therapeutics
• Develop reliable in vitro human models to facilitate the understanding, derivation, and
characterization of human auditory cells, and/or to facilitate the evaluation of hearing
restoration therapies

The JWMRP funds mature research projects close to yielding tangible benefits to military
medicine. The JWMRP focuses on six program areas: Medical Simulation and Information
Sciences, Military Infectious Diseases, Military Operational Medicine, Combat Casualty
Care, Radiation Health Effects, and Clinical and Rehabilitative Medicine.
Example focus areas relevant to blast injury:
• Simulation technology and medical training

Joint Warfighter Medical
Research Program (JWMRP)

• Prophylactics and novel therapeutics to treat multi-drug resistant organisms in combat
wound infections, countermeasures that prevent and mitigate Service member injury
• Development and validation of effective evidenced-based prevention, screening, and
assessment strategies, as well as treatment and rehabilitation interventions for concussion/
mTBI
• Identification and development of medical techniques and materiel (medical devices, drugs,
and biologics) for early intervention in life-threatening battle injuries
• Neuromusculoskeletal injury (including amputees), sensory systems (including balance,
vision, and hearing), acute and chronic pain, and regenerative medicine
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CDMRP Research Program

Program Focus

The MBRP funds projects that support a broad research portfolio in the treatment of
burns and the trauma associated with burn injuries sustained during combat or combatrelated activities. .
Military Burn Research
Program (MBRP)

Example focus areas relevant to blast injury:
• Burn care solutions for use by a non-medical first responder in a prolonged field care (PFC)
scenario
• Burn care solutions for use by the medical first responder in the pre-hospital setting (not
necessarily in a PFC scenario)

Neurotoxin Exposure
Treatment Parkinson’s (NETP)

The NETP Program supports Parkinson’s research investigating the underlying biologic
mechanisms and therapeutic interventions of neuro-degenerative effects caused
by deployment, environmental, and occupational exposures in Service members and
Veterans.
Example focus areas relevant to blast injury:
• Quantifiable gene-environment interactions and the risk for or progression of Parkinson’s
disease following neurotoxin exposure

The OPORP funds research that evaluates orthoses and/or prostheses using patientcentric outcomes relevant to Service members, Veterans, and other individuals with limb
loss and/or limb impairment. The intent of this research is to generate clinically useful
evidence that will enhance and optimize patient outcomes.
Example focus areas relevant to blast injury:
Orthotics and Prosthetics
Outcomes Research Program
(OPORP)

• Orthoses or Prostheses Form - Optimize patient outcomes through the analysis and
characterization of variables related to the form of currently available clinical options
• Orthoses or Prostheses Fit - Optimize patient outcomes related to human-device interface
through the analysis of variables in currently available clinical options that facilitate fitrelated metrics
• Orthoses or Prostheses Function - Optimize patient outcomes through the analysis of
variables related to currently available device function with respect to activities of daily
living and other real-world activities

The PRARP funds research that addresses the long-term consequences of TBI as it
pertains to Alzheimer’s disease and Alzheimer’s disease related dementias.
Example focus areas relevant to blast injury:

Peer Reviewed Alzheimer’s
Research Program (PRARP)

• The paucity of clinical studies to examine the interrelationship between TBI and subsequent
Alzheimer’s disease / Alzheimer’s disease-related dementias (AD/ADRD) for the military,
Veteran, and civilian communities
• The need for technologies, tests, surveys, questionnaires, devices, biomarkers, or analyses
to detect TBI sequelae for AD/ADRD utilizing new and/or pre-existing datasets
• The paucity of epidemiological research to examine the interrelationship between TBI,
risk and resiliency factors, and subsequent AD/ADRD for the military, Veteran, and civilian
communities.
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CDMRP Research Program

Program Focus
The PRMRP funds research across the entire spectrum of medical research toward
improving the health and well-being of Service members, Veterans, and their Families.
Example focus areas relevant to blast injury:

Peer Reviewed Medical
Research Program (PRMRP)

• Post-traumatic headache
• DNA vaccine technology for post-exposure prophylaxis
• Neuroprosthetics
• Post-traumatic osteoarthritis
• Tinnitus

The PRORP funds research to advance the treatment of and rehabilitation from
musculoskeletal injuries sustained in combat. The PRORP seeks to optimize recovery and
restoration of function following orthopaedic injuries.
Example focus areas relevant to blast injury:
• Diagnostic and treatment strategies for compartment syndrome

Peer Reviewed Orthopaedic
Research Program (PRORP)

• Development of rapid limb stabilization and novel wound protectants for severely wounded
limbs to enable transport
• Development and optimization of battlefield-feasible diagnostic capabilities, decision
support tools, interventions, and rehabilitation strategies that can facilitate retention on duty
• Development of advanced tissue regeneration therapeutics in nerve, muscle, and/or
composite tissue for the restoration of traumatically injured extremities
• Identification of best practices to address infection at the skin-implant interface for
osseointegrated prosthetic limbs

The PH/TBIRP funds research efforts aimed at improving prevention, detection, and
treatment of psychological health disorders and TBI. Research funded by PH/TBIRP
spans the translation al research spectrum from basic research to clinical trials. CDMRP
provides program and award management support for PH/TBIRP funds.
Example focus areas relevant to blast injury:
Psychological Health and TBI
Research Program (PH/TBIRP)

• Investigations of blast physics for improved understanding of mechanism and for enhanced
design of personal protective equipment
• Comparison of behavioral and neural pathologies in blast-induced and mechanically-induced
TBI
• Evaluation of rehabilitative therapies for TBI, including tele-rehabilitation and virtual reality
• Evaluation of neuroprotective and/or therapeutic compounds to treat TBI
• Development of field-ready diagnostic devices for post-traumatic stress disorder and TBI
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CDMRP Research Program

Program Focus
The RTR Program funds innovative research that will foster new directions for, and
address neglected issues in, the field of reconstructive transplantation, specifically for
vascularized composite allotransplantation (VCA)-focused research.
Example focus areas relevant to blast injury:

Reconstructive Transplant
Research (RTR) Program

• Immune system regulation
• Improved access to reconstructive transplantation
• Reconstructive transplantation rehabilitation
• Graft surveillance—clinical monitoring
• Psychosocial issues associated with VCA

The SCIRP funds collaborative research to advance treatment and rehabilitation after
spinal cord injury (SCI).
Example focus areas relevant to blast injury:
Spinal Cord Injury Research
Program (SCIRP)

• Management of acute SCI (pre-hospital, en route care, and early hospital management)
• Best practices for rehabilitation and adjustment to SCI
• Research towards the development of spinal regeneration therapies
• Secondary health effects and complications following SCI
• Investigation and improvement of functional deficits

The VRP funds innovative research that will significantly advance the understanding,
prevention, diagnosis, mitigation, and/or treatment of eye injury or visual dysfunction
associated with military-relevant trauma.
Vision Research Program (VRP)

Example focus areas relevant to blast injury:
• Eye injury or visual dysfunction as related to a military-relevant traumatic event
• Diagnosis, stabilization, and treatment of eye injuries in austere environments and prolonged
field care settings
• Restoration of visual function after trauma-related vision loss or severe visual impairment

* More information on the CDMRP can be found at https://cdmrp.army.mil
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advancing blast injury research
to protect and heal those who serve
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