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FOREWORD FROM THE DIRECTOR

A

rmy Sergeant (SGT) Christy Gardner
did not let a spinal cord injury,
double leg amputation, two skull
fractures, frequent seizures, two
missing fingers, or profound depression stand
in her way of becoming a world-class athlete.
After receiving these severe injuries in 2006
while deployed on a peace-keeping mission,
Gardner’s recovery seemed insurmountable.
She had to relearn things most people take for
granted, such as how to speak, the meaning of
words, spelling, grammar and basic arithmetic.
Due to her extensive injuries and severity of
her seizures, doctors labeled her 100 percent
disabled/severely handicapped and encouraged
her to remain wheelchair-bound.

Gardner’s grim diagnosis was in hindsight a
turning point for her. Shortly after receiving the
crushing news, she began meeting fellow
Veterans who introduced her to adaptive
sports. On her first outing with the group,
Gardner saw injured Veterans living not only
Photo credit: Michael D. Wilson/Woman’sDay.com
active, vital lives, but also engaging in
strenuous sports like waterskiing, surfing, and
biking. Inspired by their vitality, Gardner tried waterskiing, which launched her new life as an athlete.
Since sustaining her injuries, Gardner has won two gold medals at the World Sled Hockey
Championships, became a member of the U.S. Women’s National sled hockey team, and a national
champion discus thrower. While she modestly attributes most of her success to the encouragement of
her friends, family and other Veterans, as well as a mutually supportive relationship with her service
dog, Moxie, it is undeniable that Gardner’s recovery is due to her own amazing sportsmanship and
competitive drive. Just as Gardner was inspired by injured Veterans to begin her recovery, her example
now serves as an inspiration to others.
To prevent injuries like those suffered by SGT Gardner in the future, as well as to continue to enhance
the recovery of those individuals who suffer from blast-related injury, the DoD Blast Injury Research
Program and the Program Coordinating Office facilitates research that seeks to better protect, treat,
and support Service members. The DoD Blast Injury Research Program engages in multi-disciplinary
efforts to provide a better understanding of the physics of blast explosions and their effect on both
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personnel and equipment, physiological responses to blast events, techniques to improve both acute
and long-term care, and methods to improve post-traumatic rehabilitation, quality of life, and return to
duty. The DoD Blast Injury Research Program and Program Coordinating Office play a vital role
supporting these activities by facilitating collaboration among areas that can positively impact the
Service member, as well as identifying knowledge gaps and encouraging research activities that have
a clear path towards further refinements and breakthroughs.
This annual report to the Executive Agent (EA) describes the DoD Blast Injury Research Program’s
fiscal year 2017 efforts to prevent, treat, rehabilitate, and better manage exposure to blast injury. This
report was created through the collaborative efforts of researchers, clinicians, administrators, and
other personnel across the entire spectrum of blast injury research and clinical care. By disseminating
information on significant accomplishments and identifying challenges ahead to researchers,
policymakers, military leaders and the general public, we hope to emphasize how impactful the
accomplishments can be when collaborations and partnerships receive the full support of the
community. We also want to build confidence in the DoD’s commitment to preventing, mitigating and
treating the full range of blast injuries.
I am pleased to present this report to the EA on behalf of the vast network of dedicated professionals
who are the foundation of this program.

Michael J. Leggieri, Jr.
Director, DoD Blast Injury Research Program Coordinating Office
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B

last-related injury has become
increasingly common in recent
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 the spectrum from mild to
severe, including hearing loss, penetrating
injuries, burns, fractures and traumatic
amputations, and open and closed head
injuries. Although technological advancements
have improved survivability, Service members
are surviving blast events with blast injuries
ranging from hearing loss to amputation to
traumatic brain injury. Even relatively mild
symptoms of blast injuries (e.g., tinnitus,
dizziness, disorientation) can have major
effects on operational readiness and quality
of life (QOL). To address these effects, the
United States (U.S.) Department of Defense
(DoD) invests significant resources in medical
and nonmedical 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 include
recommending DoD blast injury prevention
and treatment standards, ensuring DoDsponsored blast injury research programs
address the Services’ needs, and sharing blast
injury research information among medical
and nonmedical communities.

Photo credit (opposite page): SSgt Thomas Trower/U.S. Air Force

Following a series of delegations, the
Commander, U.S. Army Medical Command
assumed EA authority for the DoD Blast
Injury Research Program and established
the Program Coordinating Office (PCO)
at the U.S. Army Medical Research and
Materiel Command to assist in fulfilling EA
responsibilities and functions. The PCO
coordinates the DoD’s blast injury research
on behalf of the EA to ensure that critical
knowledge gaps are addressed, avoid costly
and unnecessary duplication of effort, and
accelerate the fielding of prevention and
treatment strategies through collaboration and
information sharing. This report highlights
the PCO’s FY17 activities that support the
congressional intent for a coordinated DoD
blast injury research program. Over the past
year, the PCO continued to chair the North
Atlantic Treaty Organization (NATO) Human
Factors and Medicine (HFM) Research
Task Group (RTG) on the “Framework for
Modeling and Simulation of Human Lethality,
Injury, and Impairment from Blast-Related
Threats” (HFM-270); directed the Military
Health System (MHS) Blast Injury Prevention
Standards Recommendation (BIPSR) Process;
sponsored the sixth annual International Stateof-the-Science (SoS) Meeting on “Minimizing
the Impact of Wound Infections Following
Blast-related Injuries”; and planned the seventh
annual International SoS Meeting on “The
Neurological Effects of Repeated Exposure to
Military Occupational Blast: Implications for
Prevention and Health.”
In accordance with DoDD 6025.21E, the PCO
fosters international collaboration to support
the prevention, mitigation, and treatment
of blast injuries. The PCO Director chaired
the NATO HFM-270 (RTG), which includes
22 members representing 10 NATO nations.
Its objective is to develop a framework for
translating scientific information into the
capability to model the mechanisms of human
lethality, injury, and impairment across the
EXECUTIVE SUMMARY
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spectrum of blast-related threats. The task
group has successfully developed an outline
of the Framework, started to collect existing
computational models of related blast events
from across the participating nations, and
developed assessment criteria to assess the
existing computational models for inclusion
in the Framework. The outcome of this effort
will include the Framework, guidelines,
identification of gaps, and recommendations
for the validation of effective modeling and
simulation capabilities. When tightly coupled
to biomedical research data, modeling and
simulation have the potential to elucidate
tissue level mechanisms of blast injury needed
to design and test protection systems for
individuals.
The EA is responsible for recommending blast
injury prevention standards to the Assistant
Secretary of Defense for Health Affairs, who has
the authority to approve them as DoD standards.
To support this key EA responsibility, the
PCO developed the BIPSR Process—the DoD’s
first unbiased, stakeholder-driven, critical
assessment methodology for recommending
biomedically valid blast injury prevention
standards. These standards support weapon
system health hazard assessments, combat
platform occupant survivability assessments,
and protection system development and
performance testing. In FY17, the findings
and recommendations from the BIPSR Process
for the Spine and Back and Upper Extremity
Blast Injury Types were completed; a BIPSR
Process Auditory Subject Matter Expert (SME)
Panel was convened to independently evaluate
the existing standards for preventing auditory
injuries. The PCO continued to prove out the
new, streamlined BIPSR Process through a
web-based collaboration environment, known
as Interactive Blast Injury Prevention Standards
Recommendation using the Auditory Blast
Injury Type as an exemplar. In addition, a
reprioritization effort was completed for the
remaining MHS BIPSR Process Blast Injury
8
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Types to ensure that the current needs of the
operational environment and DoD are being
met.
The EA identifies blast injury knowledge gaps
and facilitates collaboration among the world’s
blast injury research experts. These two
roles help shape medical research programs
that can in turn address the gaps and meet
the needs of the Services. To support these
EA responsibilities, the PCO established the
International SoS Meeting Series to address
specific blast injury issues important to the DoD.
These annual working meetings composed of
SMEs and stakeholders, explore the state of
the science for specific blast injury challenges,
and identify gaps to guide future medical
research. In FY17, the PCO sponsored the sixth
International SoS Meeting on “Minimizing
the Impact of Wound Infections Following
Blast-related Injuries” and planned the seventh
International SoS Meeting on “The Neurological
Effects of Repeated Exposure to Military
Occupational Blast: Implications for Prevention
and Health.” Meeting materials are posted to
the PCO website (https://blastinjuryresearch.
amedd.army.mil).
The PCO Brain Health Research Program
supports the EA responsibility to disseminate
brain health research and clinical practices
information, facilitate collaborations in
neurological and psychological health research
related to blast injury, and promote information
sharing among research and clinicians with the
DoD and its partners.
The research accomplishments, initiatives, and
activities highlighted in the FY17 annual report
reflect the extent of collaboration within the
blast injury research community. Chapters
7 and 8 highlight 155 accomplishments that
extend the knowledge base for blast injury
research and establish new tools and strategies
to prevent, mitigate, and treat blast injuries.
These accomplishments were sourced from 84

Photo credit: Gertrud Zach/U.S. Army

DoD organizations and partners representing
the research, development, test, and evaluation
communities as well as the operational and
clinical care communities.
Some examples related to the area of injury
prevention which encompasses the entire
spectrum of potential injuries include:
•

A team of researchers are collaborating
to measure overpressure with wearable
sensors in conjunction with multiple
outcome measures in field studies involving
more than 100 military Service members
during multi-day standard training

•

protocols on explosive breaching. Initial
findings show subtle associations between
biomarkers and training blast exposure that
are consistent with the a priori hypothesis
of small effects among healthy populations
exposed to blast. Discovery of objective
biomarkers associated with blast exposure
will be an important advancement in this
field.
Researchers developed a finite element
model (FEM) of the human lower leg
from computerized tomography (CT)
scan data to simulate the response of
the lower extremities to representative
underbody blast (UBB) exposures. They
EXECUTIVE SUMMARY
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found that Service members possessing
more compliant plantar ligaments, higher
foot arches, and thicker heel pads may be
less likely to sustain injuries compared to
other individuals with similar total body
mass. This model was used to evaluate the
protective effects of boots, and is helping
to design and assess the performance
of future improvements to personal
protective equipment and other protective
technologies.

Some examples related to the area of reset
focused on reducing recovery time and
improving the QOL for Service members who
have experienced blast injuries include:
•

Some examples related to the area of acute
treatment to improve survivability and mitigate
long-term disability for Service members with
the full spectrum of injuries following blast
events include:
•

•

10

Researchers developed a corticosteroidreleasing therapeutic bandage contact
lens (TCL) that can be used to prevent
trauma-related ocular inflammation and
scarring. The TCL has the potential to
also change the treatment of other ocular
inflammatory conditions, such as postoperative inflammation.
Researchers developed recognition
software for intelligent focused assessment
with sonography for trauma (iFAST). This
project focused on automated detection
and diagnosis of abdominal hemorrhages
with ultrasound imagery obtained
near the four Focused Assessment by
Ultrasound for Trauma exam points, i.e.,
near the spleen, kidneys and in the pelvic
area. The recognition software was
improved to recognize blood and fluid
pools in the abdomen and extended to
determine minimum detectable volumes.
In conclusion, the iFAST is a key medical
tool for forward battlefield conditions
to detect very small lung and abdominal
hemorrhages caused by blast or other
trauma.

EXECUTIVE SUMMARY
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Following an extremity amputation, the
patient’s leg or arm skin is surgically
secured around the stump. The skin
covering the stump is not designed to
bear weight and is more susceptible to
friction-induced irritation and sweating.
Thus, prosthetic users experience issues
of sweating and skin breakdown that
compromise their QOL, especially difficult
for lower limb amputees. Researchers
developed a novel and intuitive approach to
convert this skin to the palmoplantar skin,
the thicker, hairless skin that covers the
palms of hands and the soles of feet.
Musculoskeletal injuries comprise a
significant portion of blast-related wounds
and often involve complex fractures of
long bones, some of which do not heal
well, ultimately resulting in extremity
amputation. A team of researchers are
collaborating to refine and evaluate a
platform technology that will allow
for targeted delivery of lower doses of
therapeutics and prolonged retention at
injury sites, thus improving safety, efficacy,
and cost of orthopaedic applications.

These and other accomplishments submitted to
the PCO for inclusion in this report represent
a significant body of work and should inspire
confidence among Service members, their
Families, and the general public that major
advances are underway to help protect Service
members from blast injuries and improve their
treatment and recovery.

Photo credit (opposite page): SSgt Andrew Lee/U.S. Air Force
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CH A P T E R 1: IN T RODUC T ION

T

errorist and insurgent activities
worldwide necessitate a focus on
blast injury research and the sharing
of knowledge between civilian and
military sectors. Improvised explosive
devices (IEDs) remain the weapon of choice
for militant groups worldwide, with resulting
civilian and military injuries spanning the
spectrum from mild to severe; including hearing
loss; penetrating injuries; burns; fractures
and traumatic amputations; and open and
closed head 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 period,
for every one KIA there were 8.4 WIA and of
those wounded five percent suffered traumatic
extremity loss. (JTAPIC 2017). Civilians are also
affected by the use of explosive devices in acts of
terror, one of which killed 22 people and injured
59 others when a lone suicide bomber detonated
explosives as teenage fans were leaving a concert
at the Manchester Arena on Monday night 22
May 2017; additionally, three bombs exploded
leaving 31 people wounded in New York and
New Jersey on 17-18 September 2016; and on
22 March 2016, 32 people were killed and more
than 300 wounded in suicide bombings at the
Brussels Airport and Metro station. 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 on 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 Agent (EA) to coordinate
Department of Defense (DoD) medical research
efforts and programs relating to the prevention,
mitigation, and treatment of blast injuries (Figure

Photo credit (opposite page): PFC James Dutkavich/U.S. Army

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

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

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

PCO supports EA responsibilities

FIGURE 1-1: Assignment of EA Authority*
* USD(AT&L)=Under Secretary of Defense for Acquisition,
Technology, and Logistics. PCO = DoD Blast Injury Research Program
Coordinating Office

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 5 July
2006 (see Appendix C: DoDD 6025.21E).
DoDD 6025.21E assigned the Assistant Secretary
of Defense for Research and Engineering
(ASD(R&E)) with oversight of the Blast Injury
Research Program and designated the Secretary
of the Army (SECARMY) as the DoD EA.
Previously, SECARMY delegated authority
and assigned responsibility to execute EA
responsibilities to the Assistant Secretary of the
Army for Acquisition, Logistics, and Technology
(ASA(ALT)). The ASA(ALT) further delegated
authority and assigned program responsibility to
the Commander, U.S. Army Medical Command
(MEDCOM). The Blast Injury Research Program
Coordinating Office (PCO) was established
CH A P T E R 1: IN T RODUC T ION
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within MEDCOM at the U.S. Army Medical
Research and Materiel Command (USAMRMC),
Fort Detrick, Maryland, to assist the Commander,
MEDCOM, in fulfilling the EA’s assigned
responsibilities and functions.
As of 21 August 2017, SECARMY delegated
authority and assigned responsibility to execute EA
responsibilities directly to the The Surgeon General
of the U.S. Army. The Surgeon General of the U.S.
Army may further delegate this authority if deemed
appropriate.
To support the EA, the PCO coordinates relevant
DoD medical research efforts and programs.
Its role includes facilitating collaboration,
identifying blast injury knowledge gaps, shaping
medical research programs to fill identified gaps,
disseminating blast injury research information,
and promoting information sharing among DoD
and non-DoD entities (Figure 1-2). Through these
efforts, the PCO works to improve blast injury
prevention, mitigation, and treatment strategies for
Service members and their Families.

Responsibilities and Functions
DoDD 6025.21E assigned key DoD components with
specific responsibilities to coordinate and manage
the medical research efforts and DoD programs
related to the prevention, mitigation, and treatment
of blast injuries. The following is a summary of the
responsibilities assigned by the Directive. For a
more detailed description, please see Appendix C:
DoDD 6025.21E.
•

The ASD(R&E) establishes procedures to
ensure new technology developed under
the DoDD is effectively transitioned and
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.

•

The Assistant Secretary of Defense
for Health Affairs (ASD(HA)) assists in
requirements development; assesses and

FIGURE 1-2: Breadth of the PCO’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)
14
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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 2007, the SECARMY delegated
authority and assigned EA responsibility
to ASA(ALT). ASA(ALT), delegated
authority and assigned responsibility to the
Commander, MEDCOM.
The Commander, MEDCOM, as the
delegated EA, coordinates and manages
DoD blast injury research efforts and
programs by:
 Maintaining a DoD technology base for
medical research related to blast injuries
 Performing programming and budgeting
actions for all blast injury research based
on analysis and prioritization of DoD
component needs
 Providing medical recommendations on
MHS blast injury prevention, mitigation,
and treatment standards
 Executing the approved DoD Blast Injury
Research Program
 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 throughout the EA.

•

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

education curriculum and programs.
The 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 coordination
boards or committees related to blast
injury research.

•

The Commander, US Special Operations
Command (USSOCOM) establishes
procedures for the coordination of Defense
Major Force Program 11 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 usage 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.
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.

CH A P T E R 1: IN T RODUC T ION
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TABLE 1-1: Taxonomy of Injuries from Explosive Devices
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 traumatic
brain injury

Primary blast injuries result
from the high pressures
created by the blast. These
high pressures, known as blast
overpressure (BOP), can crush
the body and cause internal
injuries. Primary blast injuries
are the only category of blast
injuries that are unique to blast.

Secondary Blast Injuries:
• Penetrating ballistic
(fragmentation or
blunt injuries)
• Eye penetration

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
radiological substances

Quinary blast injuries refer
to the clinical consequences
of “post-detonation
environmental contaminants,”
including chemical, biological,
and radiological (e.g., dirty
bombs) substances.

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, such as hearing loss,
penetrating injuries, burns, fractures, traumatic
amputations, and open and closed head injuries.
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. The Taxonomy of Injuries from
Explosive Devices assigns blast injuries to five
categories—Primary, Secondary, Tertiary,
Quaternary, and Quinary—based on the
mechanism of injury (Table 1-1).

Blast Injury Research Program
Areas

from DoDD 6025.21E
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DoD Framework for
Characterizing Blast Injuries

The DoD Blast Injury Research Program 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, the program
organizes current research efforts into three
key research program areas: Injury Prevention,
Acute Treatment, and Reset (Figure 1-3).

Injury Prevention
Injury prevention reduces the risk of 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 resilience
training to prevent or mitigate injuries.

Acute Treatment
Research 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. The acute treatment
research program area explores development of

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
Materiel Command, U.S. Army; Column 3—U.S. Air Force, Defense Advanced Research Projects Agency, Defense Centers of Excellence.

new diagnostic tools, interventions for hemorrhage
control and resuscitation, strategies to mitigate
wound infection, and tools and guidelines for eye
injuries. This research program area will lead to
a greater understanding of the capabilities and
limitations of current technologies; new tools and
validated methods for injury mitigation in the
prehospital setting; and improved diagnostics and
clinical guidelines for the acute treatment of blast
injuries.

Coordination of Blast Injury
Research Activities

Reset

DoD Component Services and Agency
Research Programs

Research in the area of reset aims to mitigate
disability by providing a biomedically-based
performance assessment capability for return to
duty (RTD) 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.

DoD blast injury research efforts are requirements
driven and fill knowledge gaps in preventing
and treating injury, as well as restoring function.
To address identified gaps, researchers work
with stakeholders from across the blast injury
research community. Examples of programs and
collaborative efforts supporting blast injury research
are discussed below.

Each of the Services and the Defense Advanced
Research Projects Agency (DARPA) has 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 (CCC), wound infections,
military operational medicine (MOM), and clinical
and rehabilitative medicine.

CH A P T E R 1: IN T RODUC T ION
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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, testing, and evaluation
(RDT&E) programs related to the healthcare needs
of Service members. The DHA R&D Directorate
manages the RDT&E funds of the Defense Health
Program (DHP). Joint Program Committees (JPC),
which consist of DoD and non-DoD 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).
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
(DHHS), academic centers, industry partners, and
other scientific and technical communities.

The current emphasis of the DHA R&D Directorate
is on the Secretary of Defense (SECDEF)’s stated
priorities: Post Traumatic Stress Disorder (PTSD),
Traumatic Brain Injury (TBI), 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
Precision Medicine Initiative (Figure 1-4); National
Research Action Plan (NRAP; Figure 1-4) for
Improving Access to Mental Health Services for
Veterans, Service members, and Military Families;
the Precision Medicine Initiative (Figure 1-4);
the National Strategy for Combating Antibiotic
Resistant Bacteria (Figure 1-4); and international
scientific partnerships that facilitate global health
engagement. The DoD Blast Injury Research
Program works with Military Operational
Medicine Research Program (MOMRP), Combat
Casualty Care Research Program (CCCRP), and
Clinical and Rehabilitative Medicine Research
Program (CRMRP) to support research that falls
within these priorities.

TABLE 1-2: Joint Program Committees
JPC

DHA R&D Directorate
Program Areas

Examples of Research Focus 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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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, DHHS, and U.S. Department of Education)

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 between the U.S. Congress, the
Military, and the public that uses congressionally
directed dollars and core dollars (presidential budget
appropriation) to fund groundbreaking, high-impact
research awards. The CDMRP works collaboratively
with the DHA R&D Directorate, USAMRMC, and
other members of the federal and non-federal medical
research community to implement the investment of
congressionally directed dollars for these programs
to fund groundbreaking, high-impact, meritorious
research that targets critical gaps, including several
in areas that are highly relevant to blast injury
research. CDMRP also provides support for the
management of core dollars (presidential budget)
directed at both intramural and extramural military
medical research portfolio areas, many of which
are relevant to blast injury research. Appendix D:
Supplemental Tables lists the CDMRP research
programs supporting blast injury research.

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

Centers of Excellence
In response to congressional requirements within
the 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 (CPG) 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: the Defense Center of
Excellence for Psychological Health and Traumatic
Brain Injury (DCoE), Defense and Veterans Center
for Integrative Pain Management, Hearing Center
of Excellence (HCE), Extremity Trauma and
Amputation Center of Excellence (EACE), and Vision
Center of Excellence (VCE).

Research Forums, Consortia, and Programs
Supporting Blast Injury Research
Numerous ongoing collaborative efforts in the
DoD (e.g., working groups, consortiums, research
programs) are investigating blast injuries and
associated health outcomes. These efforts include
the development of new blast injury protective
or preventive measures, the development of new
CH A P T E R 1: IN T RODUC T ION
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Photo credit: Jamal Wilson/U.S. DoD

treatments for blast injury, and improvements in
posttraumatic rehabilitation. For example, the
Chronic Effects of Neurotrauma Consortium
(CENC) targets mild TBI (mTBI; including blastrelated mTBI) to address knowledge gaps in the
basic sciences, determine the effects of mTBI
on late-life outcomes and neurodegeneration,
identify Service members most susceptible to these
effects, and identify potentially effective treatment
strategies. Table 1-3 contains additional examples of
collaborative research efforts.

Preview of this Report
The following chapters highlight research efforts to
advance the DoD’s ability to prevent, mitigate, and
treat blast injury. Chapter 2 describes the PCO’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
summarizes the PCO’s participation in the NATO
Human Factors and Medicine (HFM)-Research
20
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Task Group (RTG) 270 and completion of the NATO
HFM-234 (RTG). Chapter 4 focuses on the PCO’s
role in the MHS Blast Injury Prevention Standards
Recommendations (BIPSR) Process. Chapter 5
provides an overview of the role and activities of the
Brain Health Research Program and a summary of
major brain health efforts within the DoD. Chapter
6 summarizes the annual International Stateof-the-Science (SoS) Meeting Series including a
description of the planning process, a summary
of the findings from the 2016 SoS Meeting, and an
overview of the PCO’s plan for future SoS Meetings.
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. The report concludes with a
discussion of the way forward for the Blast Injury
Research Program in coordinating and supporting
future advancements in blast injury research in
Chapter 8.

Photo credit (opposite page): SrA Courtney Richardson/U.S. Air Force

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

21

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-institutional, 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. Currently, AFIRM represents 60
projects spread across 33 academic, corporate, and tri-service research institutions.

Auditory Fitness For Duty
Working Group

22

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 HCE’s mission to heighten readiness and continuously improve the health and
quality of life (QOL) 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 (BADER) 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 QOL issues
following extremity injury.

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 the National Research Action Plan (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://cenc.rti.org). The majority of studies are focused on human
subjects recruited from Veteran, Active Duty Service members, Reserve, and National Guard populations.
CENC studies examine chronic TBI and co-morbidities associated with mTBI including: psychological,
neurological, sensory deficits (visual, auditory, vestibular), movement disorders, pain (including headache),
cognitive, and neuroendocrine deficits.

Pharmaceutical
Intervention for Hearing
Loss Working Group

The Pharmaceutical Intervention for Hearing Loss Working Group develops 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.

The INjury and TRaumatic
STress Consortium

The The INjury and TRaumatic STress (INTRuST) Consortium was established to combine the research
efforts of leading clinical researchers to bring to market novel treatments or interventions for those who
suffer from PTSD and/or TBI. The INTRuST portfolio of clinical research and trials spans psychotherapeutics,
pharmacotherapeutics, and devices.

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.
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DoD Entity

Blast Related Efforts

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 National Institutes of Health (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, data from DoD- and NIH-funded clinical TBI studies
is required to be inputted into FITBIR. Benefits include 1) accelerating the testing of new hypotheses, 2)
allowing multi-study data aggregation to increase the statistical power, 3) providing existing comparator
data, and 4) identifying patterns not easily extracted from a single study.

TBI Endpoints Development
Initiative

The TBI Endpoints Development (TED) Initiative is a collaborative, multidisciplinary team to advance
identification and validation of Clinical Outcome Assessments (COA) and blood-based and neuroimaging
biomarkers. These will be submitted to the US Food and Drug Administration (FDA) Drug Development Tools
(DDT) process or the Center for Drug Evaluation and Research (CDER) and/or Medical Device Development
Tools (MDDT) of the Center for Devices and Radiological Health (CDRH) pilot qualification process. Decades
of TBI research and trials have not yielded any drugs or devices capable of diagnosing or treating mild,
moderate, or severe TBI. The TED project team leverages DoD- NIH- and foundation-funded research
networks and infrastructure, as well as several TBI study datasets containing thousands of TBI subjects
to harmonize and curate data into a large metadataset. The project will validate dataset of mild-moderatesevere TBI endpoints and enter into FDA qualification processes to become acceptable standard measures
for clinical trials of TBI diagnostics or therapeutics and provide a clear path to market. Specifically, the
overarching objective is to leverage existing research and clinical infrastructure (Transforming Research and
Clinical Knowledge in Traumatic Brain Injury [TRACK-TBI], CENC, and the Concussion Research Consortium)
to qualify COAs and biomarkers for FDA DTT/MDDT process. Working with the Clinical Data Interchange
Standards Consortium (CDISC), the TED research consortium will identify and validate clinically relevant
endpoints for diagnostic and therapeutic trials to conform TBI Common Data Elements (TBI-CDE version 2) to
CDISC data standards for trials involving diagnosis and treatment of mild, moderate, and severe TBI subject to
FDA regulatory submission.

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. The CARE Consortium
has enrolled over 30,000 student athletes and service academy cadets at 30 sites. The Consortium has two
study arms, the first being a clinical study focused on examining the natural history of concussion with a multisite, 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. The
CARE Consortium, and the data the team has and will continue to collect, will allow scientists to develop
evidence-based approaches to understanding the risks, management, and possible treatment strategies for
concussion.

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 posttraumatic stress in warfighters. Today, the CNRM involves over a hundred federal intramural
investigators in the National Capital Area from within the DoD and the 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 research programs have an emphasis on aspects
of high relevance to the military populations, particularly Service members cared for at the Walter Reed
National Military Medical Center (WRNMMC) and those exposed to blast events. USUHS is responsible for
the overall operational and fiscal management of the CNRM, on behalf of the DoD.
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The DoD Blast Injury Research PCO
supports the DoD EA by coordinating
blast injury research investment within
and outside of the DoD, both nationally
and internationally, to support the delivery of
timely and effective blast injury prevention,
mitigation, and treatment solutions for Service
members. The PCO’s activities help to identify
and address knowledge gaps, disseminate
information, and minimize duplication of
effort within the DoD. The PCO promotes
collaboration among researchers across the
DoD, other federal agencies, academia, industry,
and international partners to solve complex
challenges related to blast injury. It takes
full advantage of the body of knowledge and
expertise that resides both within and beyond
the DoD.

Key FY17 PCO Activities in Support
of EA Mission Thrust Areas
In response to DoDD 6025.21E, Commander,
MEDCOM established the PCO to assist in
fulfilling EA responsibilities and functions to
coordinate DoD blast injury research efforts
and programs. The PCO executes its mission
by supporting five key EA Mission Thrust
Areas (Figure 2-1). Below are examples of FY17
PCO activities supporting each of the five EA
Mission Thrust Areas.

Promote
Information
Sharing and
Partnerships
Shape
Research
Programs to
Fill Knowledge
Gaps

Facilitate
Collaboration
Both Within
and Outside
the DoD

Blast
Injury
Research
PCO

Disseminate
Blast Injury
Research
Information

Identify Blast
Injusry
Knowledge
Gaps

FIGURE 2-1: PCO Support of EA Mission Thrust Areas
Photo credit (opposite page): SSG Ken Scar/U.S. Army

MISSION
Support the DoD EA by:
• Coordinating DoD-sponsored biomedical research
programs aimed at preventing, mitigating, and treating
blast-related injuries
• Identifying knowledge gaps and shaping research
programs accordingly
• Promoting information sharing among the operational,
intelligence, medical, and materiel development
communities
• Facilitating collaborative research among DoD
laboratories and the laboratories of other federal
agencies, academia, and industry to leverage resources
and take full advantage of the body of knowledge
that resides both within and outside of the DoD to
accelerate the fielding of blast injury prevention and
treatment strategies.

VISION
A fully coordinated DoD Blast Injury Research Program,
as envisioned by Congress and directed by SECDEF, 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

Facilitate Collaboration within
and outside of the DoD
In support of the EA responsibility to promote
collaboration on blast injury research topics, the
PCO actively engages stakeholders within the
DoD and across federal agencies, academia, and
industry—both nationally and internationally.
The following examples demonstrate the
PCO’s collaborative efforts with domestic and
international partners.
International Collaboration through NATO
HFM-270 (RTG)
The PCO continues to chair NATO HFM-270
(RTG), “Framework for Modeling and
Simulation of Human Lethality, Injury, and
Impairment from Blast-related Threats.” Blast
injury researchers from 10 NATO nations are
members of NATO HFM-270.
CHAPTER 2: BLAST INJURY RESEARCH PCO
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(NJIT), Walter Reed Army Institute of Research
(WRAIR), Naval Research Laboratory (NRL),
Indian Defense Institute of Psychological
Research (DIPR), and Indian Terminal Ballistics
Research Laboratory (ITBRL).
Project objectives include:
•

•

•

•

Photo credit: SSG Daniel Love/U.S. Army

See Chapter 3 for additional information on the
PCO’s collaboration with NATO.
U.S.-India Collaboration on
Experimental and Computational Studies of
Blast and Blunt TBI
The PCO continues to be a key player in the
Defense Trade and Technology Initiative
(DTTI), an international partnership organized
by the USD(AT&L) and the Indian Ministry of
Defence, Defence Research and Development
Organization (DRDO). Under the U.S.-India
DTTI, the PCO and MOMRP initiated a project
titled, “Experimental and Computational
Studies of Blast and Blunt Traumatic Brain
Injury.” The lead collaborative organizations
are the USAMRMC and the Institute of Nuclear
Medicine and Allied Sciences (INMAS)-DRDO,
Ministry of Defence, India. Other participants
include the Biotechnology High Performance
Computing Software Applications Institute
(BHSAI), New Jersey Institute of Technology
26
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Develop and validate a blast injury animal
model for mTBI using imaging, histological,
cognitive, and behavioral analyses
Develop, validate, and cross-validate
a computational model for blast and
blunt injury
Develop anatomically accurate head/brain
models for blast/blunt injuries from clinical
and experimental data
Develop injury severity scale for blastinduced mTBI

The objective of this project is to create
blast injury animal models of mTBI to help
elucidate the mechanism of injury. Validated
computational/anatomical models can expedite
identification, selection, and transition of
prevention and treatment strategies to clinical
trials. Validated animal models to improve the
design of PPE could be translated to commercial
defense industry. The injury severity scale for
blast-induced mTBI could be used to inform
MHS clinical practices in theatre and during
treatment.

Identify Blast Injury Knowledge Gaps
Understanding the current state of the
science on blast injury is critical to identify
knowledge gaps, guide current research efforts,
and determine the appropriate direction of
future efforts. In FY17, the PCO continued
to streamline the BIPSR Process, aiming to
be more effective and efficient at identifying
gaps in available candidate MHS Blast
Injury Prevention Standards; this Process
directly supports the key EA responsibility to
recommend standards for ASD(HA) approval
and DoD use.

Applying the BIPSR Process to Assess
Candidate MHS Blast Injury Prevention
Standards: The PCO implements the BIPSR
Process with support from the MITRE
Corporation, a DoD trusted agent that
operates Federally Funded Research and
Development Centers (FFRDCs). The BIPSR
Process identifies and objectively evaluates
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 protection system
development. In FY17, the BIPSR Process
Evaluations for the Spine and Back and Upper
Extremity Blast Injury Types were completed,
and critical needs for developing future
MHS Blast Injury Prevention Standards in
these areas were identified. In addition, the
PCO introduced the Interactive Blast Injury
Prevention Standards Recommendation
(iBIPSR) capability, a web-based collaboration
environment that is expected to enhance
information sharing among blast injury experts
and support the PCO’s EA mission to leverage
existing knowledge and provide a platform
for continuous collaboration throughout the
BIPSR Process. The PCO and MITRE team
began to prove out the iBIPSR capability
using the Auditory Blast Injury Type as an
exemplar. To ensure that the current needs of
the operational environment and DoD are met,
the PCO initiated a reprioritization effort for
the remaining MHS BIPSR Process Blast Injury
Types. For more information on the FY17
BIPSR Process activities, please see Chapter 4.

Disseminate Blast Injury Research
Information
Proper dissemination of blast injury research
information ensures that all stakeholders along
the 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, direct requests for

information (RFI) to the PCO, PCO website, and
stakeholder community briefings.
Annual Report to the EA
The PCO prepares an annual report to the EA
covering S&T efforts and programs focused
on the prevention, mitigation, and treatment
of blast injuries. Intended to inform senior
DoD policymakers, fellow researchers, and
public audiences, this report covers blast injury
research accomplishments across the DoD
within the fiscal year that address the full
spectrum of blast injuries. Previous annual
reports are available on the PCO website
(https://blastinjuryresearch.amedd.army.mil).
Preservation and Dissemination
of DoD Historical Blast Data
The PCO supports preservation and
dissemination of DoD historical blast bioeffects
research data collected at the Albuquerque
Blast Test Site on Kirtland Air Force Base
(AFB), New Mexico, from 1951 to 1998. The
goal of this effort is to provide broad access to
the considerable wealth of DoD historical data
and findings on the biological effects of blast so
that program managers (PMs), researchers, and
medical decision makers can solve current and
future problems with a minimum of duplication
and a maximum of efficiency. The four major
steps of the project include: (1) recovery of
historical data into a form that is complete,
organized, and can be readily accessed; (2)
qualification of the data to ensure that the data
is reliable and consistent; (3) development of a
web-based application that allows controlled
access to the data, literature, and findings;
and (4) population of an online data repository
with user tools for ongoing data collection and
user interaction. The historical data will be
recovered and disseminated in four phases
based on the mechanism of blast injury studied:
primary, secondary, tertiary, and combined
threat. As the historical and contemporary
blast bioeffects data are captured and made
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FIGURE 2-2: Screenshot of PCO Website Home Page

available, the scientific community will be
able to begin testing hypotheses and validating
proposed models. The potential payoff
includes the preservation and wide availability
of the data to researchers and the scientific
community; guidance to research PMs on past
research/data to avoid unnecessary duplication,
accelerate the rate that gaps are addressed, and
validate new models and hypotheses; guidance
to protection system developers to support the
development of effective protection systems;
and guidance to medical decision makers on
screening algorithms and countermeasures
for blast injuries. This effort supports the EA’s
responsibility to disseminate information so
that research programs can leverage historical
knowledge and plan future research investment
to addresses remaining knowledge gaps and
avoid unnecessary and duplicative work.
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Web-based Blast Injury Research
Information
In support of the EA responsibilities to
disseminate blast injury research findings and
promote information sharing, the PCO created
and hosts a dynamic public-facing website as a
resource for information about the DoD Blast
Injury Research Program. The website can
be found at https://blastinjuryresearch.amedd.
army.mil (Figure 2-2). The website contains
current content that accurately reflects ongoing
developments and achievements within the
DoD Blast Injury Research Program. It also
serves as a forum for stakeholders to discover
opportunities to collaborate or participate in
blast-related research.
The website is organized with the major
initiatives listed in the tabs across the top of
the page and additional key information under

the “About Us” tab. The banners on the carousel
highlight current events and research findings.
The website includes background and definitions
of blast injury provided as a primer for those new
to the field of blast injury as well as a collection
of information and links to research funding
opportunities across the DoD that is provided as a
resource to the blast injury research community.
The website also includes news and highlights
from the Blast Injury Research Program that are
organized into the five EA Mission Thrust Areas
and provides a calendar highlighting dates for
upcoming events of interest to the blast injury
research community. In addition, each month the
website highlights a recently published research
article focused on specific blast injuries that
substantially contribute to the knowledge base for
blast injury research.

Shape Research Programs to Fill
Knowledge Gaps
The PCO helps to shape blast injury research
programs by participating in research program
planning, management, and advisory committees.
Being an active participant ensures that key blast
injury knowledge gaps are addressed, encourages
collaborative research efforts, and identifies
potentially duplicative research.
Shaping Research through JPCs
The PCO’s continued participation on JPCs
ensures that high priority blast injury research
issues are addressed in future medical research
investments. In FY17, the PCO participated in
business meetings, In-Progress Reviews (IPRs),
and integrated product team (IIPT) meetings
for the Military Infectious Diseases Research
Program (MIDRP, JPC-2), CRMRP, (JPC-8),
MOMRP, (JPC-5); and CCCRP, (JPC-6). These
meetings provide a high-level summary of the
key areas of each program’s medical research
investment and highlighted the importance of
DoD/VA 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.

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 FY17, the PCO participated in
several activities to promote information sharing
and strengthen partnerships with key national
and international organizations.
Sharing Information and Building
Partnerships
The PCO held an information exchange meeting
with the Royal British Legion Centre for Blast
Injury Studies at the Imperial College, London.
The PCO representatives presented an overview
of the PCO, key initiatives, and computational
assessment of blast injury using articulated
human body models. As suggested by the Royal
British Legion Centre for Blast Injury Studies,
the PCO is exploring a formal agreement with
the Centre to facilitate collaborative research
and exchanging specific information about the
PCO’s annual SoS Meeting and the Centre’s
Annual Networking and Research Update Event.
Meetings such as this are one of the many ways
the PCO engages in information sharing with
other organizations and builds partnerships to
address blast injury research gaps.
Fostering Collaboration
The PCO is working with representatives from
the U.S. Army Research Laboratory (ARL)
Survivability/Lethality Analysis Directorate
(SLAD) and U.S. Army Medical Research and
Materiel Command (USAMRMC) to develop
the operating concept for the Center for Human
Injury and Performance (CHIP). The CHIP is
a collaborative effort between USAMRMC and
ARL/SLAD to drive collaborative research to fill
knowledge gaps and better understand human
injury and performance. This effort will increase
collaboration between medical and nonmedical
blast injury research communities and expand
access and distribution of blast-related research
data. Initial collaborative research opportunities
include behind helmet blunt trauma, behind
CHAPTER 2: BLAST INJURY RESEARCH PCO
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armor blunt trauma, and dissemination of
Warrior Injury Assessment Manikin (WIAMan)
Program data. The PCO will continue to
facilitate the collaboration between USAMRMC
and ARL/SLAD to finalize the initial operating
concept for the CHIP.

International State-of-the-Science
Meeting Series
The International State-of-the-Science
(SoS) Meeting series continues to be a forum
for knowledge sharing, collaboration, and
communication across blast injury research
communities since its inception in 2009.
Each PCO-hosted meeting brings together
the world’s top researchers and experts
from across the DoD, other federal agencies,
academia, industry, and international partners
to share expertise and cutting-edge research
on a specific topic related to blast injury.
Resulting recommendations shape future
blast injury research priorities and facilitate
the development of blast injury prevention,
mitigation, and treatment strategies for the
Service member. For more information on the
International SoS meeting series, please see
Chapter 6.

DoD Brain Health Research
Program Coordinator
To continue to lead the DoD’s research efforts
to improve the understanding of the brain and
the actions and tactics necessary to prevent
and treat brain injuries, the PCO created the
Brain Health Research Program to support
brain health responsibilities of the EA relevant
to neurological and neuropsychological
health. The Brain Health Research Program
Coordinator supports the EA’s responsibilities to
disseminate brain health research and clinical
practices information, facilitate collaboration,
and promote information sharing among
researchers and clinicians not only within the
DoD but in other federal agencies, academia,
and industry, both within the U.S. and
internationally. Coordination activities focus
on brain health research topics identified in
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Public Law 109-163. For more information on the
Brain Health Research Program Coordination
activities, please see Chapter 5.

Environmental Sensors in Training
Program
Nonimpact blast exposures occur when Service
members are close enough to an explosion to
experience the high pressures created by the
blast, but do not sustain penetrating injuries
caused by fragments and blunt impact injuries
from flying debris or whole-body translation
(Table 1-1, Taxonomy of Injuries from Explosive
Devices). Historically, the existence and
mechanism of a nonimpact, blast-induced TBI
has been a key area of research within the
DoD; however, there is increased interest in the
psychological and physiological aspects of blast
exposure in recent years. In 2013, the Army
Resources and Requirements Board (AR2B)
determined a need for additional capability
in the protection of military personnel from
potential brain injury associated with exposure
to explosions or accelerative/decelerative forces.
The AR2B determination led to a U.S. Army
Training and Doctrine Command Tasker for
a holistic review of environmental sensors in
training environments in order to tease apart
the confounding factors that will enable the
development of validated injury thresholds for a
variety of exposures, including cumulative lowlevel blast and larger single exposure injuries.
The U.S. Army Medical Research and Materiel
Command (USAMRMC) was designated as
the lead for the review and responded in 2013
by establishing the Environmental Sensors in
Training (ESiT) Program, to inform technical
requirements for environmental sensors and
methodology for employment of those sensors
in select training events. JPC-5 continues to
oversee the ESiT effort, and in FY17, the Brain
Health Research Program Coordinator was
designated as the DoD Coordinator for the
ESiT Program. The ESiT Program leaverages
DoD programs and projects in related domains
conducted by organizations such as WRAIR,

Photo credit: SSG Ian M. Kummer/U.S. Army

USUHS, U.S. Army Aeromedical Research
Laboratory (USAARL), and Office of Naval Research
(ONR) (see Chapter 7 for specific accomplishments
from each organization). Research conducted
within these individual programs provides an
opportunity to objectively measure blast exposures
experienced by Service members while participating
in military training. The measurements provide
valuable input for ongoing research on the
association between blunt/blast exposures and
physical performance and/or systemic effects,
including neurosensory, pulmonary, visceral, and
inflammatory responses. These studies suggest
that a wearable environmental sensor capability

is critical for research on neurotrauma in military
training environments. The envisioned end state
of the ESiT Program is a wearable sensor capability
for recording acute and chronic environmental
blast exposures across training environments and
deployment. Sensor data would be available in an
integrated system to inform not only evacuation and
RTD decisions, but ultimately clinical treatment
strategies.
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DoD Working Group on Computational
Modeling of Human Lethality, Injury,
and Impairment from Blast-related
Threats

Working Group Vision
The establishment and efforts of this Working Group
will help to coalesce fragmented and disparate
human modeling and simulation programs and
projects to create a coordinated and cohesive
DoD effort that will enable the desired DoD
capability to accurately model and simulate human
lethality, injury, and impairment in all blast threat
environments.

Blast-related injuries sustained by Service
members have increased in occurrence and
severity during Operation Enduring Freedom
(OEF), Operation Iraqi Freedom (OIF), and
Operation New Dawn (OND). Many of these
injuries cause permanent disabilities and reduce
QOL. Understanding and developing protective
measures against these blast-related threats
is of upmost importance. However, accurately
predicting blast-related lethality, injury, and
impairment remains challenging and prohibitive
in terms of cost and time. A new capability to
model the human body’s response to blast-related
threats in high-fidelity will create an avenue for
exploring and understanding these risks, and
reduce the need for Live Fire Test and Evaluation
(LFT&E).

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 across
the entire spectrum of blast-related threats and
environments. Within a virtual environment this
new capability will facilitate rapid development
and assessment of innovative personal and combat
platform occupant protection concepts, accelerate
the development of effective treatment strategies,
and predict health outcomes and disabilities.

In 2017, the PCO established the DoD Working
Group on Computational Modeling of Human
Lethality, Injury, and Impairment from Blastrelated Threats (hereafter “Working Group”)

This modeling capability will allow the DoD
to quickly and adeptly address novel threats
encountered by our Nation’s Service members in
future combat scenarios. The new capability will

Operational threat scenarios input to a modeling framework
generating predictions of lethality, injury, and impairment

FIGURE 2-3: Desired DoD Modeling Capability Framework

Photo credit (opposite page): SSG Alex Manne/U.S. Army
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use operational threat scenarios as input to a
modeling framework, and generate predictions
of lethality, injury, and impairment as output
(Figure 2-3). The resulting information and
data will support Health Hazard Assessments
(HHA) by the medical community, protection
system design and testing by the Materiel
Development community, and crew
survivability assessments by the Test and
Evaluation community.

Working Group Kickoff Meeting
The Working Group held their kickoff
meeting on 23–24 May 2017 in McLean, VA.
The MITRE Corporation coordinated and
moderated the meeting, where Working
Group members and/or their organizational
representatives presented their past, current,
and future program initiatives and engaged in
discussions spanning a wide range of military
and government projects and activities focused
on aspects of blast and human body modeling
(Figure 2-4). Specific topics of discussion
included data quality and availability, technical
challenges related to integrating models, and
the current state of the art in computational
modeling and simulation.

Working Group members will develop
a strategic plan as a first step towards
developing this desired DoD modeling
capability and, in the process, identify
knowledge and technology gaps that
need to be addressed by ongoing and
future programs.
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Working Group members will develop a
strategic plan as a first step towards developing
this desired DoD modeling capability and, in
the process, identify knowledge and technology
gaps that need to be addressed by ongoing and
future programs. The development of this
strategic plan will leverage past, current, and
future computational models of human body
responses to blast-related threats and enable
the desired DoD modeling capability. The
efforts of the Working Group will provide the
DoD with strategic plan for a computational
modeling framework that supports rapid
assessment of blast-related threats to Service
member survivability, and aids the development
of personal and combat platform occupant
protective systems to prevent and mitigate
blast-related injuries sustained by Service
members.

JTAPIC Program
The JTAPIC Program was established at
the USAMRMC in 2006 to assist the EA in
fulfilling their responsibility to support the
development, maintenance, and usage of a joint
database for blast research-related information
under DoDD 6025.21E. The program’s mission
is to collect, integrate, analyze, and store
operations, intelligence, materiel, and medical
data to inform solutions that will prevent or
mitigate injury during the full range of military
operations, including blast injuries.
The JTAPIC Program Management Office
originally resided within the PCO, but it has
since matured into a program of record.

FIGURE 2-4: 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 Program Coordinating Office
Defense Threat Reduction Agency (DTRA)
Joint Non-Lethal Weapons Program (JNLWP)
Joint Program Executive Office-Chemical and Biodefense
Defense Health Agency (DHA)
DoD Explosives Safety Board (DDESB)
U.S. Special Operations Command (USSOCOM)

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

U.S. ARMY
Army Research Laboratory (ARL)
Military Operational Medicine Research Program (MOMRP)
Combat Casualty Care Research Program (CCCRP)
Program Executive Office (PEO) Simulation Training and Instrumentation (STRI)
Program Executive Office (PEO) Soldier
U.S. Army Corps of Engineers
U.S. Army Public Health Center (USAPHC)

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

DEPARTMENT OF HOMELAND SECURITY (DHS)
Chemical Security Analysis Center

DEPARTMENT OF VETERANS AFFAIRS (VA)
Musculoskeletal Disorders and Medical Comorbidities Program

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION (NASA)
Glenn Research Center

NATIONAL INSTITUTES OF HEALTH (NIH)
Dental and Craniofacial Research

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

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

NATIONAL HIGHWAY TRAFFIC SAFETY ADMINISTRATION (NHTSA)
Human Injury Research Division
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The JTAPIC Program Management Office is
located at Fort Detrick, Maryland, with partners
throughout the U.S. (Table 2-1). 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. The JTAPIC Program’s key FY17
accomplishments are highlighted in Chapter 7.

Way Forward
The Commander, MEDCOM established the
PCO to coordinate research efforts on behalf
of the EA to advance prevention, mitigation,
and treatment solutions for Service members.
In support of the EA’s five Mission Thrust
Areas, the PCO will continue to provide critical
information on knowledge gaps in blast injury
research sourced from collaborative efforts with
scientists, clinicians, and engineers from across
domestic and international blast injury RDT&E
and operational communities. For information on
PCO activities in FY18 and beyond, see Chapter 8.

TABLE 2-1: 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

Photo credit (opposite page): TSgt Nadine Barclay/U.S. Air Force
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E

xplosive weapons are a significant and
continuing source of casualties and
injuries in NATO operations. Recent
advances in PPE, in-theater medical
care, and rapid evacuation are increasing
survivability of blast encounters. Survivors
of blast injuries commonly suffer from TBI,
visual and auditory system injury, neurosensory
damage, and extremity injuries resulting in
amputation of the limb(s). NATO advances blast
injury research through Science and Technology
(S&T) activities. In FY17, the PCO participated
in two NATO HFM (RTG) activities focused on
blast injury.

S&T at NATO
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 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.
Technical Panels and Groups, which drive S&T
collaborative model activities, are made up of
Technical Teams (TT) comprised of national
representatives as well as renowned scientists,
engineers, and information specialists. In
addition to providing critical technical
oversight, the TTs provide a communication

Photo credit (opposite page): NATO

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

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.
The mission of the HFM Panel, one of the
six CSO Technical Panels, is to provide the
S&T base for optimizing health, human
protection, well-being, and performance of
the human 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, physiological, psychological,
and cognitive compatibility among military
personnel, technological systems, missions, and
environments.
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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PREVIOUS NATO HFM ACTIVITIES
RELATED TO BLAST INJURY
• HFM-090: Test Methodology for Protection
of Vehicle Occupants against Anti-Vehicular
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)

better understand blast injuries. The HFM-234
(RTG) focused on standardizing animal models
of blast injury; creating common methods
for establishing dose-response and route of
exposure; generating computational models;
specifying dose regimens relevant to human
medical endpoints; and developing methods for
translating basic research to medical products
and/or improved PPE for Service members.
These focus areas were organized into five key
deliverables:
•
•
•
•

Since April 2008, the PCO has participated
in several HFM Panel activities related to
blast injury (see 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. In FY17,
the PCO participated in two HFM RTGs,
described below.

HFM-234 (RTG): Environmental
Toxicology of Blast Exposures:
Injury Metrics, Modeling, Methods,
and Standards
Established in late 2012 with the PCO
Director as the chair, HFM-234 (RTG)’s
objective is to establish a framework for a new
interdisciplinary research area focusing on the
environmental toxicology of blast exposure.
Previous discussion from HFM-207 Symposium
highlighted research similarities between blast
injury research and classic toxicology; both
require an understanding of dose, mechanism of
dose delivery, and dose-dependent endpoint. In
consideration of these similarities, the purpose
of the HFM-234 (RTG) to address knowledge
gaps by creating a systematic approach to
40
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•

A comprehensive dictionary of blast injury
terms
Guidelines for conducting epidemiological
studies of blast injury
Guidelines for reproducing blast
exposures in the laboratory
Guidelines for using animal models in
blast injury research
Final Technical Report on HFM-234
activities

Comprehensive Dictionary of Blast
Injury Terms
Recognizing the need for a common vocabulary
of blast injury research terms to improve
communication and facilitate cross-community
collaboration, the HFM-234 TT developed the
“Comprehensive Dictionary of Blast Injury
Terms.”

Guidelines for Conducting
Epidemiological Studies of Blast Injury
Effective data collection and management
is important for multisite epidemiological
studies. Using frameworks established by the
Institute of Medicine (IOM) as well as other
well-documented epidemiological protocols,
the HFM-234 (RTG) developed the “Blast
Injury Epidemiological Study Guidelines”
to standardize data collection, coding, and
management, which will allow for crossstudy comparisons and encourage greater
international collaboration. The guidelines
provide investigators with an epidemiologic

Photo credit: NATO

framework and best practices for data collection.
The guidelines also identify critical elements of
a blast injury epidemiological study, including:
•
•
•
•
•
•
•
•

A well-defined research question
A focused hypothesis
A detailed study protocol
Logical sampling methodology
Identification of biases and limitations
Definition of all variables and study size
Standardized survey instruments and
operational procedures
An analysis plan

The guidelines recommend an ethics review
and documentation of measures taken to ensure
data quality. By standardizing data collection
and analysis of epidemiological studies of
blast injury, these guidelines will improve the
ability of international partners to share data,
compare outcomes, and collaborate on future
multinational studies.

Guidelines for Reproducing Blast
Exposures in the Laboratory
As a part of the continuing effort to promote
standardized study and data collection
methodologies, the HFM-234 (RTG) developed
guidelines to provide blast injury research

laboratories with fundamental characteristics
for collection and description of blast pressure
waves. Consistent use of guidelines will allow
for reliable comparisons to be made between
studies with different laboratory settings,
methods of blast wave generations, and methods
of blast injury.

Guidelines for Using Animal Models in
Blast Injury Research
The guidelines for using animal models in
blast research will provide a framework for
scientifically valid methodological approaches
to address the pathological consequences of
blast exposures, and assist researchers during
all stages of preclinical blast experiments. It is
anticipated that this will reduce inter-laboratory
variability and allow valid comparisons of
results. They are not intended to be overly
prescriptive but ensure experiential validation
and replication of human condition to better
promote the results to military treatment
facilities.
The five key deliverables were finalized at the
last HFM-234 (RTG) meeting in January 2016
at Porton Down, Wiltshire in the UK. The key
deliverables were reviewed and approved by
the nine participating nations and are under
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TABLE 3-2: HFM-270 (RTG) Topics
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
Photo credit: SGT Juan F. Jimenez/U.S. Army

final review by STO-CSO for publication. The final
versions of these key deliverables will be available on
the STO-CSO public website in early 2018. The three
guidelines and dictionary are being prepared for
publication in a supplement of the Journal of the Royal
Army Medical Corps in FY18.

HFM-270 (RTG): Framework for Modeling
and Simulation of Human Lethality,
Injury, and Impairment from Blastrelated Threats
To build upon progress made by the HFM-207
Symposium and HFM-234 (RTG), which highlighted
requirements for biomedically-valid computational
models and simulation of blast injury that incorporate
both biomechanical and physiological responses,
the PCO proposed a new 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
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with the final report due in 2019. The objective of
this RTG is to develop a framework for translating
scientific information into the capability to model
the mechanisms of human lethality, injury, and
impairment across the spectrum of blast-related
threats. This framework will provide guidelines,
identify gaps, and make recommendations for the
validation of effective modeling and simulation
capabilities. When tightly coupled to biomedical
research data, modeling and simulation has the
potential to elucidate tissue level mechanisms of blast
injury needed to design and test protection systems
for individuals. Table 3-2 describes the topics that are
covered by HFM-270 (RTG).
The PCO Director continues to chair this RTG
comprised of subject matter experts (SMEs) from the
U.S., Canada, France, Germany, Israel, Netherlands,
Sweden, Turkey, South Africa, and the United
Kingdom (Figure 3-2). The Program of Work (PoW)
was finalized in early FY17 at the kickoff meeting
(Table 3-3).

The PoW consists of regularly
scheduled meetings that will be
hosted by a different participating
nation. The purpose of each meeting
is to scope the breadth of the existing
computational models and modeling
capabilities within the participating
nations, assess these models and
capabilities using assessment criteria
for inclusion in the Framework,
identify gaps in the Framework,
and develop key products (outlined
below). Participating scientists,
clinicians, and engineers from the
international, military, academic, and
industrial communities will present
their existing computational models
and modeling capabilities. The
purpose of the HFM-270 (RTG) is to
develop six key products:
•

•
•
•

•
•

Framework for computational
models of human lethality,
injury, and impairment from
blast threats, in both mounted
and dismounted scenario in any
threat environment
Dynamic repository of existing
modeling capabilities
Comprehensive dictionary of
modeling and simulation terms
Draft technical activity proposal
for new HFM RTG which would
develop a standardization
and validation criteria and
approaches for the framework
Publications in appropriate peerreviewed journals
Final report with framework,
gaps, and recommendations.

In FY17, the HFM-270 (RTG) TT
members participated in the kick-off

UNITED STATES
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U.S. Army Medical Research and Materiel Command
Dr. Amit Bagchi
Naval Research Center, Washington DC
Dr. Ibolja Cernak
University of Alberta Edmonton, AB
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blast-related threats
and the development
of personnel
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injury diagnostics,
combat casualty care
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FIGURE 3-2: HFM-270 (RTG) Participating Nations
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TABLE 3-3: HFM-270 (RTG) Program of Work
Activity Workshop

Month/Year

Purpose

Host/Location

Meeting 1

5–6 Oct 2016

HFM-270 (RTG) Kick-off

STO-CSO (Paris, France)

Meeting 2

10–12 Jan 2017

Identify Elements of the Framework

U.S. (Fort Detrick,
Maryland)

Meeting 3

11–13 July 2017

Scope Breadth of Existing Models

United Kingdom (Porton
Down, Wiltshire)

Meeting 4

7–9 Nov 2017

Overview of Existing Computational Models

Netherlands (Rijswijk)

Meeting 5

6–8 March 2018

Overview of Existing Computational Models

Germany (Koblenz)

Meeting 6

10–12 July 2018

Apply Assessment Criteria to Existing
Computational Models

Canada (Suffield Research
Center, Alberta)

Meeting 7

4–6 Dec 2018

Finalize the Framework and Develop Blast
Scenarios

Turkey (Ankara)

Meeting 8

3–5 April 2019

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

Sweden (Stockholm)

Meeting 9

4–6 Sept 2019

Finalize All Deliverables

STO-CSO (Paris, France)

meeting and two additional in-person meetings.
At the January 2017 meeting in Frederick,
Maryland, the TT members were briefed by
U.S. SMEs on computational modeling of blast
injury research. These SMEs were drawn from
U.S. government, academia, and industry; the
topics of their presentations included: Animal
Trauma Pathophysiology and Animal Models and
Behavior, Blast Physics, Biomechanics Models
and Injury Threshold Severity, and Injury Models
and Criteria. The TT members finalized a
questionnaire to distribute to each participating
nation’s S&T community to gather summaries
of existing computational models and modeling
capabilities related to blast injury research. At
the conclusion of the three-day meeting, the TT
members successfully developed an outline of the
Framework.
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In July 2017, the HFM-270 (RTG) TT members
gathered in Porton Down, UK to review the
computational models and modeling capabilities
collected by each of the participating nations.
Again, local government, academia, and industry
SMEs from the UK briefed the TT members on
computational modeling of blast injury research.
Over the course of the meeting, the TT members
developed assessment criteria to assess the
collected computational models for inclusion in
the Framework.
The next HFM-270 (RTG) meeting is scheduled
for November 2017 and will be hosted by the
Dutch TT members in Rijswijk, Netherlands.

Photo credit: Justin Connaher/U.S. Air Force

Way Forward
Advancements in blast injury prevention and
treatment for Service members require close
collaboration between researchers, clinicians,
engineers, and other stakeholders both domestic
and internationally. By developing official
NATO documents to standardize how data are
collected, coded, and analyzed, the HFM-234
(RTG) continues to lift the barriers to cross-study
comparison with the publication of the guidelines
for conducting epidemiological studies of blast
injury, dictionary of blast injury terms, guidelines
for reproducing blast exposures in the laboratory,
and guidelines for using animal models in blast
injury research.

As a part of this continuing NATO effort,
the HFM-270 (RTG) focuses on developing a
framework for translating scientific information
into the capability to model the mechanisms of
human lethality, injury, and impairment across
the spectrum of blast-related threats, potentially
reducing the time required to develop and field
effective blast injury protection systems.

CHAPTER 3: NATO HFM RESE ARCH TASK GROUP

45

04
CH A P T E R 4:

46

MHS BLAST INJURY
PREVENTION STANDARDS
RECOMMENDATION PROCESS

CHAPTER 4: MHS BIPSR PROCESS

D

oDD 6025.21E assigns to the EA the
responsibility to “provide medical
recommendations with regard to
blast injury prevention, mitigation,
and treatment standards to be approved
by the ASD(HA).” The term “MHS Blast
Injury Prevention Standard” is defined as
a “biomedically-valid description of the
physiologically- or biomechanically-based injury
and performance response of a human to blast
insults.” The standards can range from simple
dose-response curves and injury thresholds
that address single components of blast insults,
such as peak force, to complex algorithms and
computational models that address multiple
components of blast insults, such as force-time
history. Candidate standards include injury
thresholds, human injury probability curves
(HIPC), and injury prediction tools needed to
generate the information for informed trade-off
and risk acceptance decisions by appropriate
decision makers in the RDT&E, medical, and
operational Stakeholder communities across
the DoD Components. These standards
support weapon system HHAs, combat
platform occupant survivability assessments,
and protection system development and
performance testing (Figure 4-1).
Designed to address the above requirement,
the MHS BIPSR Process is the DoD’s first
unbiased, inclusive, stakeholder-driven process
designed to identify and assess the suitability

and applicability of existing candidate standards
and to recommend standards that
meet DoD Stakeholder needs with
a suitable level of validity, rigor,
precision, and confidence.
The BIPSR Process has two major
objectives. The first is to identify
existing biomedically-valid candidate standards
for immediate use by the DoD. The second is to
inform the research community of gaps where
no suitable candidate standards exist. The
BIPSR Process is not a research program and
does not develop new candidate standards. The
BIPSR Process also does not attempt to impose
acceptability or survivability requirements on
the Stakeholder communities; rather, it seeks
to ensure that the DoD uses the best available,
scientifically sound, and biomedically-valid
standards that will protect our Service members
from blast injuries.

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 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

FIGURE 4-1: Blast Injury Prevention Standards Framework
Photo credit (opposite page): Justin Connaher/U.S. Air Force
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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: 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 to include a
literature survey using relevant
keywords, identify 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., doseresponse curve, computational model),
T&E, clinical medicine, and independent
verification and validation (IV&V).
Stakeholder Driven ConsensusBuilding Meeting: A forum for
Stakeholders, the SME Panel, users,
analysts, and candidate standard
developers to discuss the DoD’s intended
uses, gaining context and scope for the
evaluation, and allowing for individual
interviews with developers to gain a
detailed understanding of candidate
standard capabilities and/or profiles.
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The BIPSR Process is initiated by a literature
review that serves two purposes: (1) identify
existing capabilities and standards pertinent
to the injury under evaluation, and (2) 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 rigorous 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 nonadvocacy SME Panel and BIPSR Process team
conduct final evaluations, develop standards
recommendations, and prepare process
improvement recommendations.
Collaboration opportunities are integrated
across the BIPSR Process. As depicted in
Figure 4-2, the BIPSR Process consists of
seven fundamental subprocesses represented
by six pillars supporting an overarching
process.

VII

Develop Recommendations and Evaluate Process

I

II

III

IV

V

VI

Review
Existing
Capabilities

Develop
Data
Collection
Mechanisms

Develop
Evaluation
Criteria

Evaluate
Candidate
Standards

Host
Meeting

Derive and
Execute
Test Cases

FIGURE 4-2: BIPSR Process Pillars
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 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,

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
• Poll the community by issuing a 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 Stakeholders 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 PCO consideration as the
basis for MHS Blast Injury Prevention Standards
• Recommend improvements to the BIPSR Process
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Photo credit: LCpl Amy Phan/U.S. Marine Corps

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 the PCO 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 S&T
communities.
The PCO developed the BIPSR Process via a
series of BIPSR Process Stakeholders meetings,
and obtained ASBREM Committee approval.
The Johns Hopkins University Applied Physics
Laboratory (JHU/APL), a University-Affiliated
Research Center and DoD trusted agent,
supported the PCO 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 FFRDC, supports the PCO in the
execution of the BIPSR Process by working closely
with BIPSR Process Stakeholders and SMEs in the
blast community.
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BIPSR Process Improvements
Seeking to expedite the timeline required for
evaluation of MHS BIPSR Process Blast Injury
Type, the PCO 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 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.

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
complete development of the iBIPSR site is
expected to enhance information sharing
among blast injury experts and support
the PCO’s EA mission to leverage existing
knowledge and foster collaboration among
academia, industry, international partners,
and government organizations by providing
a platform for continuous collaboration
throughout the BIPSR Process.

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, the PCO, and the MITRE team.
Additionally, the iBIPSR capability offers
transparency by capturing and managing
Stakeholder organizations’ knowledge gaps
and needs, and facilitates understanding
through near-real-time communication
among participants. iBIPSR is an evolving
capability. The MITRE team is proving out
the iBIPSR capability through the Auditory
Blast Injury Type and enhancing the iBIPSR
capability by incorporating feedback and

iBIPSR Capability

Blast Injury Research

Technical Expertise

Key Summaries

Browse and add citations

Contribute to discussions
with leading experts

Consider key research
summaries

Review Existing Capabilities

Subject Matter Experts,
Researchers

DoD Stakeholders
Intended Uses

Candidate Standards

Analysis and Reports

Browse stakeholder
intended uses

Assess suitability & applicability
of candidate standards

Review, download,
and discuss reports

Comment on Intended Uses

Evaluate/Recommend

Discuss
Contribute

Analyze and Report

Collaborate
Recommend

Evaluate

DoD Blast Injury
Research Program
Coordinating Ofﬁce,
BIPSR Process Team

FIGURE 4-3: BIPSR Process Supported by the iBIPSR Site
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suggestions received from the Auditory
Focused Stakeholder Committee members and
Auditory SME Panelists.
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 develop and improve site features.
Ultimately, the PCO anticipates that all BIPSR
Process Stakeholders and designated SMEs
will use the iBIPSR capability.

MHS BIPSR Process Blast Injury
Type Prioritization
Through a series of BIPSR Process Stakeholder
Meetings hosted by the PCO, BIPSR Process
Stakeholders categorized MHS BIPSR Process
Blast Injury Types based on specific body
regions that included a total of seven key body
regions and a total of 14 blast injury types
(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 WRAIR report).
To ensure that the needs of the DoD were
being met, 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
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. Through this initial prioritization effort,
the Lower Extremity Blast Injury Type was
identified as the highest priority, and therefore
first, MHS BIPSR Process Blast Injury Type
to be evaluated using the BIPSR Process. To
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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
• 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

date, the Lower Extremity, Spine and Back,
and Upper Extremity Blast Injury Types
have undergone the BIPSR Process, with
final reports completed or in progress. Based
on recommendations by the BIPSR Process
Stakeholders, the BIPSR Process has been
initiated for the Auditory and Dermal Burns
Blast Injury Types.
To make certain that the current needs of
the operational environment and the DoD
are being met, in FY17 the PCO 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.
This reprioritization effort again assessed
the remaining MHS BIPSR Process Blast
Injury Types against the six BIPSR Process
Evaluation Factors that had been developed
and used in the initial prioritization effort
(Table 4-3). Over the course of the effort,
the MITRE team conducted extensive
literature reviews to determine the maturity
of the science and establish the resources

Skull
Fracture
Moderate/
Severe TBI

Mild TBI
Ocular

Head and
Neck Body
Regions

Includes Rib Fracture,
Chest, Internal Organs,
Toxic Gas Inhalation

Auditory
Includes
Tympanic
Membrane
Rupture,
Hearing Impairment

Includes
Vision
Impairment
Includes Oral
and Maxillofacial

Face

Neck

Includes C-spine,
T-spine, L-spine, Sacrum,
Coccyx, and Spinal Cord
Includes Shoulder,
Arm, Clavicle,
Scapula, Elbow,
Forearm, Wrist,
Hand and Fingers

Includes Below the
Hip, Upper Leg, Thigh,
Knee, Lower Leg,
Ankle, Foot and Toes

FIGURE 4-4: Categorization of MHS BIPSR Process
Blast Injury Types by Body Region

required for rehabilitation, performed research to
establish the impact on operational readiness, and
evaluated resources for medical treatment. The
MITRE team also worked with JTAPIC to establish

the relative prevalence and severity of each Blast
Injury Type, and collaborated with medical SMEs
to analyze data on disability percentages. For
each Blast Injury Type, these efforts resulted in a
numerical score for each Evaluation Factor.
In the final step of the exercise, BIPSR Process
Stakeholders provided feedback on the relative
importance of each Evaluation Factor. Using the
MAUT, a score was calculated for each Blast Injury
Type resulting in a recommended rank order.
Next Steps
The PCO plans to share the results of the
reprioritization exercise at the next BIPSR Process
Stakeholder Committee Meeting, and to continue
execution of the BIPSR Process based on their
recommendations.
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TABLE 4-3: BISPR Process Evaluation Factors
Evaluation Factors

Description

Impact on Operational Readiness

The time for a Service member to RTD.

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 QOL.

Disability Percentage

Designated percentage assigned to an injury type when calculating disability
benefits.

Update on Implementation of the BIPSR
Process for MHS BIPSR Process Blast
Injury Types
BIPSR Process Spine and Back Blast Injury
Type
The PCO finalized the BIPSR Process for the Spine
and Back Blast Injury Type, and completed the
related report. Next steps include plans to share
the findings and recommendations with the DoD
S&T Research communities.

BIPSR Process for Upper Extremity Blast
Injury Type
The PCO finalized the BIPSR Process for the Upper
Extremity Blast Injury Type, and completed the
related report. Next steps include plans to share
the findings and recommendations with the S&T
communities.

Photo credit (opposite page): MSgt Scott Thompson/U.S. Air National Guard

BIPSR Process for the Auditory Blast Injury
Type
The BIPSR Process for the Auditory Blast Injury
Type is in progress, and, as noted, is being used as
an exemplar to prove out the iBIPSR capability. As
a 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. In another early step, the
PCO established the Auditory Focused Stakeholder
Committee, thus far comprising 14 members
representing the Army, Navy, Air Force, Marine
Corps, and Department of Veterans Affairs (VA)
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.
CHAPTER 4: MHS BIPSR PROCESS
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The PCO hosted the second Auditory Focused
Stakeholders in October 2016, where the PCO and
the MITRE team provided updates on the BIPSR
Process activities since the first meeting and
shared findings from the Existing Capabilities
Review, including results of the literature review
and interviews with SMEs and DoD Stakeholders,
and analysis of the existing Candidate Standards
identified through these activities.
A key topic presented at this meeting included
the review and analysis of the DoD Stakeholder
Intended Uses and Functionalities for an MHS
Auditory Blast Injury Prevention Standard, which
had been obtained through interviews with the
Stakeholders. Stakeholders stated that an MHS
Auditory Blast Injury Prevention Standard should:
1.
2.

3.

Account for the risk of combined continuous
and impulse noise exposure.
Account for the effects of the timing and
order of exposures of different magnitude and
frequency components.
Be evaluated with new human data on longduration blast exposure.

The MITRE team analyzed these criteria against
the existing Candidate Standards, and presented
the findings at the October meeting. Discussion
during the meeting led the Auditory Focused
Stakeholder Committee to concur 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.
The PCO subsequently supported the assembly
of an 11-member 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.
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The first meeting of the Auditory SME Panel
took place on 19–20 September 2017. During
this meeting, the MITRE team introduced the
SME Panel to the BIPSR Process, described the
SME Panel work effort, provided an overview
of the iBIPSR website, and shared the findings
collected to date as part of the implementation of
the BIPSR Process for the Auditory Blast Injury
Type. After this introduction, the MITRE team
worked with the SME Panel to modify documents
in preparation for the structured evaluation of
the candidate standards. The SME Panel also
discussed a broad range of topics related to
auditory blast injury prevention.
Next Steps
In the next steps of the BIPSR Process, the SME
Panel will evaluate the candidate Auditory Blast
Injury Prevention Standards against the DoD’s
Intended Uses by providing balanced, objective,
and knowledgeable recommendations, and will
capture knowledge and technology gaps identified
in the process. The SME Panel will develop
tailored evaluation criteria, and the MITRE team
will collect information necessary for objective
evaluations from auditory blast injury criteria
developers and owners, and through research. An
RFI posted on FedBizOpps will help ensure that
SME Panelists are aware of the current state of
the science. The MITRE team will continue to
support this effort through ongoing collaboration
with the SME Panelists, research, and interviews
with domain experts.

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 identifying potential SMEs for
interviews. The PCO next plans to engage with
DoD Stakeholders by convening the Dermal Burns
Focused Stakeholders Committee.

Photo credit: PFC Andrya Hill/U.S. Army

Way Forward
In the coming year, the PCO plans to complete
the BIPSR Process for the Spine and Back and
Upper Extremity Blast Injury Types, prove out the
iBIPSR capability using the Auditory Blast Injury
Type as exemplar, initiate execution of the Dermal
Burn Blast Injury Type, and complete the research
activities of the reprioritization of the remaining
MHS BIPSR Process Blast Injury Types. The
PCO anticipates enhancing the iBIPSR capability
to identify the best available scientifically sound
candidate standards to protect Service members
from the entire spectrum of blast injuries.

KEY ACCOMPLISHMENTS
• Completed the research activities of
reprioritization of the remaining nine
BIPSR Process Blast Injury Types
• Held the first BIPSR Process Auditory SME
Panel Meeting, continuing to prove out the
iBIPSR capability using the Auditory Blast
Injury Type as the exemplar
• Initiated implementation of iBIPSR
capability by providing access to BIPSR
Process Stakeholders and Auditory SME
Panelists
• Started proving out the iBIPSR capability,
using the Auditory Blast Injury Type as an
exemplar
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S

ince its creation within the PCO, the
Brain Health Research Program has
supported the EA responsibilities to
disseminate brain health research
and clinical practices information. It has also
facilitated collaboration in neurological and
psychological health research related to blast
injury and promoted information sharing among
researchers and clinicians within the DoD and
across other federal agencies, academia, industry,
and allied nations. In FY17, specific coordination
activities focused on brain health research topics
identified in Public Law 109-163, including:

•

•

•

•

•

•

•

Medical technologies and protocols to more
accurately detect and diagnose blast injuries,
including improved discrimination between
TBI and mental health disorders
Integrated treatment approaches for Service
members who have a combination of TBI and
mental health disorders or other injuries
Improved clinical evaluation and treatment
approaches for blast injuries with emphasis
on TBI and other consequences of blast
injury
The incidence of TBI attributable to blast
injury in Service members returning from
combat
TBI treatment programs that enhance the
evaluation and care of Service members with
TBI in medical facilities in the U.S. and in
deployed medical facilities, including those
outside of the DoD.

•

•

Participate in the medical S&T planning and
review activities of the DoD and its Services
to identify opportunities for collaboration, to
advise on brain health knowledge gaps, and
to ensure that current and future research
adequately addresses the recognized gaps
Serve as a co-principal investigator (Co-PI)/
Associate Director of the CENC supporting
the EA’s role to improve coordination among
the DoD, VA, Department of Health and
Human Services (DHHS), and Department of
Education on research efforts relating to TBI,
PTSD, and other mental health conditions as
identified in the NRAP
Initiate and oversee collaborative research
and clinical efforts on brain health both
within the DoD and across other federal
agencies, academia, and industry
Participate in international research
collaboration activities that address brain
health issues

See Figure 5-1 for a graphic representation of the
Coordinators role.

The Brain Health Research Program is led by
the Brain Health Research Program Coordinator
(hereafter “Coordinator”) who receives direct
support from the PCO. The Coordinator’s
specific duties include:
•

Organize and oversee multidisciplinary
expert panels and State-of-the-Science
meetings to identify brain health knowledge
gaps and recommend medical research and
clinical practices that will close these gaps

Photo credit (opposite page): SSgt Evelyn Chavez/U.S. Air Force

FIGURE 5-1: Brain Health Research Program
Coordinator Role
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EA Representative to Improve Brain
Health Research Coordination Across
the DoD
Due to the multidisciplinary nature of the
neurological and psychological health fields,
research and clinical care efforts are spread
across a wide array of DoD organizations, and
sometimes across multiple offices within a
single organization. These disparate efforts
result in a unique challenge to understand the
big picture of the state of brain health research
and clinical care guidelines across the DoD and
to develop unified, cohesive messaging. The
Coordinator connects these efforts by facilitating
collaborations among DoD organizations and
by helping external stakeholders understand
the numerous components of the DoD actively
involved in neurological and psychological
health research by conducting site visits,
coordinating brain health related inquires, and
acting as the DoD Coordinator for the U.S. Army
Environmental Sensors in Training (ESiT)
Program.

Coordination of Military Relevant
Neuroscience Research
Coordination of military relevant neuroscience
research includes discussion of knowledge gaps,
as well as, review of specific short- and long-term
strategies that organizations are considering
or currently employing to address identified
military knowledge gaps. The Coordinator
participated in meetings with several academic,
industry, government, and DoD organizations.
Once the research strategy and goals of the
organization are identified, the Coordinator
offers insight into the most effective avenues
to collaborate with USAMRMC, providing
direction as to which USAMRMC organizations
and/or funding agencies best align with the
organization’s mission and goals. In addition
to face-to-face site visits, the Coordinator
communicates with internal and external brain
health stakeholders through email and telephone
conversations.
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Coordination of Responses to Brain
Health Inquiries
Due to the emotionally charged content and
highly politicized environment surrounding
brain health related topics, the DoD
receives frequent inquiries for information
regarding brain health related topics such
as environmental sensors; blast-induced
mTBI; and neurodegeneration, to include
Alzheimer’s disease (AD) and chronic
traumatic encephalopathy (CTE); from DoD
leadership, congressional representatives,
and external media sources. The Coordinator
facilitates coordinated responses to these
inquiries ensuring that a holistic and unified
response incorporating information from
across DoD components is disseminated to
DoD leadership and external stakeholders. For
example, the Coordinator played an integral
role in coordinating responses to inquiries
from National Public Radio, congressional
representatives, and CBS 60 Minutes.

Environmental Sensors in Training
Research conducted within the ESiT Program
components includes studies investigating the
association between acute blunt and/or blast
exposures and neurological effects as measured
through neuroimaging, cognitive performance,
self-reported symptoms, eye tracking, vestibular
assessments, and blood biomarkers. (See Chapter
7 for specific accomplishments from research
conducted by ESiT Program components). In
addition, the ESiT program aims to explore the
potential link between chronic environmental
exposure and neurodegeneration by investigating
the association between performance
decrements and environmental exposure to
blasts over the course of a Service member’s
career. The Coordinator has been designated
as the DoD Coordinator for the ESiT Program,
in this role he facilitates communication among
ESiT Program components to ensure that the
Program’s goals and findings are disseminated
to DoD leadership and external stakeholders in
accurate, timely, and unified messages.
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Identifying Brain Health
Knowledge Gaps and Formulating
Recommendations
The Coordinator supports the EA’s
responsibility to identify knowledge gaps and
make research and clinical recommendations
across the fields of neurological and
psychological health through participation
in expert panels, advisory boards, steering
committees, and SoS meetings, and as a voting
member on S&T planning and review activities.

Providing Subject Matter Expertise to
Advisory Boards and Expert Panels
In order to ensure that identified military
knowledge and research gaps in the area of
brain health are addressed, the Coordinator
participates in a number of expert panels,
steering committees, and medical and
scientific advisory boards, both within and
outside the DoD. The Coordinator participates
as a member of the Medical Advisory Board
for the General Electric (GE)-National Football
League (NFL) Head Health Challenge, the

Scientific Advisory Board for the NCAA-DoD
Grand Alliance: Concussion Assessment,
Research, and Education (CARE) Consortium,
the newly formed NFL Scientific Advisory
Board, the Interagency Working Group on
Medical Imaging, and the expert panel for the
Congressionally Directed Medical Research
Program’s Linking Investigations in Trauma
and Emergency Services. Additionally,
the Coordinator was an active participant
on the TBI End Points (TED) Government
Steering Committee and served on the
planning committee for the 4th Federal Agency
Conference on TBI to be held in June 2018
in Washington, DC. Along with ensuring
that currently identified research gaps are
addressed, this involvement on advisory boards
and expert panels enables the Coordinator
to develop recommendations for research
directions and clinical practice policies to
expedite the closure of identified brain health
related research gaps.
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Role in International SoS Meetings
The Coordinator plays an active role in the planning
and execution of the PCO-organized International
SoS Meeting series. See Chapter 6 for detailed
information on the International SoS Meeting series
topic selection, planning process, and execution.
Following each International SoS Meeting, the
Coordinator is committed to ensuring that brain
health related recommendations, that are formulated
by the Expert Panel members at the conclusion
of each meeting, are disseminated to researchers,
clinicians, policy makers, and senior leaders both
within and outside the DoD.
The Coordinator actively supports the translation
of findings and recommendations from the
International SoS Meetings into concrete results
that advance our understanding of the association
between repetitive TBI, blast, and neurodegeneration
such as Alzheimer’s disease (AD) and chronic
trauma encephalopathy (CTE). For example,
following the 2015 International SoS Meeting on
“Does Repeated Blast-Related Trauma Contribute
to the Development of CTE?” the Expert Panel
identified a critical knowledge gap: There is a
lack of blast exposed clinical tissue, with wellannotated medical and blast exposure histories,
62
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Additional information on DoD initiatives related the
creation and maintenance of brain tissue repositories
was published as a short communication in the
Journal of Neurotrauma supplement issue entitled,
“Blast-related Trauma and Chronic Traumatic
Encephalopathy” (http://online.liebertpub.com/toc/
neu/34/S1).

available for neuropathological analysis. This
finding led to the Expert Panel’s highest priority
recommendation, to create a coordinated brain bank
and tissue repository system with a robust plan for
donation of clinical specimens that are annotated
with medical and blast exposure data that would
enable exploration of the relationship between CTE
neuropathology and risk factors or clinical features.
To address this recommendation, the Coordinator is
involved in DoD initiatives such as the Brain Tissue
Repository (http://www.researchbraininjury.org)
at the CNRM at USUHS and the joint DoD and VA
CENC Brain Tissue Biorepository (https://cenc.rti.
org/About/Donate-Your-Brain) (Table 5-1). Both
initiatives have made strides in increasing the level
of clinical tissue available to researchers, thereby
facilitating the advancement of research aimed to
determine the associations between blast, TBI, and
neurodegeneration.

TABLE 5-1: Detailed Information on Brain Repositories
Center for Neuroscience
and Regenerative
Medicine (CNRM) Brain
Tissue Repository

Veterans Affairs-Boston
University-Concussion
Legacy Foundation
(VA-BU-CLF) Brain Bank

Veterans Affairs Chronic
Effects of Neurotrauma
Consortium (VA-CENC)
Brain Tissue Repository

Establishment

Established in 2010 at USUHS
in Bethesda, Maryland, through
funding from the DoD.

The VA-BU-CLF Brain Bank
was established in 2008 at the
Edith Nourse Rogers Memorial
Veterans Hospital in Bedford,
Massachusetts, the brain
bank moved to Department of
Veteran Affairs (VA) Boston
Healthcare System in 2016

The VA-CENC Biorepository
was established in July
2016 at Department of
Veteran Affairs (VA) Boston
Healthcare System

Mission

Through the repository,
scientists and physicians will
use innovative approaches
to better understand TBI in
Service members and how to
care for our military personnel
after a head injury.

To collect and study postmortem human brain, eyes
and spinal cord tissue from
individuals exposed concussive
and subconcussive injury
or blasts in order to better
understand the acute and
long-term effects of repetitive
mild or blast trauma on the
human nervous system, and
to develop biomarkers and
effective treatments.

To collect and study postmortem human brain, eyes
and spinal cord tissue
from military Veterans
exposed concussive and
subconcussive injury or
blasts in order to better
understand the acute and
long-term effects of repetitive
mild or blast trauma on the
human nervous system, and
to develop biomarkers and
effective treatments.

Population

Military Service members, with
and without blast exposure.

Professional and amateur
athletes with exposure to
repetitive head impacts,
military personnel or Veterans
with exposure to blast
injury or concussive injury,
civilians exposed to repetitive
concussive or subconcussive
or blast injury

Military Veterans with
exposure to blast injury
or concussive and
subconcussive injury.

Director

Dr. Daniel Perl

Dr. Ann McKee

Dr. Ann McKee

Website

http://www.
researchbraininjury.org/

https://www.bu.edu/cte/
our-research/brain-bank/

https://cenc.rti.org/About/
Donate-Your-Brain

Contact

855-366-8824; or http://www.
researchbraininjury.org/
contact-us

Bobak Abdolmohammadi;
Research Assistant; 617-4141184 bobdolmo@bu.edu; or
Laney Evers: 617-414-1187;
levers@bu.edu

Hannah Gardner: 857-3645694; Hannah.Gardner@
va.gov;
24 hour phone line:
617-276-6023
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Participating in S&T Planning and
Review Activities
Participation of the Coordinator as a SME in
planning and review activities of DoD and
external research programs further supports
the EA’s responsibility to advise on brain health
research gaps. The Coordinator took part in
review activities such as Review and Analysis
and IPR meetings for JPC, including MOMRP,
CCCRP, and CRMRP. His participation on
these various review boards helps to ensure
that recognized blast injury knowledge gaps
are being addressed in current and future
medical research programs. Additionally,
the Coordinator serves on panels that review
research protocols and may evaluate business
practices submitted by internal and external
organizations such as the NIH National
Advisory Neurological Disorders and Stroke
(NANDS) Council. These interactions with
other research organizations, both within
and outside the DoD, have strengthened
relationships and helped to identify future
collaborations in the field of neurotrauma
research.

Although the Brain Health Research
Program Coordinator serves as a SME
on multiple DoD S&T review boards,
the PCO does not provide research
funding in the form of grants or
contracts. See Table 5-2 for a collection
of information and links to collaboration
and funding opportunities across the
DoD provided as a resource to the
research community.
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Disseminating Brain Health
Research Information
National Research Meetings
By attending and participating in high-impact
brain health-related meetings across academia,
industry, and the Military, the Coordinator
monitors cutting edge research developments
and emerging research needs within the
neurological and psychological health fields.
The Coordinator was invited to present at
numerous high impact meetings, which enabled
him to forge and maintain close relationships
with researchers and clinicians from other
federal government agencies, academic
institutions, and industry organizations. In
addition, the Coordinator offers expertise in
research and clinical protocols. For example,
the Coordinator was invited to deliver the
President’s Forum Keynote Lecture at the
inauguration of the NJIT, Institute of Brain
and Neuroscience Research (IBNR), where he
presented an overview of military TBI issues,
highlighted the current state of the science,
discussed longitudinal studies designed to
address knowledge gaps, and provided insights
into DoD collaboration opportunities. He also
presented at the Military Medicine Partnership
Conference and Expo in Ellicott City, Maryland,
in March 2017, where his presentation
elaborated on the role of neurotrauma-related
International SoS Meetings and described
how the meetings foster collaboration among
DoD, federal agencies, academia, and industry;
identify research and product gaps; provide
input and address research requirements; and
act as a forum for stakeholders to share ideas
and insights. These presentations enable the
PCO to facilitate the collaborations that are
essential to develop integrated research and
clinical solutions to brain health needs.

TABLE 5-2: Collaboration and Funding Opportunities Across the DoD
Funding or Partnering
Opportunity

Description

Federal Business
Opportunities
(FedBizOpps)

FedBizOpps is the single government-wide point of entry for federal government procurement opportunities. Using the
FedBizOpps portal, commercial vendors seeking federal markets for their products and services can search, monitor and
retrieve opportunities solicited by the federal contracting community.

DoD Office of Small
Business Programs

Advises SECDEF on all matters related to small business and are committed to maximizing the contributions of small
business in DoD acquisitions. Provides leadership and governance to the Military Departments and Defense Agencies to
meet the needs of the nations’ Warfighters, creating opportunities for small businesses while ensuring each tax dollar is
spent responsibly.

Grants.gov

Grants.gov simplifies the grants management process and creates a centralized, online mechanism to find and apply
for more than 900 grant programs from the 26 federal grant-making agencies. A federal grant is an award of financial
assistance for basic and applied research and development.
To access program announcements from U.S. Army Medical Research and Materiel Command on Grants.gov: search for
”USAMRAA” within “Grant Opportunities” in the search function on the top right hand corner of the homepage.

USAMRMC New Products
and Ideas (NPI)

The New Products and Ideas (NPI) website allows users to showcase their products for review by U.S. Army Medical
Research and Materiel Command SMEs. Submitters receive feedback in as little as 30 days. Some products currently in
use by the military were first introduced through the NPI site.

Broad Agency
Announcement

The U.S. Army Medical Research and Material Command (USAMRMC) funds a broad range of extramural research
programs. Awards can be contracts, grants, or cooperative agreements. Research proposals can be submitted to the
command through the USAMRMC Broad Agency Announcement (BAA), which is continuously open, or through special
USAMRMC BAA Announcements, which are open for limited timeframes. For assistance, please contact the administrator
at usarmy.detrick.medcom-usamraa.mbx.mrmc-baa@mail.mil or call (301) 619-2736.

Medical Technology
Enterprise Consortium

MTEC is a biomedical technology consortium collaborating with multiple government agencies under a 10-year
renewable Other Transaction Agreement with the U.S. Army Medical Research and Materiel Command (USAMRMC).

USAMRMC Office of
Research and Technology
Transfer (ORTA)

The USAMRMC ORTA otherwise known as the Technology Transfer Office coordinates all intellectual property licensing
on behalf of all U.S. Army Medical Research and Materiel Command’s subordinate laboratories from the federal sector to
nonfederal parties.
The ORTA office at each subordinate laboratory coordinates Cooperative Research and Development Agreements
(CRADAs), Material Transfer Agreements, Interagency Agreements, Nondisclosure agreements, and other technology
transfer transactions.

Defense Center of
Excellence (DCoE)
Concept Submission
Program

The goal of the DCoE Concept Submission Program is to gather information and findings from medical, academic,
research and advocacy assets of the military services, the Departments of Veterans Affairs and Health and Human
Services and other federal agencies including research from academic institutions. DCoE is especially interested in
empirically researched products, services and interventions provided through agencies of the federal government.

Brain Trust: Pathways to
InnoVAtion

This annual public-private partnership event is coordinated by the VA Center for Strategic Partnerships and is designed
to foster debate, and facilitate national, partnership-based solutions in the area of traumatic brain injury. The event
is designed to promote forward-thinking dialogue and innovative collaboration among private industry, professional
sports organizations, the Federal government, innovators, scientists, athletes, clinicians, care-givers, and Veterans. For
invitations to future events, please contact BrainTrust@va.gov.

Congressionally Directed
Medical Research
Program (CDMRP)

The CDMRP fills research gaps by funding high impact, high risk, and high gain projects that other agencies may not
venture to fund. While individual programs are unique in their focus, all the programs managed by the CDMRP share the
common goal of advancing paradigm shifting research, solutions that will lead to cures or improvements in patient care,
or breakthrough technologies and resources for clinical benefit. The CDMRP strives to transform healthcare for Service
members and the American public through innovative and impactful research.

Joint Program Committees
(JPCs)

JPCs, which consist of DoD and non-DoD technical experts, make funding recommendations for research and manage
research programs under the DHA R&D Directorate in diverse military medical program areas.
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International Research Collaboration
To continue to facilitate collaboration and
bring awareness to neurotrauma research, the
Coordinator is actively involved in international
research endeavors. He not only served as a
panel leader at the International Brain Injury
Association’s 12th World Congress on Brain
Injury, a congress attended almost 1,000
delegates from more than 50 countries held in
New Orleans, Louisiana, in March 2017, but
he was also selected as an international TBI
expert for the 5th International Consensus
Conference on Concussion in Sport held in
Berlin, Germany, in October 2016. In addition,
at the 14th Annual World Congress for Brain
Mapping and Therapeutics sponsored by the
Society of Brain Mapping and Therapeutics
held in Los Angeles, California, in April 2017,
the Coordinator participated in a panel that
addressed the distinction between TBI and
PTSD, and presented a lecture which provided
background on the DoD’s current progress
regarding TBI biomarkers, highlighted DoD
funded/collaborative research studies, and
articulated future research needs. These
international research presentations support
the EA’s responsibility mandated in Public Law
109-163 to collaborate with other nations to
address blast injury issues of importance to the
DoD.

Representation in Brain Health Public
Awareness Campaigns
In order to publicize the initiatives of the
PCO, the Coordinator represented the PCO
at the 2017 Annual Brain Injury Awareness
Day on Capitol Hill in March 2017. This
event included the Brain Injury Awareness
Fair and a panel discussion entitled “Faces
of Brain Injury: The Invisible Disability
Affecting Children and Adults.” The event
was sponsored by Congressional leaders and
supported by numerous public and private
organizations, including OTSG, DVBIC,
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CCCRP, and the VA. Participation in the event
allowed the Coordinator to reinforce the DoD’s
commitment to providing the best TBI clinical
care, education, and resources for Service
members, Veterans and their loved ones with an
emphasis on timely and sound research to shape
clinical care. Furthermore, in keeping with
the EA responsibilities to make neurotraumarelated research issues the premiere focus and
accelerate collaboration, the PCO developed
a calendar available on the PCO website to
highlight special events occurring throughout
Brain Injury Awareness Month (https://
blastinjuryresearch.amedd.army.mil/index.
cfm/brain_health_program/brain_injury_
awareness_month) in March 2017, as well as,
draw attention to TBI research efforts and the
government and non-profit organizations that
are working to increase awareness, provide
educational material, and advance research and
treatment opportunities for patients suffering
the consequences of TBI. Participation in
public events, such as these, supports the EA’s
responsibilities mandated in DoDD 6025.21E
to communicate with other federal agencies,
representatives of the legislative branch,
members of the public, and representatives
of foreign governments, and provides the
Coordinator with the opportunity to reaffirm or
establish contact with numerous organizations
involved in TBI research, treatment, and policy.

Maintenance of Brain Health Content
on PCO Website
The Coordinator maintains the Brain Health
Program section of the PCO’s public facing
website (https://blastinjuryresearch.amedd.
army.mil/index.cfm/brain_health_program) in
support of the EA’s responsibility to disseminate
blast injury research information. See Chapter
2 for a detailed description of the PCO website.
The Brain Health Program pages include
guidance on ways to collaborate and partner
with the DoD (Table 1-3), information on

Photo credit: A1C Alexander Cook/U.S. Air Force

research forums, consortia, and programs in which
the DoD is actively involved. Furthermore, the
pages are continuously updated with recent news
about brain health research, events, and initiatives
that the Coordinator engages in.

Coordination of Collaborative Research
and Clinical Efforts
The Coordinator promotes collaboration by
engaging with external organizations through
neurotrauma and neurodegeneration related
research and clinical activities. In this role, the
Brain Health Research Program helps federal
agencies work more efficiently and effectively
towards enhancing brain health research and
improving clinical care. See Table 1-3 for details
of DoD research forums, consortia, and programs
supporting blast injury research.

CENC
As a Co-PI/Associate Director for the CENC, a $70
million consortium created in direct response to the
NRAP. The CENC is a multi-center collaboration
linking premier basic science, translational, and
clinical neuroscience researchers from the DoD, VA,
academia, and industry to effectively address the
scientific, diagnostic, and therapeutic ramifications
of mTBI and its long-term effects. The main
objectives of the consortium are to establish the
nature of the association between chronic effects
of mTBI and common comorbidities; determine
whether there is a causative effect of chronic
mTBI on neurodegenerative disease, such as
Alzheimer’s disease, CTE, or Parkinson’s disease;
identify diagnostic and prognostic indicators
of neurodegenerative disease; and develop and
advance methods to treat chronic neurodegenerative
disease. In support of his role within the CENC,
the Coordinator participates in quarterly and
annual project meetings; leadership meetings and
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teleconferences; budget reviews; and studyspecific site visits; providing an essential
DoD perspective to this collaboration. The
Coordinator directly supports the EA mission
to coordinate DoD TBI research among
DoD, VA, and other organizations through
communication, dissemination, and strategic
planning activities.

NCAA-DoD Grand Alliance
The aims of the NCAA-DoD Grand Alliance
are to develop novel evidence-based research
in the natural history of mTBI and to change
the culture of concussion safety to better
serve student-athletes on the field and Service
members on the battlefield. The Coordinator
facilitates collaboration between the DoD
and NCAA through his participation in the
NCAA-DoD Grand Alliance and as a member
of the scientific advisory board for the CARE
Consortium.
CARE Consortium
As part of the broader $30 million NCAA-DOD
Grand Alliance, CARE Consortium is a
prospective, longitudinal, multi-center
investigation that delineates the natural history
of concussion in both men and women by
incorporating:
•

•
•
•
•

a multi-dimensional assessment of
standardized clinical measures of postconcussive symptomatology
performance-based testing
genomic variability and risk factors
biomarkers of injury and trajectory of
recovery
psychological health variables

NCAA-DoD Mind Matters Challenge
The NCAA-DoD Grand Alliance also includes
the NCAA-DoD Mind Matters Challenge
which provided funding to several academic
institutions to focus on two important areas
related to concussion: Changing Attitudes about

Concussions in Young and Emerging Adults (a
research challenge) and Educational Programs
Targeting Young and Emerging Adults (an
educational programs challenge).
In June 2017, the Coordinator was invited to
participate in the NCAA-DoD Mind Matters
Challenge research meeting in Indianapolis,
Indiana. The purpose of the meeting was
to review the progress of the eight funded
research projects, two of which involve military
personnel. During the meeting, participants
discussed unique and shared barriers within
the civilian athletic and military Service
member populations and developed solutions
to extrapolate research findings to non-athletic
concussion populations. The Coordinator’s
participation in meetings such as this improves
the collaboration between the DoD and
external organizations as well as promotes the
partnerships needed to address complex brain
health-related questions.

TED Initiative
The TED Initiative is a joint DoD and FDA
effort in collaboration with academia, industry
leaders, and patient advocacy organizations to
develop better designed clinical trials that will
ultimately lead to the first successful treatments
for TBI. The TED Initiative is a multi-site
consortium that includes various cores focused
on administration, biostatistics, clinical research
and rehabilitation, emerging technologies,
informatics, neuroimaging, and COAs. In FY17,
the Coordinator was an active member of the
TED Government Steering Committee, which
is comprised of military medical and scientific
SMEs with research and clinical expertise in
neurotrauma, as well as representatives from
FDA and industry. In support of this role, in
April 2017 the Coordinator participated in
the 2nd TED Consensus Conference at which
current project progress was presented by each
project core and stakeholders discussed next
steps during a series of breakout sessions. The

Photo credit (opposite page): Patricia Deal/U.S. Army
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Coordinator’s involvement in this study helps to
advance the clinical evaluation and treatment
approaches for TBI and enhance the care of
Service members.

Brain Trauma Evidence-based
Consortium
The Brain Trauma Evidence-based Consortium
(B-TEC) is a collaborative effort among academic
institutions and foundations with the goal
of fostering existing collaborations and new
partnerships among TBI investigators in an effort
to establish evidence-based principles and produce
objective scientific advances in classification,
diagnosis, and treatment of TBI.
In July 2017, the Coordinator participated in the
B-TEC Prehospital Guideline Update Meeting held
in Chicago, Illinois. The purpose of this meeting
was to update the 2nd Edition of the “Guidelines
for Prehospital Management of Traumatic
Brain Injury,” which were first developed in
January 2007. Along with representatives from
the Defense and Veterans Brain Injury Center
(DVBIC) and the Joint Trauma System (JTS),
the Coordinator served as an invited observer to
ensure participants were aware that the guidelines
need to be applicable to and address concerns
in both civilian and military arenas. In August
2017, the Coordinator participated in a meeting
of the concussion subgroup workgroup, led by
B-TEC and sponsored by the CCCRP, to follow up
on previous work completed by the workgroup
in classifying mTBI/concussion using diagnostic
subgroups or constellations of subgroups.

NFL-GE Head Health Challenge
The NFL-GE Head Health Initiative is a multiyear collaboration between the NFL, GE, and
Under Armour to speed the diagnosis and improve
treatment of mTBI by providing clinicians with a
better understanding of brain injury and ways to
treat and mitigate these injuries. The Head Health
Initiative includes three challenge topics, which
are focused on discovering imaging techniques
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to better detect brain injuries, developing
new materials and technologies to protect the
brain from injury and track head impacts, and
stimulating the development of new materials
that provide energy absorbing and dissipating
properties. The Coordinator serves as a member
of the GE-NFL Medical Advisory Board. During
an advisory board meeting they visited the GE
Magnetic Resonance Center and discussed ways
to advance the field of medicine, particularly
neuroimaging, and potential new collaboration
opportunities between the DoD and GE similar
to the partnerships that are currently in place
between the NFL and GE.

Post-traumatic Headache Clinical
Recommendation Research Study
The Coordinator worked to guide clinical TBI
research by acting as a PI on the DVBIC Clinical
Recommendations for Management of Headache
Following Concussion (Post-traumatic Headache
[PTH]) Study. Headaches are one of the most
common symptoms following TBI, and effective
clinical recommendations based on evidencebased research are essential to better care for
Service members and Veterans. As the PI, the
Coordinator provided oversight to the project,
performed site visits, assisted in training research
teams, and met with study investigators to discuss
the current status of the research study, future
plans, and potential collaboration opportunities.
This is an impactful study that will validate the
DoD Clinical Recommendation for Management
of Headache Following Concussion (https://
dvbic.dcoe.mil/material/management-headachefollowing-concussionmild-tbi-guidance-primarycare-management-deployed). Guiding research to
develop evidence based clinical recommendations
supports the EA responsibility to promote
collaboration in neurotrauma research among
researchers and clinicians within the DoD.
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Way Forward
In FY18, the Coordinator will continue to cultivate
and build upon established relationships across the
DoD, other federal agencies, academic institutions,
and industry organizations to facilitate novel
TBI research. Through these interactions, the
Coordinator enhances communication among TBI
researchers, clinicians, and leaders, bringing clarity
to ongoing neuroscience research and providing a
roadmap for both short- and long-term TBI research
initiatives.
The Coordinator continues to chair the Neuroscience,
Neurotrauma, and Neurodegeneration (N3) Working
Group (WG) that was established by the USAMRMC
leadership at the end of FY17. The purpose of the
N3WG is to bring together brain health stakeholders
from diverse USAMRMC organizations to formalize
the process of responding to inquiries from external
stakeholders and senior leaders, ensure that
USAMRMC presents a unified message on brain
health related topics, and provide mutual support
and guidance to USAMRMC TBI stakeholders. The
N3WG will provide a forum to share information
about current brain health research portfolios,

discuss interactions with external stakeholders and
DoD leadership, and examine neurotrauma and
neurodegeneration topics of high public and political
interest to develop recommendations and unified
messaging in anticipation of future requests for
information.
Finally, the Coordinator will continue to support
the EA responsibility to disseminate information,
specifically the state of the science of brain trauma
research findings and recommendations, through
participating in scientific conferences, advisory
boards, and review panels. Specifically, the
Coordinator will continue to play a crucial role in
the planning, execution, and dissemination of the
findings of the PCO’s International SoS Meeting on
“The Neurological Effects of Repeated Exposure
to Military Occupational Blast: Implications for
Prevention and Health” that will focus on the societal
and military concerns around the health impact of
repeated blast exposures experienced in training
operations. The Coordinator will continue working
to guide TBI research efforts towards not only
precision medicine but also precision research.
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n 2009, the DoD Blast Injury Research PCO
established the International State-of-theScience (SoS) Meeting Series on behalf of
the DoD EA for blast injury research. Since
the inaugural meeting, the International SoS
Meeting Series has been a forum for knowledge
sharing, collaboration, and communication across
blast injury research communities. The meetings
stand as a unique and enduring capability that
leverages the world’s vast expertise by bringing
together top researchers and experts from across
the DoD, other federal agencies, academia,
industry, and international partners to share
expertise and cutting-edge research on specific
blast injury topics. Figure 6-1 provides a graphic
summary of the SoS meeting topics.
The key objectives of the SoS meetings are to
determine what is known and unknown regarding
focused blast injury topics and formulate
recommendations for medical research and

other actions that will close knowledge gaps and
enable delivery of timely and effective blast injury
prevention, mitigation, and treatment strategies to
Service members

Meeting Format
The International SoS Meetings follow a unique
format (Figure 6-2) that has proven successful
across a variety of blast injury topics. Early in the
process, DoD stakeholders identify a blast injury
topic. Then, a Planning Committee is assembled
to refine and shape the meeting by, for example,
setting meeting objectives, overseeing a literature
review, and identifying an Expert Panel. The
format during the meeting includes both plenary
and Working Group sessions. Following this, the
Expert Panel convenes to synthesize identified
knowledge gaps and formulate recommendations
designed to advance the state of the science and
improve protection and care for blast-exposed
and blast-injured Service members.

FIGURE 6-1: International SoS Meeting Topics

2009

2010

Non-Impact, Blast-Induced Mild
Traumatic Brain Injury

2011

Blast Injury Dosimetry

2015

Does Repeated Blast-Related Trauma
Contribute to the Development of Chronic
Traumatic Encephalopathy?
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Blast-Induced Tinnitus

2016

Minimizing the Impact of Wound
Infections Following Blast-Related
Injuries

2014

Biomedical Basis for Mild Traumatic Brain
Injury Environmental Sensor Threshold Values

2017

The Neurological Effects of Repeated
Exposure to Military Occupational Blast:
Implications for Prevention and Health
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Pre-Meeting Activities

and policy experts chosen from DoD, other
federal agencies, academia, and industry, who
examine the topic from diverse perspectives.
Over approximately eight months, the Planning
Committee meets regularly to shape the focus of
the International SoS Meeting and develop the
following meeting elements:

Organizing each meeting is a substantial
undertaking, requiring months of pre-meeting
planning and post-meeting follow-up work (Figure
6-2).
Topic Selection
By design, International SoS Meetings are focused
on specific blast injury topics that are
of considerable interest and significance to
the DoD. Early in the planning process, DoD
stakeholders from medical and non-medical
communities are polled for potential blast injury
topics. After this list is compiled, DoD stakeholders
vote for those blast injury topics that they consider
the most important and believe would stand to
benefit from an International SoS Meeting. The
role of DoD stakeholders is vital to ensure that the
most pressing blast injury topics to the DoD are
identified and addressed.

•

Meeting Title: After DoD stakeholders select
the topic, the Planning Committee works to
focus and refine the meeting title

•

Meeting Objectives: The Planning Committee
develops meeting objectives which set the tone,
direction, and goals for each meeting

•

Literature Review: Before each meeting,
the Planning Committee commissions the
preparation of an extensive literature review
that is distributed to all participants prior
to the meeting to familiarize them with the
current state of knowledge on the identified
blast injury topic. The Planning Committee
shapes the literature review by providing input
and guidance at key steps (e.g., search terms,
search strategy) prior to literature review
completion.

Planning Committee
The Planning Committee plays an essential role
during the pre-meeting phase. After the topic
is defined by DoD stakeholders, a Planning
Committee is assembled based on the identified
topic area. The Planning Committee includes
SMEs, research program managers, clinicians,

• DoD Stakeholders
identify topic
• Planning Committee
shapes meeting
• Conduct literature review
• Assemble diverse
participants

Expert panel

POST-MEETING

MEETING

PRE-MEETING
Opening Plenary
“Setting the Stage”

• Define requirements
• Frame the problem

Working Group Sessions
• Answer set of
predetermined
questions

• Publish proceedings
• Transmit findings to
Blast Injury Research
Program planners

• Review current and
future solutions

Stimulate discussion

Challenge
assumptions

• Synthesize working
group findings
• Identify knowledge
gaps and make
recommendations

FIGURE 6-2: Overview of International SoS Meeting Process
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•

Working Group Questions: The Planning
Committee develops a set of questions designed
to address the objectives that will be addressed
in Working Group sessions during the meeting.

•

Expert Panel: This Panel comprises
distinguished scientists, engineers, clinicians,
and military experts who are leaders in their
fields and recognized authorities on the
blast injury topic. The Planning Committee
nominates and selects an Expert Panel
made up of five or six SMEs, who have key
responsibilities during and after each meeting.

•

Abstract Selection: The Planning Committee
reviews and scores abstracts submitted for the
meeting based on clearly defined criteria. This
process is used to determine which abstracts
will be accepted to be presented at the meeting
and which of those will be invited to give a
poster or oral scientific presentation.

•

•

Meeting Presenters: The Planning Committee
shapes the plenary sessions by identifying
potential keynote and topic presenters and
selecting scientific presenters from submitted
abstracts
Meeting Participants: The Planning
Committee helps promote each meeting
and ensures involvement from military and
other stakeholder communities (medical,
operational, and materiel development), and
multidisciplinary SMEs from the DoD, other
federal agencies, academia, industry, and
international partners

Meeting Activities
Plenary Session
During the initial plenary session, the stage is
set whereby the topic is framed, the scope of
the problem is defined, and the current state
of the science is discussed through a series of
keynote, topic, scientific, and poster presentations.
Throughout the two-day plenary session, the
multidisciplinary Expert Panel is charged
with challenging assumptions and stimulating
thoughtful discussion.

Working Group Sessions
Following the plenary session, meeting participants
are divided into Working Groups with each
Working Group composed of individuals with
diverse expertise. Over the next two days, the
Working Group participants engage in deliberations
led by the Expert Panel members. During these
sessions, participants work to answer a set of
questions developed by the Planning Committee.
The findings and insights from these sessions are
documented and are the basis for formulating
specific and actionable recommendations.
Keynote presentation – Invited presentation that opens
and sets the stage for each International SoS Meeting
Topic presentations – Invited presentations that
provide background on selected aspects of the blast
injury topic. In addition to framing the topic, these
presentations also define the scope of the problem.
Scientific presentations – Invited scientific
presentations based on submitted abstracts. These
presentations cover the state of the science for blast
injury topics.

Post-Meeting Activities
Following the conclusion of the meeting, the Expert
Panel convenes in closed session to identify major
themes that emerged during the meeting, synthesize
the relevant findings, identify knowledge gaps, and
make recommendations. This process considers the
major discussion points and key ideas that recurred
throughout the literature review, keynote, topic
and scientific presentations, poster sessions, and
Working Group sessions.During the post-meeting
phase, the proceedings and recommendations
from the meeting are documented in a report
that is disseminated to all blast injury research
stakeholders and is made publicly available on the
PCO website at https://blastinjuryresearch.amedd.
army. mil/index.cfm/sos.
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2015: Does Repeated Blast-Related
Trauma Contribute to the Development
of Chronic Traumatic Encephalopathy
(CTE)?
Blast-related injury is a potential threat to the
health and performance of Service members.
Repeated exposures to blast-related TBI may
induce long-term neurodegeneration and chronic
medical needs. Questions about the potential
association between head injury and CTE have
been raised amidst brain health concerns for
military and contact sports populations. To
address these questions, the PCO with support
from Booz Allen Hamilton, Inc., organized the
2015 International SoS Meeting on the potential
relationship between blast-related trauma and
CTE. A full report on this meeting was published
in the the FY15 Report to the Executive agent
and can be found on the PCO website at https://
blastinjuryresearch.amedd.army.mil/index.
cfm/sos/does_repeated_blast-related_trauma_
contribute_to_CTE.

Post-Meeting Activities
Publications
In FY17, the literature review, research
presentations, Working Group summary, Expert
Panel recommendations, as well as several

original invited research articles including a
short communication on brain banks and tissue
repositories, were published in the Journal of
Neurotrauma as a supplement issue entitled,
“Blast-related Trauma and Chronic Traumatic
Encephalopathy” (Figure 6-3). (http://online.
liebertpub. com/toc/neu/34/S1)

2016: Minimizing the Impact of Wound
Infections Following Blast-related
Injuries
Pre-Meeting Activities
Topic Selection
In 2016, DoD stakeholders ranked the proposed
topics with wound infection coming out on the
top. They selected wound infection considering
that blast injury is the leading cause of morbidity
and mortality resulting from war, and wound
infections following these injuries are among the
most important contributors to these outcomes
(Eardley et al. 2011). An estimated one quarter
of combat wounds become infected, which has
a significant impact on patient outcomes and
healthcare costs (Hospenthal and Murray 2011).
Several studies have reported increasing rates
of nosocomial infections as Service members
experience prolonged hospitalization and
progress through higher echelons of care (Burns
et al. 2012, Johnson et al. 2007, Kaspar et al. 2009,
Keen et al. 2010, Mende et al. 2014, Mody et al.
2009, Murray et al. 2011, Petersen et al. 2007,
Sheppard et al. 2010, Wallum et al. 2015, Weintrob
et al. 2010, Weintrob et al. 2015).
Additionally, combat wound infections from
drug- resistant or multidrug-resistant organisms
have increased in military personnel who served
in Iraq and Afghanistan (Calhoun, Murray, and
Manring 2008, Hospenthal et al. 2011, Murray
2008, Scott et al. 2007, Vento et al. 2013).

FIGURE 6-3: Journal of Neurotrauma Supplement
Issue Based on the 2015 International SoS Meeting
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Planning Committee
The Planning Committee included 26
representatives from the Services, DoD medical
and nonmedical communities, other federal

agencies, academia, and the U.S. Army’s FFRDC,
RAND Corporation. The Planning Committee
developed the following meeting objectives:
•

•

•

•

Determine predictive risk factors for wound
infections following blast-related injuries,
including individual susceptibility and
environmental contributions, from point of
injury through continued hospital care
Identify candidate biomarkers that would
enable rapid and accurate diagnosis,
management, and prognosis of wound
infections following blast-related injuries
Examine prevention strategies, including
vaccines, for mitigating wound infections
following blast-related injuries
Propose strategies that would mitigate the
impact of multidrug resistant, virulent, or
opportunistic organisms on wound infections
following blast-related injuries

Literature Review
To inform meeting participants, Booz Allen
Hamilton, Inc., conducted a review of recent
research literature published between 2006 and
2016 directed at minimizing the impact of wound
infections following blast-related injuries (Figure
6-4). Search terms were generated in collaboration
with the Planning Committee to identify articles
for inclusion. Articles identified through searches
were further reviewed for several elements,
including study design, study population, outcome
measures, results and statistics, conclusions, study
limitations, and recommendations, to determine
whether they directly informed the research
questions or were critical to understanding the
topic. This literature review addresses specific
research questions about:
1.
2.
3.

Predictive risk factors of wound infection
following blast-related injuries
Identification of candidate biomarkers to
advance wound infection diagnosis capabilities;
Emerging prevention and treatment strategies,
including vaccines, in an era of antimicrobial
resistance

FIGURE 6-4: 2016 International SoS Meeting Literature
Review
Literature Review Findings
Risk factors associated with combat wound
infection include injury characteristics, such
as mechanism of injury, severity of injury, and
region of injury. Environmental characteristics
and healthcare-associated exposures, such
as blood transfusions, medical implants, and
delayed antibiotic treatment, also contribute to
increasing risk of infection. Improved approaches
to diagnose and detect infection would promote
better prediction of infection, earlier diagnosis,
earlier treatment application, individually-tailored
treatments, and improved understanding of the
epidemiology of wound infection.
Although CPGs are in place to guide detection
and diagnosis of wound infection, and provide
recommendations for post-injury antimicrobials
and antifungals, debridement and irrigation,
surgical wound management, and facility
infection control measures for implementation
from prehospital field care to regional Role 4
hospitals; limited information is available about
specific diagnostic capabilities across military
treatment facilities. Development of novel objective
biomarkers would enable faster and more precise
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wound infection diagnosis capabilities. National
and international researchers from government,
private, and non-profit organizations are
seeking to develop novel infection biomarker
approaches, including proteins and enzymes,
proteomic analysis, metabolomics, nextgeneration sequencing, biofilm detection,
electrochemical sensors, intelligent wound
dressings, and digital microscopy. In addition,
these organizations are collaborating to develop
new prevention and treatment approaches as
alternatives to antimicrobials, including vaccines,
passive immunological therapy, phage therapy,
antimicrobial peptides, photodynamic therapy,
quorum sensing, nanoparticles, iron chelators,
lectin inhibitors, FimH inhibitors, lactoferrin,
hypothiocyanite, bioengineered tissue, bacterial
gene transfer, probiotics, and plant compounds.
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Challenges posed by the provision of healthcare
in austere environments, increasing nosocomial
transmission, and the emergence of drugresistant infection present capability gaps
in the mission to minimize wound infection
following blast-related injury. To bridge
these gaps, experts have identified various
research needs in three areas. First, basic
science studies designed to achieve a better
understanding of physiological processes
including the pathophysiology of infection and
the host immune response to infection, the
association between biofilms and infection, and
the mechanism of action for existing antibiotics
and immunoprotection. Secondly, studies
focused on the military healthcare system
including continued epidemiological assessment
of bacterial and fungal infection, assessment of
the availability and use of diagnostic techniques
for wound infection, and assessment of the
delivery of antimicrobials following injury
and subsequent infection rates. Third, studies
advancing the development of novel products
or methods enabling new diagnosis, prevention,
and treatment approaches including biomarkers
including biofilm detection methods, new vaccine
candidates, and improved animal models that
more accurately reflect clinical wound infection.

RAND Corporation, a FFRDC, brings an
independent, nonprofit source of highquality, objective analysis to the SoS
meeting process. They provide deep
expertise in areas that directly address
DoD challenges and research areas,
providing a valuable PCO resource for
synthesizing previous research and
planning, facilitating and reporting each
SoS meeting.

Booz Allen Hamilton, Inc., supported all premeeting activities in close coordination with the
RAND Corporation. Following the pre-meeting
phase, meeting support was transitioned to the
RAND Corporation, executing all subsequent phases
of the meeting.

Meeting Activities
The meeting took place from 29 November to
2 December 2016 at the RAND Corporation in
Arlington, Virginia. About 95 participants from
DoD, VA, NIH, academia, the civilian and military
medical research community, and industry attended
the meeting. The agenda consisted of an invited
keynote presentation, topic presentations relating
key background science and policy, selected
scientific presentations, a poster session, concurrent
Working Group sessions, and Expert Panel member
briefings summarizing findings from their Working
Group sessions. Following the meeting, the Expert
Panel reviewed meeting data and formulated
recommendations.
The meeting was a productive opportunity for
the scientific community to engage in intensive,
rigorous, face-to-face dialogue about the knowledge
gaps and requirements for advancing the state of the
science on wound infections following blast-related
injuries.

Working Group Summary
On the second and third days of the meeting,
participants were divided into five Working Groups,
each chaired by an Expert Panel. Each Working
Group discussed and addressed four questions
(Table 6-1) with the aid of a facilitator and note
taker.
Working Group responses were based on the
expertise of their members, findings from the
literature review, and information from the meeting
keynote, topical presentations, and emerging
scientific presentations.
Timeframe descriptors were assigned to identify
when various policy, practice and research
directions should be addressed. Short-term
recommendations were defined as being actionable
immediately or within 12 months, intermediateterm recommendations were defined as actionable
between one to five years, and long-term
recommendations were defined as actionable in six
or more years.
Working Group responses are summarized by
question below. The general consensus among the
Working Groups and Expert Panel members was that
there were many more questions than evidence-based
answers in the area of wound infections following
blast injury.

TABLE 6-1: Working Group Questions
2016 International SoS Meeting Working Group Questions
Question 1

How can our understanding of risk factors of wound infections, bacterial or fungal, following blast-related
injuries, be applied to advance prediction, prevention, detection, and treatment strategies?

Question 2

What candidate biomarkers, from either host or pathogen, can potentially enable rapid and accurate
diagnosis, management, and prognosis of wound infections and biofilm formation following blast-related
injuries?

Question 3

What prevention strategies, to include the use of vaccines, can be employed to reduce the incidence of
wound infections across the continuum of care (point of injury to U.S. military hospital setting) following
blast-related injuries?

Question 4

What strategies hold the most promise for the treatment of wound infections associated with blastrelated injuries and what are the challenges in fielding these?
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Question 1. How can our understanding of
risk factors of wound infections, bacterial or
fungal, following blast-related injuries, be
applied to advance prediction, prevention,
detection, and treatment strategies?
Simple visual appearance of the wound has long
been the primary method used to assess the
risk or likelihood of wound infection. However,
the method is often unreliable and otherwise
limited. Therefore, efforts to develop improved
and more reliable risk assessment methods are
essential (intermediate term). First, a standard
nomenclature with clearly operationalized
definitions is needed and should be developed
in collaboration with the JTAPIC Program
(short term). This nomenclature would be a
foundational step toward a uniform and readily
interpretable scientific, clinical, and policy
literature on risk factors. Second, research
is needed to more fully understand unique
aspects of wound microbiology and infections
following blast versus other types of injuries
(intermediate term). Efforts to characterize
how geographic area of responsibility within
the theater of operation, unique patterns of
antimicrobial resistance, the impact of local flora
on infection patterns, and injury susceptibility
patterns are important. Local flora, geography,
environmental factors, and patterns of
antimicrobial resistance are constantly evolving,
and therefore, such studies should be planned in
advance, initiated on arrival to any new theater of
operations, and sustained (intermediate term).
Data from civilian health care settings are likely
to offer limited generalizability to military
medical operations in deployed settings, making
advance planning and research institutional
review board approval for ecologically valid
research studies essential (short term). To
ensure infrastructure for planned studies in
theater, the DoD Trauma Registry must be
sustained, including the Trauma Infectious
Disease Outcomes Study (TIDOS) and the
Military Orthopedic Trauma Registry. These
longitudinal data platforms should also be used
80
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to empirically validate and improve existing
JTS CPGs to better prevent and treat wound
infections after blast injuries and maximize
associated outcomes (intermediate term). These
longitudinal data platforms should also support
research to assess the unintended consequences
of antimicrobial therapies, such as the emergence
of antimicrobial resistant organisms. Third,
the work groups suggested that future research
should also investigate the unique ways that
blast injury affects body and wound physiology,
host microbiome, and associated risk of wound
infection and treatment response (long term).
Question 2. What candidate biomarkers,
from either host or pathogen, can potentially
enable rapid and accurate diagnosis,
management, and prognosis of wound
infections and biofilm formation following
blast-related injuries?
First, Working Groups suggested in response
to this and all of the other questions relating
to wound infection after blast injury that
prompt policy steps are needed to address
recurrent regulatory barriers to the initiation
and completion of clinical investigations in
the theater of operations (short term). This
is particularly important for enabling data
collection on event-related biomarkers and
analysis and knowledge that is generalizable to
the battlefield context and to specific theaters
of operation. Second and related to the first,
Working Groups felt strongly that a point-ofcare diagnostic biomarker system should be
developed. Third, baseline biomarker collections
(effluent, serum, and tissue) should be integrated
into the existing repository in a manner that
can facilitate linkage to clinical outcomes
(intermediate term) and enable a systems biology
approach analysis (intermediate term to long
term). Fourth, a proactively planned research
agenda is needed to ascertain the reliability
of various biomarkers for clinical prediction
and prognostication (intermediate term). Of
particular interest to some was the extent to

Photo credit: SSG Armando R. Limon/U.S. Army

which the presence of biofilms can be used to aid
treatment selection (intermediate term). Fifth,
Working Groups identified long-term research
interests. These included (1) prospective
evaluation and monitoring of host biome in
relationship to onset, course, and treatment of
blast-related wound infections and (2) machine
learning approaches to linking biomarker and
host biome profiles for clinical prediction and
treatment selection.
Question 3. What prevention strategies, to
include the use of vaccines, can be employed
to reduce the incidence of wound infections
across the continuum of care (point of injury
to U.S. military hospital setting) following
blast-related injuries?
First, Working Groups indicated that compliance
with preventive JTS CPGs should be mandatory,
and that senior military leaders should emphasize

CPG performance reporting that measures,
compares, and rewards best guideline practices
(short term). Particular attention is needed to
proper adherence to enhanced infection control
practices and related performance reporting
(short term). Second, research is needed to
examine and improve infection control practices
(short term to intermediate term). Third,
research should prospectively examine the
relationship of specific antimicrobial drugs to
subsequent development of antibiotic-resistant
organisms, delayed wound healing, and other
clinically important outcomes (intermediate
term). Fourth, other wound infection prevention
strategies suggested for future research include
the use of advanced wound care strategies—
e.g., negative pressure wound therapy, phage
lysin, dressings, wound irrigation, topical and
nonantibiotic antimicrobials, and microbicides
(intermediate term). Fifth, the preventive
implications of diet, nutrition, supplements,
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stress, and medications on immune fitness are
largely unknown, and Working Groups felt this
required systematic research examination (long
term). Finally, Working Groups noted that the
preventive role of passive immunotherapy/
vaccines is at best a very long-term research
interest, but perhaps worthy as an aspirational
objective.
Question 4. What strategies hold the
most promise for the treatment of wound
infections associated with blast-related
injuries and what are the challenges in
fielding these?
First, Working Groups indicated the need to
institute policies and processes that will ensure
an expert trauma care workforce, including
expertise in infectious disease aspects of
blast-related would care and ongoing team
training (short term). Second, as in prevention,
compliance with preventive JTS CPGs should be
mandatory, and senior military leaders should
emphasize comparative guideline performance
reporting and best practice incentives (short
term). Third, an essential research direction,
ideally accomplished with industry and FDA
input, is the investigation of various combination
therapies composed of new antimicrobial agents
relying on different antimicrobial mechanisms
(intermediate term to long term). Fourth,
policies and organizational processes should
help to engage, involve, and partner with the
FDA and other regulatory agencies in these
research efforts. This may foster mechanisms
to fast track development and ultimate use for
promising drugs and devices as supported by
scientific studies (intermediate term). Fifth,
policy efforts are needed to ensure that field
clinical investigations can be and are proactively
planned, rapidly implemented, and supported to
regular completion (intermediate term). This can
and should be facilitated through encouragement
of and mechanisms for constructive non-DoD
research partnerships and progressive clinical
research funding. Partnerships and funding will
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advance promising concepts and drive timely
adoption of new clinical practices as supported
by the evidence (short term to intermediate
term). Sixth, Working Groups indicated that
the ultimate goal should be data-driven surgical
(e.g., debridement, irrigation, fracture fixation),
procedural, and antimicrobial treatment
approaches (intermediate term to long term).
To that end, ongoing efforts are needed to
integrate intramural research across research
program areas through the exercise of the
executive coordinating function (short term,
intermediate term, and long term).

Post-Meeting Activities
Expert Panel Recommendations
The Expert Panel developed six key research
and policy recommendations for mitigating the
impact of wound infections following blastrelated injuries (See Table 6-2).

Way Forward
Blast injuries present complex research problems
that cannot be solved in isolation. Since the
inaugural 2009 meeting, the International
SoS Meeting Series has illustrated what can
be realized when diverse medical, operational,
and materiel development communities venture
beyond traditional mission stovepipes, create new
lines of communication, and establish effective
partnerships that leverage the vast expertise
that resides within the DoD and in other federal
agencies, academia, industry, and among our
international allies.

2017: The Neurological Effects
of Repeated Exposure to Military
Occupational Blast: Implications for
Prevention and Health
The next SoS meeting is scheduled for 12-14
March 2018 in Arlington, Virginia (Figure 6-5).
RAND Corporation is organizing and executing
all phases of the meeting.

TABLE 6-2: Expert Panel Recommendations
Expert Panel Recommendations
Recommendation 1

Ensure that proactive plans, policies, procedures, and clinical practice are in place to support
and sustain a “Learning Trauma Care System” that is consistent with a recent IOM report
(National Academies of Sciences and Medicine 2016). One goal should be to seek to improve
theater-specific understanding, prevention, and treatment of wound infections following blast
injuries. In support of this objective, which is consistent with a recent IOM report, policies,
procedures and organizational coordination are needed to permit, encourage and ensure real
time, prospective data collection relevant to wound infection reduction strategies and allow
the assessment of relevant CPG compliance. These efforts must routinely begin on entry to
new theaters of operation.

Recommendation 2

Coordinate—by DoD Directive and all other appropriate regulatory mechanisms—routine
research organizational support for sustained wound infection surveillance and analytic
epidemiology in current and future theaters of operation. Initiate and sustain research upon
entry to any theater of operation. Organizational research support that ensures theaterwide research investigation into wound infections, related therapeutics, and antimicrobial
resistance is necessary for achieving the IOM’s Learning Trauma Care System concept.
Current policy often discourages, delays, or disincentivizes research investigation in theater.
This is essential both to force health protection and to effective military medical care, given
the limited generalizability of civilian trauma and infectious disease studies to the frontline
environment.

Recommendation 3

Develop a proactive, comprehensive research strategy relating to blast-related wound care,
enhanced infection control, and optimal antimicrobial prevention and treatment strategies for
coordinated implementation within current and future theaters of operation.

Recommendation 4

Increase DoD efforts to engage and facilitate FDA involvement in meetings, strategies,
and other efforts to ensure research and development of innovative, integrated therapies
tackling the growing, global problem of antimicrobial drug resistance. Use FDA collaboration
to facilitate industry partnerships relating to antimicrobial drug development. Ironically,
a frequently realized goal of antibiotic treatment is short-term treatment resulting in cure
(in contrast to treatments for many chronic diseases), making it challenging for antibiotic
manufacturers to recover drug development costs. DoD needs these partnerships, but it can
be difficult to engage industry in this area; the FDA is actively involved with addressing this
problem.

Recommendation 5

Implement a system to measure, compare, benchmark, and reward compliance with existing
JTS CPGs pertaining to blast-related injury, such as improving compliance with the JTS
guidelines relating to infection prevention in combat-related injuries (CPG ID: 24) and care of
patients at high risk 48 for invasive fungal infections (IFIs) in war wounds (CPG: 28). Compliance
with JTS CPGs should be essential. Senior DoD leaders must emphasize CPG performance
reporting.

Recommendation 6

Preserve, sustain, and improve the DoD Trauma Registry and related programs (e.g., TIDOS
and the Military Orthopedic Trauma Registry) to improve care and advance military relevant
research relating to wound infections after blast-related injury. The resulting data may be used
to validate and improve CPGs and support needed research.
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•
•

•
•

•

FIGURE 6-5: 2017 International SoS Meeting

Pre-Meeting Activities
Topic Selection
In 2017, DoD stakeholders ranked the topic area
of neurological effects of exposure to military
occupation blast as their highest concern. Their
attention and regard for the topic is due in part
because in recent years, most blast-related
work has focused on the acute and chronic
consequences of combat-related blast injuries.
Increasingly, however, societal and military
concern has arisen around the health impact of
repeated blast exposures such as those incurred
when Service members train and operate certain
explosive weapons systems (e.g., the Carl Gustaf)
or combat strategies (e.g., breaching).
Planning Committee
The Planning Committee includes 35
representatives from the Services, DoD medical
and nonmedical communities, other federal
agencies, academia, and the U.S. Army’s FFRDC,
RAND Army Research Division.
The Planning Committee developed the following
meeting objectives:
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Describe blast exposures that are repeatedly
incurred during military service
Describe the research into the potential
neurological consequences and mechanisms
of repeated blast exposure
Examine strategies for preventing injuries
due to repeated occupational blast
Identify indicators that may be used for early
detection of health consequences of repeated
exposure to blast
Prioritize key research and policy gaps
related to repeated military occupational
blast exposure and projects and initiatives to
address them

Literature Review
To inform meeting participants, RAND
Corporation initiated a review of recent research
literature directed at the neurological effects of
repeated exposure to military occupational blast.
Search terms were generated in collaboration
with the Planning Committee and searches
were performed of web-based databases of peerreviewed literature or military-relevant reports.
Articles identified through searches were further
reviewed for several elements, including study
design, study population, outcome measures,
results and statistics, conclusions, study
limitations, and recommendations, to determine
whether they were critical to understanding
the topic and directly informed the meeting
objectives.
Working Group Questions
The Planning Committee developed the following
questions, which will be answered by the Working
Groups during the meeting.
•

•

What is known about repeated occupational
blast exposure incurred during military
service?
What is the scientific evidence relating
to the neurological health effects of these
exposures?

Photo credit: SGT Juan F. Jimenez/U.S. Army

•

•

What are the promising strategies for
preventing injuries due to repeated
military occupational blast exposure?
Are there promising indicators that may
be used for early detection of health
consequences of repeated military
occupational blast exposure?

Meeting Activities
The 2017 SoS meeting is scheduled for 12-14
March 2018 in Arlington, Virginia. Similar
to previous meetings, the meeting will
include plenary sessions with key topic and
scientific presentations, poster sessions,

and Working Groups led by Expert Panel
members. Afterwards, the Expert Panel will
meet to synthesize the findings and develop
recommendations related to the neurological
effects of repeated exposure to military
occupational blast. RAND Corporation will
integrate these recommendations into a
detailed report that summarizes the meeting
proceedings and findings. As with all previous
proceedings, the final report will distributed to
key stakeholders and made publicly available on
the PCO website at https://blastinjuryresearch.
amedd.army.mil/.
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T

he PCO’s 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, the PCO requested
data from DoD organizations engaged in
medical and nonmedical blast-related research
that occurred in FY17. The PCO received
over 150 responses from 84 organizations,
summarized in the chapter that follows. These
accomplishments are 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 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. Also
researchers are collating clinical and theater
data to analyze blast threats and assess PPE
performance. The acquired data are being
used to better 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.

Photo credit (opposite page): Gregory Gieske/U.S. Army

Vehicle Improvement Studies
Investigating Welding Techniques to
Mitigate the Effects of Underbody Blast
Program Managers at Armored Fighting
Vehicles (PM AFV), part of the Program
Executive Office Ground Combat Systems
(PEO GCS) (Warren, Michigan), has challenged
its S&T contractors to design for mitigation of
injuries on increasingly larger blasts. General
Dynamics Land Systems (Sterling Heights,
Michigan) responded to the challenge by
investigating the use of explosively bonded
strips to join a steel lower hull to the aluminum
upper hull of a Bradley Fighting Vehicle.
Researchers then blasted the hull in various
locations to test the explosively bonded joint.
The asset suffered extensive damage after
a blast was centered on the crew area, and a
second blast targeted on the engine bulkhead,
the asset suffered extensive damage. Visual
inspections revealed that almost every weld
on both the upper and lower hulls had cracks;
however, at no point did the explosively
bonded strip show any signs of separating.
Hull structural integrity is a key component
in minimizing or preventing blast injuries.
These test results indicate that the explosively
bonded strip was the strongest joint on both
the aluminum and steel halves, and a viable
method for joining dissimilar metals for combat
vehicle applications.
This effort was funded by PEO GCS. The award
(W56HZV-15-C-0134) was administered by
Defense Contract Management Agency Detroit.
Improved Under Vehicle Threat Protection
During FY17, researchers within the Product
Manager (PdM) Combat Engineer/Material
Handling Equipment (CE/MHE; Warren,
Michigan) began developing an improved
under vehicle threat protection for the
family of all terrain cranes Type II Heavy
Crane (T2HC). The T2HC’s unique features,
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including its lift capacity and deployability within
convoys, make it a natural target by opposing
forces. To improve crew survivability from under
vehicle threats PdM CE/MHE partnered with
the Tank Automotive Research, Development,
and Engineering Center (TARDEC) Center for
System Integration (CSI; Warren, Michigan) team
to explore cost-effective blast mitigation options,
while being mindful of the weight restrictions
on the axles of the T2HC. The first phase of the
program, Modeling and Simulation, leverages the
T2HC cab height to improve survivability with a
structure that minimizes the blast loads to the cab
and crew. The Modeling and Simulation designs
focused on materials, shapes, and attachment
points to deflect loads away from the cab and into
the frame of the vehicle, as well as, prevent or limit
a condition where the blast energy would load
up and release into the cab, as depicted in Figure
7-1. The Modeling and Simulation phase will end
the first quarter of FY18 and the team will begin
the prototype build process and conduct testing
to prove the design, which is estimated to last a
year. The crew survivability along with potential
savings shows promise for future development.
This project was sponsored by the Project Manager
Force Projection (PM FP) within the Program
Executive Office Combat Support and Combat Service
Support (PEO CS&CSS).

FIGURE 7-1: Computer-Aided Design (CAD) design to improve under
vehicle threat protection for the T2HC. (Figure used with permission
from the authors)

Photo credit (opposite page): SSG Justin Silvers/U.S. Army

Development of an Advanced Vehicle Hull
Design
Explosive blast is a leading cause of TBI among
Service members in modern conflicts. In particular,
blast-induced TBI is often sustained as a result of
an underbody explosion, as many TBI sufferers
are occupants of vehicles targeted by improvised
explosive devices (IED) buried under roadways.
Recent improvements in military vehicle design have
successfully protected occupants against BOP after
underbody blast (UBB), but fail to address the effects
caused by UBB-induced hyperacceleration.
An interdisciplinary team of researchers at the
University of Maryland Schools of Engineering
and Medicine (Baltimore, Maryland) used their
rodent model of UBB-induced TBI to elucidate the
pathophysiology of TBI caused specifically by UBB
hyperacceleration. Using a small-scale model of
UBB, the team demonstrated that blast-induced
gravitational forces (G-forces) alone can cause TBI;
biochemical, histologic, and magnetic resonance
imaging (MRI)-based measurements indicate that
cerebrovascular damage, neuroinflammation,
and loss of neuronal synapses contribute to UBBinduced TBI in a G-force dose-dependent manner.
The researchers are now testing the hypothesis
that altering the vehicle frame design to reduce
the energy transferred from the blast to the animal
will mitigate blast-induced neuropathology and
behavioral deficits. One very effective approach is
the incorporation of light, thin-walled aluminum
cylinders coated with polyurea within the vehicle
frame. The elastomeric polyurea absorbs UBB
forces, resulting in a 90 percent reduction of the
G-force experienced by the animal. At normally
lethal G-forces, this elastomere-based vehicle design
eliminates mortality and dramatically reduces
TBI, as demonstrated by a reduction in apoptotic
cell death and markers of inflammation, as well
as protection against synapse loss and deficits in
behavioral performance (Figure 7-2).
This research has provided the first direct
insight into the pathophysiology of TBI caused by
hyperacceleration from UBB, utilizing the first
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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FIGURE 7-2: Increased perivascular immunoglobulin G (IgG) effusion in the brain post-blast and by incorporation of polyurea-coated cylinders. A.
Representative microscopic images exhibiting IgG immunoreactivity in different brain regions at 24 hours post-blast or post-Sham blast. Scale bar
is 50 μm. B. Quantification of the percentage of the cerebral cortex area that was immunopositive for IgG. There was a significant, 700% increase
in rat cortical IgG immunostaining following blasts generating 2300G compared to sham animals (**p < 0.01, n=5) and a 100% increase compared to
the area present following blasts with vehicles that incorporated polyurea-coated cylinders (*p < 0.05; n=6). (Figure used with permission from the
authors)

animal model of TBI resulting from under-vehicle
blast. Future work will focus on further refinement
of vehicle hull design, to aid in the development
of the next generation of blast-resistant military
vehicles.
This research was funded by the Psychological Health
and Traumatic Brain Injury Research Program
(PH/TBIRP), that is strategically aligned with the
Combat Casualty Care Research Program (CCCRP).
This award (W81XWH-13-1-0016) was managed by
CDMRP.

Advances in vehicle design to mitigate
hyperacceleration after under-vehicle
blast could significantly reduce the
incidence and detrimental effects of
brain injury experienced by Service
members.
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Live Fire Testing on the Joint Light Tactical
Vehicle to Assess Mitigation Capabilities from
Mine and IED-Related Blast Effects
Research conducted at the PEO CS&CSS, Joint
Project Office for the Joint Light Tactical Vehicles
(JPO JLTV at TACOM in Warren, Michigan),
demonstrated that the JLTV Program met all blastrelated occupant protection threshold requirements
during FY17. These comprised Live Fire Testing
from the blast effects of mine and IED-related
threats during the Low Rate Initial Production
(LRIP) Phase. A series of Full Up System Level
tests were conducted against required threat levels
for both the four-door Combat Tactical Vehicle
and two-door Utility Vehicle variants (Figures
7-3 through 7-6). The testing was conducted by
Aberdeen Test Center (ATC) (Aberdeen Proving
Grounds, Maryland) with test results being assessed
by the collocated Army Evaluation Command and
Army Research Laboratory (ARL). In all blastrelated threshold requirement level testing that
assessed levels of occupant blast protection, these
JLTV variant designs proved successful in terms
of protecting occupants from both underbody, side
attack, and under wheel threat events. For a light

FIGURE 7-3: JLTV-Close Combat Weapons Carrier (CCWC) Variant
(Figure used with permission from the authors)

FIGURE 7-5: JLTV-CCWC Variant (Figure used with permission from
the authors)

FIGURE 7-4: JLTV-Utility Variant (Figure used with permission from

FIGURE 7-6: JLTV-CCWC Variant (Figure used with permission from

the authors)

the authors)

tactical vehicle, this represents a leap forward in
underbody occupant blast protection for a system
that also balances a high degree of mobility and high
levels of operational reliability at a low vehicle cost.
A final LRIP Live Fire Test Report in support of the
JLTV Full Rate Production Acquisition Milestone is
under development.

Injury Severity in Mounted Troops Based on
Height and Weight
Armored vehicles were used extensively in both OIF
and OEF by the U.S. military and will continue to be
used in future conflicts involving U.S. conventional
forces. These vehicles often come under hostile
attack during combat operations. Injury outcomes
resulting from hostile attacks provide necessary
feedback that vehicle developers can use to make
equipment changes to enhance safety and prevent
and mitigate future injury. With the announcement
in December 2015 that all roles in the U.S. military
would be open to women, interest has grown in the
role height and weight play in injury outcomes. To
address this issue, JTAPIC (Fort Detrick, Maryland)
and the Navy Bureau of Medicine and Surgery
managed by the Wounded, Ill, and Injured (BUMED
WII) program funded research at the Naval Health
Research Center (NHRC; San Diego, California).

This effort was funded by PEO CS&CSS JPO JLTV.

Fielding of the JLTV will represent
a significant capability increase for
Service members in terms of protected
mobility that features enhanced
deployability, mobility, and vehicle
system reliability at low operational
cost.
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Applying an engineering perspective to
considerations of height and weight of
the Service member could be used to
facilitate further development of armored
vehicle safety upgrades to prevent and
mitigate combat injuries.
The JTAPIC database and the Expeditionary
Medical Encounter (EMED) database were
queried for all mounted Service members WIA
between 2007 and 2014. Armed Forces Medical
Examiner System records were also examined
for all mounted Service members KIA or died of
wounds (DOW).The query resulted in 2,776 WIA
with 13,171 abbreviated injury scale (AIS) coded
injuries and 435 KIA/DOW with 18,029 coded
injuries. Injury severity score (ISS) was determined
for each Service member. Height and weight were
recorded from the Service members’ personnel
records and/or autopsy reports (Clouser, Shaw, et al.
2017). Univariate analyses and chi-square statistics
were used to evaluate differences in height and
weight with injury outcomes. Multivariable logistic
regression was performed to examine associations
between height and weight with casualty status and
each body region, while adjusting for significant
covariates. Multinomial logistic regression was
used to evaluate associations between height and

weight and multi-level injury outcomes (e.g., number
of injuries and ISS). Height and weight were
categorized into 25th, 50th, and 75th percentile for
ease of interpretation and meaningfulness based on
Marine average body sizes (U.S. Army Natick Soldier
Research 2013).
In general, KIAs were proportionally shorter and
lighter than WIAs (Table 7-1). Those in the lowest
and highest quartiles for weight had significantly
higher odds of severe injuries (ISS > 25) than those
in the 50th percentile (Table 7-3). When looking
at injuries by body region, heavier occupants (75th
percentile) had significantly higher odds of thorax
injuries than those in the 50th percentile. Lighter
occupants (25th percentile) had significantly higher
odds of abdominal injuries than those in the 50th
percentile (Table 7-2).
Force Protection Enhancements to the Joint
Assault Bridge
Researchers at the Product Manager Bridging
(Warren, Michigan) are increasing the survivability
of the occupants through force protection
enhancements to the Joint Assault Bridge (JAB)
program. The JAB system includes a launcher
integrated onto a M1A1 Abrams Chassis, where
it launches the Armored Vehicle Launch Bridge
(AVLB). The team designed, modeled and simulated,
built, and integrated Force Protection enhancements

TABLE 7-1: Probability of being KIA (reference = WIA): *Significance at the p < 0.05 level. Adjusted model: height, weight, number of injuries, and
vehicle type. (Table used with permission from the authors)

Characteristic

Adjusted OR

95% CI

Significant?*

≤ 25th percentile

1.13

0.63, 2.05

No

50th percentile

1.0

Reference

≥ 75th percentile

.92

0.54, 1.57

No

≤ 25th percentile

1.43

0.82, 2.50

No

50th percentile

1.00

Reference

≥ 75th percentile

.62

.35, 1.11

Height

Weight
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No

to the JAB system (Figure 7-7). The current
enhancements are based on selected armor from
the Abrams Tank Next Evolution Armor. These
enhancements include updated crew protection;
they were assessed in modeling and simulation of
the crew basket, blast-mitigating seats, footrests, and
blast mats. Indicators are positive for a reduction in

crew injury severity and a future hardware test will
identify the specific reduction in injury severity. The
Force Protections enhancements are scheduled to
enter JAB production in FY18.
This project was sponsored by PM FP within PEO
CS&CSS.

TABLE 7-2: Probability of experiencing more than 3 injuries (reference = 1–3 injuries): *Significance at the p < 0.05 level. Adjusted model: height,
weight, casualty status, and vehicle type. (Table used with permission from the authors)

Characteristic

No. Injuries

Adjusted OR

95% CI

Significant?*

≤ 25th percentile

4-7

1.20

0.94, 1.53

No

≤ 25th percentile

8+

1.02

0.75, 1.37

No

≥ 75th percentile

4-7

1.05

0.86, 1.28

No

≥ 75th percentile

8+

1.01

0.80, 1.29

No

≤ 25th percentile

4-7

1.13

0.91, 1.40

No

≤ 25th percentile

8+

0.94

0.72, 1.23

No

≥ 75th percentile

4-7

0.90

0.73, 1.13

No

≥ 75th percentile

8+

0.96

0.74, 1.24

No

Height (ref = 50th)

Weight (ref = 50th)

TABLE 7-3: Probability of experiencing ISS > 3 (reference = ISS 1–3): *Significance (yes/no) at the p < 0.05 level. Adjusted model included height,
weight, severe event (yes/no), vehicle type. (Table used with permission from the authors)

Characteristic

ISS

Adjusted OR

95% CI

Significant?*

≤ 25th percentile

4-8

1.24

0.97, 1.58

No

≤ 25th percentile

9-24

1.15

0.84, 1.57

No

≤ 25th percentile

25+

1.50

0.98, 2.30

No

≥ 75th percentile

4-8

0.92

0.76, 1.13

No

≥ 75th percentile

9-24

1.01

0.78, 1.31

No

≥ 75th percentile

25+

1.15

0.80, 1.64

No

≤ 25th percentile

4-8

0.90

0.73, 1.12

No

≤ 25th percentile

9-24

0.90

0.68, 1.20

No

≤ 25th percentile

25+

1.49

1.01, 2.20

Yes

≥ 75th percentile

4-8

1.12

0.91, 1.39

No

≥ 75th percentile

9-24

0.90

0.68, 1.19

No

≥ 75th percentile

25+

1.47

1.00, 2.16

Yes

Height (ref = 50th)

Weight (ref = 50th)
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FIGURE 7-7: An AVLB launcher integrated onto a M1A1 Abrams
Chassis (Figure used with permission of the authors)

Occupant-Centric Protection for Military
Ground Vehicles
DoD MIL-STD-3058, Occupant-Centric Protection
for Military Ground Vehicles, was published to
the Acquisition Streamlining and Standardization
Information System (ASSIST) database. ASSIST
is a website used by standardization management
activities to develop, coordinate, distribute, and
manage defense and federal specifications and
standards. Six military performance specifications
were cited within the standard. These standards
documents were created from the multitude of
technical activities conducted for the Occupant
Centric Platform Technology-Enabled Capability
Demonstration (OCP TECD) program from December
2011 - December 2015. The OCP TECD was chartered
by ASA(ALT) S&T Advisory Group/Working Group
(ASTAG/ASTWG) in 2011 to meet the Army’s current
and future capability challenges. The program’s
objective was to provide optimal space allocation for
Service members and their gear, while decreasing
platform weight, maintaining or increasing
maneuverability during full spectrum operations, and

This standard presents occupantcentric design and UBB protection
criteria for Military ground vehicles with
full consideration given to the target
population and their defined equipment to
mitigate the risk of occupant injury.

94

CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS

Photo credit: Justin Connaher/U.S. Air Force

reducing casualties in UBB events. The OCP TECD
delivers four products: the concept for advanced
military explosion-mitigating land demonstrator
(CAMEL), two platform specific demonstrators,
and occupant-centric design standards. The OCP
TECD suite of documents includes standards
and specifications necessary to implement the
occupant-centric design philosophy. The intended
users of these standards documents are the PEO’s;
program managers (PM); research, development,
and engineering centers; defense industry; military
ground vehicle manufacturers; and academia. The
standards may be applied to future new vehicle
acquisitions, legacy system upgrades, modifications
to deployed military ground vehicles, and research
activities related to occupant accommodation and
survivability during an UBB event.

Personal Protective Equipment
Assessment of Marine Corps Body Armor
Systems
At the request of Program Manager Infantry Combat
Equipment (PM ICE), the U.S. ARL completed
an analysis of the protection provided by four
body armor system configurations to evaluate the
performance of the U.S. Marine Corps (USMC)
body-armor systems against threats, which cause
both fragmentation and blast injuries. Modeling and
simulation, as well as live-fire experiments, were
used for this analysis. The primary goal was to better
understand the trade-space between reducing armor
encumbrance and providing protection.

The area of coverage and injury analysis results
across the four body armor systems provided
PM ICE with a baseline characterization against
explosive threats. The impact of the baseline
characterization provides a basis for measuring
changes in protection for proposed future generation
protective systems for these types of threats. This
work may result in follow-on efforts to characterize
future generation protective systems for the USMC.
The potential impact on the Service member is to
ensure the best possible protective equipment is
fielded to meet mission requirements.
This analysis was funded by PM ICE.
The Lyric Device Provides Impulse Noise
Protection while Allowing for Situational
Awareness
Researchers at WRNMMC (Bethesda, Maryland),
evaluated the ability of a commercially available
extended-wear hearing aid, the Lyric device (Figure
7-8), to both mitigate the effects of prior hearing loss,
and prevent additional auditory injury from blast
and impulse noise. Specifically, the researchers are
evaluating if the Lyric device is suitable for Service
members with mild-to-moderate hearing loss for
use in austere operational environments that would
otherwise preclude the use of normal hearing aid
technologies.

The Lyric device has been electroacoustically tested
for impulse noise protection, both with plastic
explosive C4 and with a pneumatic blast tube, and
has been found to provide impulse noise protection
comparable to commonly-used passive protection
earplug devices. Electroacoustic tests in continuous
noise environments, as well as behavioral testing
in 10 subjects using the real-ear-attenuation-atthreshold (REAT) method, suggest that continuous
noise protection is also comparable to conventional
earplug devices. Behavioral testing on listeners
with normal hearing suggests that, in the active
mode, the devices allow external sounds to pass
at frequencies up to 12 kilohertz, which provides
excellent preservation of situational awareness and
localization accuracy comparable to the open ear.
Field studies are now underway to test the devices as
an alternative to conventional hearing aids for active
duty Service members with hearing loss.
The ability to adequately protect military personnel
from noise-induced hearing loss, and to restore
functional hearing performance to those who
already have hearing loss, is a problem of extreme
importance within the U.S. military. This device
could be a key contributor to addressing this issue.
This effort was funded by DMRDP, and is strategically
aligned with MOMRP. This award (W81XWH-14-10254) is managed by CDMRP.

Studies on Repetitive Blast Exposure
Monitoring Blast Exposure while Firing a
Tube-Launched, Optically-Tracked, WireGuided Missile in a JLTV
The JLTV is being developed to replace some
of the services provided by the High Mobility
Multipurpose Wheeled Vehicle (HMMWV) fleet
(Figure 7-9). It will feature scalable armor and
improved missile reloading to support the TubeLaunched, Optically-Tracked, Wire-Guided (TOW)
missile.
FIGURE 7-8: Idealized representation of the placement of the Lyric
device in a human ear. (Figure used with permission from the authors)
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without incurring significant lung injury risk.
This work was funded by the U.S. Army Test and
Evaluation Command (ATEC).

FIGURE 7-9: JLTV. (Figure used with permission from the authors)

To determine the potential risk of injury from
BOP for a live gunner, researchers at the U.S.
Army Public Health Center (USAPHC; Aberdeen
Proving Ground, Maryland) and Redstone Test
Center (Redstone Arsenal, Alabama) estimated
the risk of lung injury from blast generated by
combustion of propellant from TOW missiles fired
from the JLTV. Data were collected in September
2017 from blast test devices located at the gunner,
driver, commander, left rear, and right rear crew
positions while TOW missiles were firing at 20
degrees of elevation under two conditions of
azimuth: 20 and 270 degrees. These data were
sent to the USAPHC and analyzed using the BOPhealth hazard assessment (BOP-HHA) software
version 2.1. This software was developed by
the USAMRMC under a contract with JAYCOR
Corporation (now L-3 Corporation). 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 specimens
to estimate lung injury risk.
The analysis determined that the TOW gunner
can be exposed to blast from more than 1,000
rounds within a 24-hour period without incurring
significant risk of trace lung injury. The results
of this test verified that a live gunner could fire
the TOW missile during the next round of testing
Photo credit (opposite page): SSgt Marcin Platek/ U.S. DoD

Health Hazard Analysis of an M3E1 MultiRole-Anti-Armor/Anti-Personnel Weapon
System
The M3E1 Multi-Role-Anti-Armor/AntiPersonnel Weapon System (MAAWS) is a lighter
weight, more tactically versatile replacement
to the currently fielded M3 MAAWS. To attain
approval for an urgent materiel release, a Health
Hazard analysis was completed to determine the
potential health risks that Service members incur
operating the system.
An analysis conducted by the USAPHC
(Aberdeen Proving Ground, Maryland) HHA
Division estimated the risk of lung injury for
Service members exposed to the blast generated
by combustion of propellant from rounds fired
from the M3E1 MAAWS weapon system (Figure
7-10). Data were collected in April 2017 from
blast test devices located at the gunner and
assistant gunner crew positions and for sixty
different conditions involving combinations
of five types of ammunition, three round
conditioning temperatures, and four firing
postures. These data were analyzed using the
BOP-HHA software version 2.1. This software
was developed by the USAMRMC under a
contract with JAYCOR Corporation (now L-3
Corporation). The BOP-HHA software uses an
algorithm based upon 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 value and information
about injuries from over 1,000 blast exposed
specimens to estimate lung injury risk.
The analysis determined the daily maximum
number of rounds that can be fired without
incurring significant lung injury risk operating
this updated weapon system. It also calculated
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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FIGURE 7-10: Gases exiting rear of MAAWS are evidence of blast
overpressure to which Service members are exposed. (Figure used
with permission from the authors)

quantitative probabilities of lung injury for each
crew position, for all lung injury severity levels.
Analyses will be published by the USAPHC in the
HHA Reports used by Safety and Occupational
Health professionals during the acquisition
process. The results of BOP analysis are included
in standard operating procedures that commanders
use to make evidence-based occupational health
and safety decisions about blast exposures when
planning missions.
Neurotrauma Biomarkers Associated with
Exposure to Low-Level Blast in Military
Training
Human subjects field studies of blast exposure
conducted under a five-year research collaboration
agreement between WRAIR (Silver Spring,
Maryland), Naval Medical Research Center
(NMRC; Silver Spring, Maryland), Applied
Research Associates, Inc., (Albuquerque, New
Mexico), NINDS (Bethesda, Maryland), and
University of Virginia (Charlottesville, Virginia)
included measurement of overpressure with
wearable sensors in conjunction with multiple
outcome measures. These field studies involved
measurements from more than 100 military
Service members who provided their consent to
these measurements during multi day standard
training protocols on explosive breaching. The
primary hypothesis evaluated in these studies
was that there is a measurable acute negative
neurological effect following repeated exposure
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to low level blasts. Importantly, the hypothesized
effect, if present, was predicted to be small
and inconsistent across individuals. A large or
prevalent acute effect was not assumed to be
present in healthy, undiagnosed populations
like the Service members in these studies. The
first results reported showed some blast-related
effects in behavioral symptomatology, specifically,
increased postural sway and symptomology
consistent with concussion, but no clear association
with the blood-based biomarkers for neurotrauma
assayed in those analyses (i.e., ubiquitin carboxyterminal hydrolase-L1 [UCH-L1] and glial fibrillary
acidic protein [GFAP]) (Carr, Taylor, et al. 2015,
Carr, Yarnell, et al. 2015). In subsequent biosample
assay results from an added partnership with the
National Institute of Nursing Research (NINR),
examination of additional biomarkers did reveal
associations with training blast exposure (Gill,
Cashion, et al. 2017, Gill, Motamedi, et al. 2017).
The relatively small associations observed were
consistent with the a priori hypothesis of small
effects among healthy populations exposed to blast.
These novel findings warrant replication to support
definitive conclusions and assessment of clinical
meaningfulness. Replication studies are underway
in a separate effort. Discovery of objective
biomarkers associated with blast exposure will be
an important advance for research capability on
this topic.
This research was funded by Joint Improvised
Explosive Device Defeat Organization via
USAMRMC, and by NINDS and NINR. This research
was strategically aligned with MOMRP and CCCRP.

Internet Applications for Predicting Blast
Damage
Vehicle-born Improvised Explosive Device
Experiments Provide Critical Data for
Analytical Tools that Assist in Post-attack
Forensic Assessments
Researchers at the U.S. Army Engineer Research
and Development Center (ERDC; Vicksburg,
Mississippi), in collaboration with the U.S.

Army National Ground Intelligence Center
(NGIC; Charlottesville, Virginia), ARL (Adelphi,
Maryland), TARDEC (Warren, Michigan), and
NSWC (Indian Head, Maryland), conducted the
Forensic Encyclopedia Program projects, IRON
WARRIOR and RED DWARF, consisting of a series
of experiments designed to provide critical data for
updates/improvements to software comparative
analysis tools, such as the CALDERA Post Blast
Crater Collection and Analysis tool and the VIPER
Tool, a vehicle-born improvised explosive device
(VBIED) Post-Blast Evolution Results tool, used
to assess likely-to-encounter threats in the form
of VBIED attack scenarios. The analysis tools are
used to assist in post-attack forensic assessments
and enable force protection evaluators and planners
to estimate impacts from VBIED threats. Accurate
analysis of VBIED attacks is of high importance
in assisting Service members and senior decision
makers to mitigate future threats and identify
threat techniques, tactics, and planning trends.
The use of fast-running analysis tools to assist with
the rapid assessment of VBIED attacks enhances
the DoD’s ability to quickly emplace systems
and policies to mitigate the effects of subsequent
VBIED attacks, especially those that might employ
similar tactics. Data from the IRON WARRIOR
experiment series was also used for improvements
to algorithms, such as CALDERA and VIPER to
predict responses such as cratering, fragmentation,
and blast damage due to VBIED attack scenarios.
These tools help assess the protective capabilities
and vulnerabilities of civilian and military facilities
when faced with a threat scenario and provide
designers and planners the ability to develop
protection options to mitigate these vulnerabilities.
These projects are sponsored by NGIC.
Blast Standoff Application
Researchers at the ERDC (Vicksburg, Mississippi)
developed the Blast Standoff Application which
provides rapid calculation of recommended
separation/standoff distance needed for a protected
asset against an explosive threat (Figure 7-11). The
application calculates minimum standoff needed

FIGURE 7-11: Opening screen of the Blast Standoff Application
(Figure used with permission from the authors)

for typical base camp assets and explosive blast
events. The application uses data and algorithms
used in other engineering analysis applications,
such as iso-damage curves from ERDC’s AntiTerrorism (AT) Planner and the barrier damage
algorithm from ERDC’s Barrier Damage
Assessment Module (BDAM). The Blast Standoff
Application can be found on the U.S. Army Corps of
Engineers Reachback Operations Center Reachback
Engineer Data Integration Force Protection Portal
(https://erdc-fp.usace.army.mil).
Development of this application was sponsored by the
Deputy Assistant Secretary of the Army for Research
and Technology (DASA R&T) and carried out at
ERDC, Geotechnical and Structures Laboratory.
Barrier Damage Assessment Module
The BDAM is an application that allows deployed
forces to estimate the effects of VBIED’s on
common base camp perimeter barriers (Figure
7-12). The application provides immediate
prediction of breach width for a given barrier
configuration, explosive threat, and standoff
distance. BDAM provides rapid analysis of
explosive effects on typical soil-filled Expedient
Barrier System/HESCO barrier and concrete
barrier configurations indicating whether or
not the barrier is breached, and breach width, if
applicable. BDAM allows base camp planners to
evaluate multiple options and tailor perimeter
protection for specific design threats (Figure 7-13).
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FIGURE 7-12: BDAM application welcome page (Figure used with
permission from the authors)

FIGURE 7-13: Example of BDAM application output (Figure used
with permission from the authors)

BDAM was developed by ERDC (Vicksburg,
Mississippi) under the Force Protection Basing
Science and Technology Objective-Demonstration
(STO-D). A multifaceted approach combining fullscale experimentation, scaled experimentation
in the U.S. Army Centrifuge (Vicksburg,
Mississippi), and computational modeling allowed
the development and validation of fast-running
engineering models within BDAM. BDAM allows
base camp planners to evaluate multiple design
options and tailor perimeter protection for specific
threats to mitigate those effects on the Service
member.
This work was funded by ASA(ALT).
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Simplified Survivability Assessment Overhead
Cover Design Application
Researchers at the ERDC (Vicksburg, Mississippi)
developed the SSA Overhead Cover Design
Application which was completed in November
2016 (Figure 7-14). This application can be used
by the Service member for bunker and shelter
roof design to protect from common indirect-fire
threats. The application calculates protection
against specific weapons based on explosive threat,
soil depth, and stringer spacing. SSA Overhead
Cover Design Application also produces plots of
the spacing of roof support beams versus explosive
charge weight. The procedure is derived from roof
cover systems used in Army Technical Pamphlet
(ATP) 3-37.34. Research to update the SSA
Overhead Cover Design Application was completed
in FY17. A new version of the SSA Overhead
Cover Design Application will be released in FY18.
Updates will allow bunker and shelter roofs to be
designed with a pre-detonation layer above the
protective structure which allows for reduced
materials, time to construct and overall cost.
The SSA Overhead Cover Design Application
provides an alternative to laborious hand
calculations to design bunker and shelter roofs
to protect the Service member from indirect-fire
threats.

FIGURE 7-14: Opening screen of the SSA Overhead Cover Design
Application (Figure used with permission from the authors)

Development of this application was sponsored by
DASA R&T and carried out at ERDC, Geotechnical
and Structures Laboratory.

Models of Blast Injury: Warrior Injury
Assessment Manikin Program
Health Hazard Assessment Using an
Anthropomorphic Blast Testing Device
The objective of this project was to validate and
transition the anthropomorphic blast testing device
(ABTD) for performing BOP-HHA testing and
analysis to the ATC (Aberdeen Proving Ground,
Maryland). This research was performed by L-3
Applied Technologies, Inc. (San Diego, California).
The project team worked in close collaboration
with the testing community represented by the
USAPHC and ATC (Aberdeen Proving Ground,
Maryland), and Yuma Testing Center (Yuma,
Arizona).
The ABTD was field tested by the Southwest
Research Institute (San Antonio, Texas), in
collaboration with L-3 Applied Technologies
(San Diego, California) at relevant occupational
exposure conditions with pressure sensors
mounted at chest level to collect thorax loading
data for blast lung injury assessment. Researchers
at L-3 Applied Technologies completed a
simulation study of potential differences in
collected measurements between BTD and
ABTD for the purpose of lung injury predictions
and updated the normalized work algorithm
incorporated in the BOP-HHA software. A new
Testing Operational Procedure standardized
for the ABTD was included in the L-3 Applied
Technologies Test Operational Procedure Report
for the ABTD for ATEC (Aberdeen Proving
Ground, Maryland) for verification, validation and
accreditation. Product deliverables included: two
ABTDs, validation test data, updated BOP-HHA
software, and the Testing Operational Plan (TOP).
The TOP provides recommendations and best
practices for using the ABTD for assessment of
non-auditory (blast lung) injury from occupational
weapons firings. These will be included in the

complete TOP for the BOP-HHA. The complete
validation data and TOP were provided for
verification, validation and accreditation by the
ATC. The updated BOP-HHA software has also
been provided to USAPHC.
This BOP-HHA addresses an important area of
research into the blast injuries and operational
exposures experienced by Service members.
The ABTD may assist in designing mitigation
techniques for blast injury. MOMRP plans to
continue further development of the ABTD under
different testing scenarios, in conjunction with the
USAPHC and other end users.
This research was funded by PH/TBIRP, and is
strategically aligned with MOMRP. This award
(W81XWH-16-C-0045) is managed by CDMRP.
Human Injury Probability and Corresponding
Injury Assessment Reference Curves
The WIAMan program is conducting a major
biomechanics test program to gather required
information to create injury probability curves
for blast-related injuries. In FY17, the WIAMan
program successfully created two HIPC, and the
corresponding manikin-specific injury assessment
reference curves (IARC), demonstrating the new
advanced injury analysis methods developed by
the WIAMan biomechanics team in partnership
with Johns Hopkins Applied Physics Lab (Laurel,
Maryland), Medical College of Wisconsin

WIAMan is the world’s first ATD purposebuilt for military use in UBB testing of
ground vehicles in LFT&E. These two
WIAMan IARCs will greatly enhance the
injury assessment accuracy of our live-fire
evaluators; driving improved protection
of ground vehicle systems; evaluating
the effects of UBBs on mission-critical
tasks; and quantifying risk to the Service
member.
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(Milwaukee, Wisconsin), Duke University
(Durham, North Carolina), University of Virginia
(Charlottesville, Virginia), University of Michigan
Transportation Research Institute (Ann Arbor,
Michigan), Wayne State University (Detroit,
Michigan), Virginia Tech (Blacksburg, Virginia), and
Ohio State (Columbus, Ohio). The probability curves
are critical analysis tools used in conjunction with
the WIAMan anthropomorphic test device (ATD)
to specify injury mechanisms and the probability of
occurrence of the injury during UBB events. The
injury curves focused on two common UBB injuries:
1) lumbar spine fractures and 2) calcaneus (heel)
bone fractures. The creation of these curves meets
critical schedule goals for the WIAMan program,
and marks the first acceptance of novel injury
assessment tools for the WIAMan Generation 1 ATD.
The WIAMan program will continue executing
biomechanical testing with partner academic
universities to develop a robust and comprehensive
library of HIPC and IARC curves associated
with major injuries in UBB and vertical loading
environments, which significantly improves ARL’s
injury assessment capability for U.S. Army test and
evaluation requirements.
The WIAMan program is funded with Research,
Development, Test, and Evaluation (RDT&E) funding
from Defense Health Affairs (DHA).
U.S. Army Accepts Delivery of Four Next
Generation Test Manikins
The WIAMan Program continued development of
the first human surrogate test device purpose-built
for UBB test scenarios. Leveraging a contractual
relationship with Diversified Technical Systems
(DTS), Incorporated (Seal Beach, California),
the WIAMan program successfully completed
integration, fabrication, and delivery of four
Generation 1 (Gen 1) ATD’s (Figure 7-15). The
WIAMan Gen 1 ATD features an on-board
data acquisition system (DAS), which improves
reliability and significantly reduces cabling. In
addition, modifications to high-priority body
regions, including shoulder/rib structure, femur,
femoral head, knee joint, and chest jacket/flesh,
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FIGURE 7-15: The four WIAMan’s that have been delivered to the
U.S. Army. (Figure used with permission from the authors)

improve overall performance and durability. A
comprehensive test and evaluation effort will
commence immediately at multiple locations, to
include the ARL (Adelphi, Maryland), TARDEC
(Warren, Michigan), ATEC (Arlington, Virginia),
the Johns Hopkins Applied Physics Lab (Laurel,
Maryland), and DTS (Seal Beach, California).
The WIAMan Gen 1 ATD participated in its first
ever developmental UBB test as a ride-along on
an Mine-Resistant Ambush Protected (MRAP)
Dash vehicle in August 2017. The WIAMan Gen 1
ATD sustained no damage, demonstrated humanlike movement during the event, and successfully
captured data using the on-board DAS. The
WIAMan program will continue exploring ridealong opportunities in LFT&E events. Additional
test and evaluation data, at both a component and
system level, will form the body of evidence for
Technology Readiness Level 6 assessment in order to
complete the transition from the S&T community to
Program Executive Office Simulation, Training, and
Instrumentation (PEO STRI) in the third quarter of
FY18.
WIAMan is the world’s first ATD purposebuilt for military use in UBB testing of ground
vehicles in LFT&E. WIAMan is crucial to
improving the protection of ground vehicle
systems; evaluating the effects of UBBs on
mission critical tasks; and quantifying risk to
the Service member.

The WIAMan program is funded with RDT&E
funding from DHA.

WIAMan is the world’s first ATD purposebuilt for military use in UBB testing of

Finite Element Model Development for Next
Generation Test Manikin
The WIAMan program at ARL (Adelphi, Maryland)
continued to develop, evaluate, and apply a
finite element model (FEM) capability for the
WIAMan ATD. The FEM is being developed to
fulfill a requirement of the LFT&E community
for conducting pre-shot predictions and post-shot
analyses of ground vehicles undergoing UBB testing.
The FEM is being developed for both the LS-DYNA
and Velodyne solvers. In FY17, the WIAMan FEM
was used to explore ATD functionality under
laboratory test conditions and was also used within
an FEM of a ground vehicle to simulate its response
to blast-driven LFT&E conditions (Figure 7-16).
The highly detailed FEM performed well under all
conditions, and provided insight on ATD design
and materials, sensor capacity, and its suitability
for use by the LFT&E community. In the second
half of FY17, the FEM was modified to match the
design of the new WIAMan Gen 1 ATD that was
received from DTS in June 2017. The new Gen 1
FEM incorporates all design changes and features
an updated model for the butyl rubber compliant
material used in the cervical spine of the WIAMan
Gen 1 ATD. A verification and validation (V&V)
effort was initiated in preparation for transition
of the FEM in FY18 to US ARL-Survivability and
Lethality Analysis Directorate who will incorporate
it into their underbody blast methodology. A V&V
plan is being prepared to satisfy acceptability criteria
that have been defined through coordination with
the Director, Operational Test and Evaluation; the
ATEC; and ARL. To validate the Gen 1 Technology
Demonstrator FEM, comparisons will be made
between predictions and test data for a range of
loading conditions and severities. The FEM will
be refined based on these results, and the final
version will be available during the second quarter
of FY18. Once the Gen 1 FEM is complete, it will be
used in conjunction with WIAMan IARCs to make
virtual predictions of skeletal injury in UBB loading
conditions.

ground vehicles in LFT&E. WIAMan is
crucial to improving the protection of
ground vehicle systems; evaluating the
effects of UBBs on mission-critical tasks;
and quantifying risk to the Warfighter. The
WIAMan FEM fulfills a requirement of
the LFT&E community for a capability to
conduct pre-test predictions of injury risk
and posttest analyses of ATD response.

FIGURE 7-16: WIAMan FEM showing ATD response to a severe,
blast-driven, vertical accelerative load on the ARL Accelerative
Loading Fixture. (Figure used with permission from the authors)
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The WIAMan program is funded with RDT&E
funding from DHA.

Preclinical Models of Blast Injury
Correlation of Blast Overpressure Exposure
with Brain Injury Severity, Cellular Pathology,
and Types of Tissue Injury across Different
Brain Regions
Blast exposure and related injuries are a significant
threat to the health of Service members in training
environments and in combat, and by extension, a
threat to overall Force readiness. In particular, TBI’s
from blast exposure are a signature injury of the post
9/11 conflicts (Elder and Cristian 2009, Hoge et al.
2008, Moore and Jaffee 2010). Although there exists
a large body of work examining blast exposures
and blunt impact on brain injury, correlations to
the human condition are less well defined. In work
performed at NJIT, the researchers focused on
developing validated master dose response curves
for blast exposure which correlate the biomechanical
properties of blast waves to specific types of injury
on brain tissue in a manner that is independent of
blunt injury. The long-term objective of the work
is to be able to produce an interspecies transfer
function and develop a human Blast Injury Criterion
(BIC) which can be used to assess the risk of brain
injury in humans exposed to blast. The work seeks
to build upon and unify past efforts in blast-related
brain injury by comprehensively assessing blast
injury in a single, specific, and validated shock tube.
Notable findings from the last year highlight
differences in pathological response of the brain in
rats between blunt and blast brain injury (Figure
7-17; Arvind et al. 2017). In work presented at
the 2017 National Neurotrauma Society Meeting
the researchers reported upregulation of the
superoxide producing enzyme, nicotinamide
adenine dinucleotide phosphate NADPH oxidase 1
(NOX1), in a number of brain regions in response to
blast exposure (Chandra et al. 2017). This response
is not observed following blunt brain injury,
suggestive of different oxidative stress responses for
different mechanisms of brain injury. In addition,
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neurodegenerative markers were not observed in
response to blast exposure. Primary blast exposure
caused damage resulting in disruption of the bloodbrain barrier (BBB) at BOP levels associated with all
severities of brain injury. Furthermore, the extent
of tissue injury resulting from blast exposure varied
throughout the brain and was determined by relative
density in neurons, astrocytes, and vascular tissue.
Development of dose-response curves correlating
blast exposure levels to specific types of pathological
findings will inform the development of PPE for
Service members and aid in developing injury
prevention standards.
This research is funded by PH/TBIRP, and is
strategically aligned with MOMRP. This award
(W81XWH-15-1-0303) is managed by CDMRP.

FIGURE 7-17: Immunofluorescence quantification of NOX1 in
blunt induced trauma (FPI) displays a different mode of change in
hippocampus and cerebellum. A limited study performed to make
a comparative account of injury outcome between blast and blunt
TBI shows that NOX1 increased in ipsilateral side of hippocampus
(contralateral side did not show changes) but not in cerebellum
where the injury was induced in the right parietal cortex. These data
strongly suggest that the pattern of injury between blast and blunt
models of trauma differ with regard to pathophysiological outcomes.
Quantification of florescence intensities of NOX1 in hippocampus and
cerebellum. *, p<0.01-0.05. (Figure used with permission from the
authors)

Mechanical/Electrical/Chemical (MEC)
Response of Biological Cells to Blast and Impact
TBI occurs when a primary insult causes brain
deformation resulting in secondary injury and
ultimately neuronal degeneration and death. Data
suggest that injury to the brain is susceptible to both
the strain and strain rate of the insult (Margulies and
Thibault 1992, Margulies, Thibault, and Gennarelli
1990, Meaney et al. 1995). To understand how
altering the rate of injury affects secondary injury,
researchers at the ARL (Aberdeen Proving Ground,
Maryland) cultured primary hippocampal neurons
on silicone membranes and stretched them using the
cell injury controller II (Figure 7-18).
First, two-dimensional (2D) strain tensor of the
membrane, at three different pressures (23, 47 and
63 pounds per square inch), and three different times
to peak (25, 50 and 75 milliseconds), was measured
using digital image correlation (DIC) (Figure 7-19).
Strains increased as either pressure or time to peak
increased. Maximum principle strain rates were
also obtained during the rising part of the strain
waveform. Using these strain rates and interpolating
between these measurements, maximum principle
strain rates were obtained for each pressure and
time to peak used in the experiments (Figure 7-20).
Researchers identified the region of the membrane
with equal-biaxial tensile strain with negligible
shear strain through calculated principal strains.
Only the middle region (8-10 millimeter diameter)
of the membrane experiences equal-biaxial tensile
strain and will be utilized for analysis in cell culture
studies (Figure 7-21).
Second, hippocampi were harvested from embryonic
day 18 (E18) rat embryos, cultured and subjected to
a biaxial stretch of 10 millimeter peak deformation
at three different rates, 10-12 days in vitro (Table
7-4). Structural damage to neurons was assessed
using immunocytochemistry of microtubule
associated protein 2 (MAP2). Qualitative analysis
of preliminary data showed neurons stretched at
three different rates (albeit all relatively low) exhibit
evidence of dendritic beading suggesting that at
low strain rates, 0.2 or above, strains are sufficient

FIGURE 7-18: Cell Injury Controller II device delivers a pressure pulse
to stretch cells adhered to a silastic membrane. (Figure used with
permission from the authors)

FIGURE 7-19: Example images captured from using digital image
correlation every 10 millisecond shows the z-direction displacement
contours. (Figure used with permission from the authors)

FIGURE 7-20: Membrane deformation as a function of pressure.
(Figure used with permission from the authors)
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FIGURE 7-21: Identify the region of the membrane with equal-biaxial
and negligible shear strain through calculated principal strain rates.
Only the middle region (8-10 millimeter diameter) of the membrane
experiences equal-biaxial tensile strain and will be utilized for analysis
in cell culture studies. (Figure used with permission from the authors)
TABLE 7-4: Table denotes the parameters used to stretch cells using
the cell injury controller II. All three levels stretch the membrane to
10-millimeter deformation in the z direction but do so at different rates.
(Table used with permission from the authors)

Pressure
(psi)

Time to
Peak (ms)

Strain
Rate (s-1)

Level 1

60

25

~7.8

Level 2

30

50

~5

Level 3

13.7

75

~3

to induce beading (DiLeonardi, Gunnarsson, and
Weerasooriya 2017). Experiments to visualize
functional deficits are in progress using live cell
imaging to visualize changes to cellular transport
(Figure 7-22).
The objective of this work was to determine
thresholds of cellular injury following controlled
mechanical loading. These thresholds will be used
to create injury criteria which will better inform
numerical models, evaluate future protective
equipment, and provide further insight into
cellular mechanisms of traumatic brain injury, thus
providing a better understanding of the link between
how the load resulting from a blast or impact affects
the brain.
This study was funded by ARL.
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FIGURE 7-22: Immunocytochemistry for MAP2 to visualize structural
alterations of cells revealed injured neurons at all levels exhibited
dendritic beading. (Figure used with permission from the authors)

Morphological Characterization of the Frontal
and Parietal Bones of the Human Skull
Bone specimens were collected from the frontal
and parietal bones of four adult human skulls.
Researchers at the ARL (Aberdeen Proving
Ground, Maryland) characterized regional skull
microstructure using micro-computed tomography
(CT) at about 6-micrometer resolution to map the
change of porosity as a function of the depth, P(d),
from the inner surface nearest to the brain, to the
outer surface nearest to the skin. A quantifiable
method was developed using the measured P(d) to
objectively distinguish between the three layers of
the skull: the outer table, diploë, and inner table.
The thickness and average porosity of each of the
layers were then calculated from the measured
porosity distributions. A Gaussian function was
used to represent the P(d) curves. The Gaussian
parameters were identified through least squares,
and the values indicated the peak porosity and
the relative thickness of the diploë. The results
for total thickness, the thickness and average
porosity of each of the layers, and the Gaussian
parameters were compared between the two bone
types (frontal and parietal), while accounting for
skull-to-skull variability. The primary differences

were that parietal bones generally had a larger
diploë accompanied by a thinner inner table. The
arrangement of the porous vesicular structure
within the outer table was also obtained with
micro-CT scans and longer scan times using
enhanced parameters for higher resolution and
lower noise in the images. From these scans,
the porous structure of the bone appeared to
be randomly arranged in the transverse plane,
compared to the porous structure of the human
femur, which is aligned in the loading direction.
Experimental studies were initiated to understand
the mechanical response of microstructurally
complex and partially porous human skulls.
Understanding the response of animal and human
skulls will also help to understand how the observed
injuries in animal blast experiments relate to injury
in humans, thus helping to develop better Service
member head protection systems for relevant
mechanical loading.

Collectively, these data show that peripheral and
central auditory systems are vulnerable to blast
injury and point to neuroinflammation as a pivotal
contributor to the secondary neuronal damage.
These findings contribute to ongoing efforts by these
researchers to develop strategies for mitigating or
reversing debilitating blast-induced auditory and
vestibular injuries. These results were presented in
a poster at the Society for Neuroscience in November
2017 (Wang et al. 2017; Figures 7-23, 7-24 & 7-25).

These studies were supported by ARL with intramural
funds.
Preclinical Assessment of Blast-induced
Auditory Injuries
Researchers at WRAIR (Silver Spring, Maryland)
are identifying the underlying causes of BOPinduced hearing loss using an advanced blast
simulator (ABS) which produces a high-fidelity
recreation of BOP in the laboratory using a rodent
model. They have found that:
•

•

•

•

Blast shockwaves (17 pounds per square inch)
produced auditory brainstem response (ABR)
threshold shifts that persisted through 28 days
after exposure.
Compared to persistent high frequency (40
kilohertz) hearing loss after blast exposure,
low frequency (8 kilohertz) hearing recovered
quickly.
Appreciable damage to cochlear outer hair
cells (OHC), inner hair cells (IHC), and other
structures in the inner ear was observed.
BOP generated by the ABS causes mild axonal
degeneration and glial cell proliferation.

FIGURE 7-23: Blast shockwave damage to hair cells. Whole mount
cochleae from sham (n=10), BOP (n=7) and BOP*3 (n=7) at 14 days
post-injury were prepared for immunofluorescent examinations with
phalloidin (green) and myosin7a (red) antibodies. Images were taken
under confocal microscopy. (Figure used with permission from the
authors)

FIGURE 7-24: Hair cell counting revealed appreciable blast damages
to OHC. There was no significant change in number of IHC. Compared
to the sham controls, OHC loss showed significantly in the basal
turn of the cochlea in the blast exposed animals. (Figure used with
permission from the authors)
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This research was funded by DMRDP and PH/TBIRP.
The awards (W81XWH-15-2-0024 and W81XWH-162-0002) are managed by CDMRP.

FIGURE 7-25: A Cubic polynomial curve-fits to the early postdiffraction motion to 3 milliseconds; b scaled velocity and acceleration
for the early post-diffraction motion as determined from the curve-fits;
and c kickoff velocity from the diffraction impulse loading as scaled by
sphere density only. (Figure 8 from Wang et al. (2017) is reproduced
with permission from the authors)

Blast-Induced Acceleration in a Shock Tube:
Distinguishing Primary and Tertiary Blast
Injury Mechanisms in Rat TBI
Discerning biomechanical underpinnings is crucial
for an understanding of the etiology and mitigation
of blast-induced TBI. Scientists and engineers at
the WRAIR (Silver Spring, Maryland) are teaming
with blast physics experts to examine the interplay
of blast overpressure and accelerative forces using
an ABS. The ABS is capable of producing high
fidelity IED-like blast waveforms in the laboratory.
This undertaking involves understanding the role
that parameters such as area density (the mass of
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CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS

an object divided by its projected two-dimensional
area), play in the scaling of acceleration and
displacement (i.e., blast throw) resulting from blast
shock waves. Experiments to date on spheres of
varied mass indicate that trajectories for similar
sized objects overlay each other when scaled by
areal density. However, trajectories do not scale
across a range of sphere sizes and the entire mode
of blast-induced acceleration changes with sphere
diameter. For larger spheres, the initial diffractionphase loading dominates, and motion starts with a
brief (less than 150 microseconds) “kickoff” velocity
followed by immediate deceleration with the
passage of the shock front. In contrast, for smaller
diameter spheres acceleration was predominantly
drag-dominated, with deceleration coinciding with
the negative phase of the shockwave. The range of
sphere sizes evaluated spanned the regime where
acceleration was drag-dominated (for smaller
spheres) to diffraction-dominated (for larger
spheres) with a uniformly-applied shockwave
profile having a strong decay with a six-millisecond
positive phase duration. These characterizations
are yielding great insight into scaling issues in
laboratory experiments addressing human blast
injuries as well as into the mechanisms underlying
blast overpressure TBI.
This research is funded by PH/TBIRP. The award
(W81XWH-12-2-0127) is managed by CDMRP.
Pathophysiological Mechanisms Underlying
Nervous System Damage by Blast Exposure
Research conducted at the NMRC (Silver Spring,
Maryland) involves the effect of physical protection
and increased intracranial pressure on the
propagation of shock wave to brain in a rodent
model. During blast exposure there is a direct
transfer of shock wave through the skull to the brain.
These waves can be transmitted from the body to
the brain through blood vessels and cerebral spinal
fluid. This study evaluated the contribution of head
and/or body in transferring blast energy to brain
by measuring intracranial (ICP), arterial (AP), and
venous (VP) pressures in rodents exposed to BOP. In
view of the hypothesis that increasing the cerebral

This research also assessed the contribution of
intensity of BOP as compared to the frequency
of BOP on the resultant cellular impairment in
the cortex. Blast-induced TBI includes a variety
of neuropathological changes depending on
intensity of BOP, such as brain edema, neuronal
degeneration, diffuse axonal damage, and vascular
dysfunction with neurological manifestations of
psychological and cognitive abnormalities. It is
not well understood how the blast-induced brain
injury depends on frequency and intensity of BOP.
To address the relationship between single or
repeated exposure to BOP and the resultant blast
brain damage, animals were exposed to one or three
(multiple blasts were separated by 30 minutes) blasts
at two different intensities (72 and 110 kilopascals).
Immunoreactivities of ferritin, occludin (Occ),
neuronal nuclei (NeuN), AQP4, and 3-nitrotyrosine
were analyzed to determine the effects on blastinduced hemorrhage, BBB integrity, cellular loss,
edema, and up-regulation of oxidative stress in
the frontal cortex. Results to date showed that 110
kilopascal BOP induced a more significant increase
of AQP4 and decrease of NeuN and Occ than
exposure to 72 kilopascal at both single and repeated
exposures. Quantitatively, it also appears that the
animals subjected to single exposures exhibited
similar degrees of damage as animals exposed to
repeated BOPs. These results support previous
findings that the blast-induced neuropathology
depends more on intensity than on the frequency of
BOP (Kawoos et al. 2016). A manuscript describing
some of these findings were published (Gu et al.
2017).

volume (CV) may have a protective effect against
blast (by limiting the relative motion of intracranial
content), the researchers increased CV by internal
jugular vein (IJV) compression and investigated the
resultant protection conferred.
The animals were exposed to BOP (~47 kilopascals)
in a compressed air-driven blast tube with their
body’s orientation parallel (front) or perpendicular
(side) to the blast. Animals were instrumented with
pressure probes in the right lateral ventricle, femoral
artery, and femoral vein, and exposed to BOP with/
without protective shielding. Frontal exposure
groups included no protection (F-NP), full body
protection excluding tail (F-FP), head protection
(F-HP), and body protection excluding head
(F-BP). Side exposure groups were exposed with
no protection (S-NP), or head protection (S-HP).
In the F-IJV group (Front BOP exposure with IJV
compression), the animal’s neck was compressed by
tightening Velcro tape immediately prior to exposure
to BOP. The effects of protective shielding on ICP,
AP, and VP are shown in Table 7-5. Body protection
alone has no overall preventive effect, and for brain
protection the head and neck need to be completely
shielded.
A separate experiment was conducted to
determine the BOP-induced (frontal-3 x 110 kPa,
30 minutes apart) effects on aquaporin-4 (AQP-4),
3-nitrotyrosine (3-NT), and endothelin receptor A
(ETrA) in three groups of animals (control, blast,
and blast-IJV). IJV prevented increase in 3-NT and
ETrA in cortex, and attenuated the upregulation of
AQP-4 and ETrA immunoreactivity in hippocampus.

TABLE 7-5: Significant Effect of Protective Shielding/IJV Compression (Table used with permission from the authors)

Significant Effect of Protective Shielding/IJV Compression
Parameters

Orientation
Front
F-FP

F-HP

ICP

Yes

AP
VP

Side
F-BP

F-IJV

S-HP

Yes

No

Yes

Yes

No

Yes

Yes

N/A

No

No

Yes

Yes

N/A

N/A
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The work was supported by DHP funds and
strategically aligned with MOMRP.
Hyaluronidase Administration Prior to Blast
Exposure Reduced Observed Behavioral
Deficits
TBI resulting from exposure to IED’s may be
associated with underappreciated alterations
within the cerebral vasculature (Goldstein et al.
2012). A prominent neurological complication
associated with severe TBI in casualties from OIF
and OEF from exposure to IED’s was significant
cerebral vasospasm (Razumovsky et al. 2013).
Despite clinical indications of vascular insult and
supporting experimental data in animals, there

Endothelial glycocalyx degradation
following repeated blast exposure is
associated with behavioral decrements.
Prophylactic application of hyaluronidase
reduced structural abnormalities caused
by repeated low-level blast exposures.

remains a paucity of information on specific
structural and functional changes in the cerebral
vascular space that occur after blast exposure.
Recently, researchers at NMRC (Silver Spring,
Maryland) have observed evidence for vascular
injury in a rodent model exposed to low intensity
BOP.
Blast-exposed rodents demonstrated reduction
of the endothelial glycocalyx structure in brain
capillaries form multiple brain regions which was
associated with decrements in performance in the
Morris Water Maze (Figure 7-26). Intravenous
administration of hyaluronidase (an FDA approved
therapeutic) during the blast exposure profile was
associated with a lack of observable damage to the
glycocalyx and no observed behavioral decrement
(Hall et al. 2017). These studies elucidate the
effects of exposure to BOP that are associated with
mild to severe TBI outcomes on structural and
functional changes in the cerebral vasculature.
This study was funded by DMRDP, which is
strategically aligned with MOMRP.

FIGURE 7-26: Blast exposure reduced glycocalyx thickness in brain capillaries. Representative electron micrographs of
capillaries from hippocampus, amygdala, cerebral cortex, corpus striatum, and corpus callosum taken from blast and sham
blasted animals. Endothelial glycocalyx is the darkly stained filamentous layer present on the lumen of the capillary. All insets
represent magnified image; scale bar = 500 nm. (Figure 2 from Hall et al. (2017) reproduced with permission from the authors)
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Computational Modeling Related to Blast
Exposure
Blast-Induced Injuries to the Dismounted
Soldier
Researchers at WMRD within the ARL are working
to address the prevalence and severity of soft tissue
injuries to dismounted Service members during
non-fragmenting, buried blast events. Their aim in
this project is to determine how the fabric of combat
uniforms degrades during blast events as it is the
only thing protecting the extremities of Service
members from high-velocity soil particles. They
approached this problem with both modeling and
experimental techniques.
On the modeling side, they are developing soil
particle and fabric models that can inform the
intricacies of their interactions. A model of the
uniform fabric has been created using geometry
measured from microscopy images. Impact from
simplified soil modeled as particle elements has
been performed on a yarn level and fabric level
textile model. The model can show differences
in stress localization and particle interactions
when impacted directly or from an oblique angle.
Preliminary simulation results indicate the potential
for increased damage of the fabric from soil loading
at an oblique angle.
On the experimental side, they are conducting arena
experiments to measure the velocity, trajectory,
and duration of soil spray. Engagement parameters
have been determined and deployed in arena
experiments designed to facilitate measurement of
soil velocity and trajectory. The researchers intend
to use these data to inform the construction of
smaller scale methods of propelling soil at realistic
velocities for the relevant durations. This smaller
scale experimental technique will be used to further
inform model development with the end goal of
providing information regarding fabric vulnerability,
and therefore, fabric survivability, to be used develop
novel fabrics.

These models and experimental data will be shared
with the Natick Soldier Research, Development
and Engineering Center to integrate this applied
research with their textiles/fiber science efforts that
will enable the development, testing and fielding of
personal protective clothing.
This research is funded by ARL and conducted by the
WMRD within ARL.
Scaling Ocular Blast Exposures: Development
of a Scaling Equation Based on Computer
Modelling
A common concern in animal models of blast
injury has been how to translate the blast
loading conditions experienced by humans into
corresponding loading for experimental models
(Jean et al. 2014, Panzer, Wood, and Bass 2014).
Animal models for blast research typically include
mice, rats, or rabbits, all of which are obviously
smaller than blast-exposed Service members.
Additionally, each animal model has dissimilar
ocular anatomy, which will likely alter ocular
mechanics and therefore injury predictions.
Scaling equations have been developed for blastrelated lung injury and TBI, but no corresponding
equation exists for ocular injury (Bowen, Fletcher,
and Richmond 1968, Jean et al. 2014).
Based on previous experimental research,
researchers at the University of Utah (Salt Lake
City, Utah), developed a quarter-symmetry FEM
of the rat eye under blast loading (Shedd et al. 2018).
The model was validated using intraocular pressure
measured in vivo during blast exposure. A total of
six geometries were evaluated in the model that
varied ocular anatomy, including combinations of
rat- and human-sized globes, with varying sizes of
the cornea and lens (Figure 7-27(A)). The pressuretime history used to define the blast loading was
taken from a single shock tube recording. A total of
five different blast pressure profiles were applied
to each model geometry, representing ±2 standard
deviation in each the pressure and duration (Figure
7-27(B)).
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FIGURE 7-27: (A) Baseline quarter-symmetry rat model (top left) compared to the five varied model geometries. (B) Peak blast overpressure was scaled by ±2
standard deviation relative to baseline. Positive phase duration was similarly varied (not shown). (Figure used with permission from the authors)

Sensitivity analyses indicated the peak intraocular
pressure from each of the 30 simulations was
primarily dictated by blast pressure, globe
diameter, and lens-to-globe size ratio. These
variables were, therefore, used to generate a scaling
equation to predict intraocular pressure based
on ocular anatomy and loading overpressure. An
additional geometry with the dimensions of a rabbit
eye was used to test the predictive capability of the
formula. The scaling equation was found to predict
FEM intraocular pressure for all anatomical and
size variations with a coefficient of determination
(R-squared) of 0.92.
This equation can be applied to experimental
animal studies to determine relative blast severity
in humans. Using this relationship, the researchers
estimate that the 228 kilopascals blast pressure
applied to rats in previous studies is equivalent
to a 312 kilopascal blast pressure in humans,
representing a 37 percent higher blast pressure
than originally anticipated without scaling (Shedd
et al. 2018). This scaling equation, although
validated against computer models, still needs
further validation against experimental models.
However, the equation will be an important tool
to compare experimental ocular blast trauma data
across multiple studies. Combining these data sets
will allow more powerful and clinically relevant
conclusions to be drawn from existing and future
blast research.

by CDMRP.
Computer Modeling of Blast-related Brain
Injuries
This project is designed to determine the cause
of mTBI due to BOP and, if possible, the human
tolerance to BOP. The research, conducted at Wayne
State University (Detroit, Michigan) consists of
an experimental portion in which 12 porcine and
six unembalmed post-mortem human surrogates
(PMHS) were exposed to blast. The experimental
effort is supplemented by a computer modeling
section to extend the results of the tests to blast
scenarios not easily obtained experimentally.
During FY17 the study was completed and a detailed
histological study of blast-exposed porcine brain
is underway, with plans to publish the results once
completed.
Results to date from this study show:
1.

2.

3.
This study is funded by the Vision Research Program
(VRP). The award (W81XWH-12-1-0243) is managed
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BOP at and above 300 kilopascals (peak) can
cause mTBI in porcine, based on histological
studies of the frontal brain. There were
β-amyloid precursor protein (β-APP) reactive
zones in both the gray and white matter and
proliferation of astrocytes and microglia (Figure
7-28).
Quantitative electroencephalographs
(qEEG) show evidence of brain injury almost
immediately after the brain was exposed to BOP.
Injury occurs in both the gray and white matter
of the porcine brain and is likely due to the
dynamic pressure pulse because the computed

4.

5.

6.

strains in brain were less than three percent
while the estimated injury level due to strain is
about 20 percent.
Computed maximum brain strains due to blast
exposure, based on both the porcine and the
human brain models, were found to be on the
order of five percent. This level of strain is well
below the injury level, based on what published
reports about brain strain is blunt impact (Bain
and Meaney 2000, Morrison et al. 2003).
Axonal injury in blast-exposed porcine brain
that is only subjected to very low strains
requires reconsideration of the hypothesis that
axonal stretch is the sole cause of diffuse axonal
injury. Additional studies are recommended to
determine the effect of pressure on brain cells,
such as exposing isolated brain cells to blast
(Jean et al. 2014, Zhu et al. 2015).
Open field blasts have a much shorter duration
than those in a shock tube and is thus a more
realistic simulation of blast. Longer duration
blasts can cause more severe injuries to the
brain and the results of shock tube studies are
open to question (Bauman et al. 2009, Vandevord
et al. 2012).

The researchers also developed and partially
validated computer models for both the porcine
and human brain. The validation was based on
comparing the measured and computed pressures
in various regions of the brain. Such models can
be used to predict the response of the brain to a
variety of blast scenarios. Based on these results, the
following conclusions may be drawn:
1.

2.

3.
4.

There is firm evidence that open-field blasts
can cause traumatic brain injury to the brains
of anesthetized swine for peak pressures of 300
kilopascal or higher.
Both the gray and white matter are injured
in the experiments carried out thus far. Blast
overpressure appears to be the culprit as the
computed brains strains are far below levels that
can cause axonal injury.
More work is needed to establish a human level
of tolerance to blast overpressure.
It is necessary to revisit the injury data from
animals exposed to blasts in a shock tube.

FIGURE 7-28: (A) shows average number (± standard error of the mean)
of β-APP immunoreactive zones in the gray matter of blast and sham swine
sections. The number of β-APP immunoreactive zones in the gray matter of high
blast overpressure sections were significantly high compared to those in the
sham and medium blast overpressure (p<0.05, LSD; One-way Analysis of Variance
[ANOVA]). (B) shows average number (± standard error of the mean) of β-APP
immunoreactive zones in the white matter of high blast overpressure sections. The
number of β-APP immunoreactive zones in the white matter was significantly high
compared to those in sham and medium blast overpressure (p<0.05, LSD; Oneway ANOVA). Furthermore, the extent of white matter immunoreactive zones was
also significantly high in the medium overpressure sections, compared to sham
(p<0.05, LSD; One-way ANOVA. (C) shows a control section stained without the
primary antibody, showing no apparent immunoreaction. (D) shows a sham section
showing a less intense gray matter β-APP immunoreactive region. (E and F) show
an intensely stained gray matter immune-reactive zone from representative high
and medium blast overpressure swine sections. (G and H) show representative
β-APP reactive reaction retraction balls in the cortical white matter tracts. It
shows an immunoreactive zone with stellate-like profiles in the white matter tracts
of a swine subjected to high blast overpressure. (I) shows an immunoreactive zone
with stellate-like profiles in the white matter tracts of a swine subjected to high
blast overpressure. (Figure used with permission from the authors)
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This study will result in a better understanding of
the mechanisms of blast-related TBI and potentially
identify human tolerance to blast, including
overpressure and standoff distance for open field
blasts, important in the prevention of blast related
injuries
This research was funded by PH/TBIRP. The award
(W81XWH-12-2-0038) was managed by CDMRP.
Modeling the Effects of Boots on Leg Injury
Mitigation in UBB Events
An FEM of the human lower leg was developed
from CT scan data to simulate the response of the
lower extremities to representative UBB exposures.
The model was validated against available
experimental data using PMHS’s. Simulations were
run for both booted and unbooted conditions to
assess the efficacy of boots to mitigate forces being
transmitted through the floor into the lower leg,
and to help quantify the associated risk of injuries
to the Service member. Simulations performed
at varying levels of impact mass and velocity
showed reductions of 34-40 percent in peak forces
transmitted to the tibia. The FEM was used to

evaluate the effect of individual variations in lower
extremity structure. Service members possessing
more compliant plantar ligaments, higher foot
arches, and thicker heel pads may be less likely to
sustain injuries compared to other individuals with
similar total body mass (Hampton 2017, Hampton
and Kleinberger 2016, 2017a, 2017b, 2017c; Figure
7-29).
A validated FEM can be used to assess Service
member response to potentially harmful events,
such as blast and ballistic loading. The lower
leg model being described here has been used to
evaluate the protective effects of boots, and is
helping to design and assess the performance of
future improvements to PPE and other protective
technologies. This can include both Service
member and vehicle-borne systems. The ability to
include subtle anatomic variations will help support
probabilistic methods expanding these injury risk
evaluations to a population level response.
Modeling Vehicle UBB to Mitigate the Effects
on the Service Member
Numerically modeling the blast environment

FIGURE 7-29: The figures above leverage the numerical lower leg to analyze select anatomic variations (plantar ligament stiffness, foot arch
height, and heel pad thickness) for individual Service members. These studies provide insight into which anatomic features are most relevant
in prevention of UBB injury, and reasons why injury outcomes may vary between individuals exposed to the same threat. (Figure used with
permission from the authors)
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experienced by vehicles from close-in detonation
of buried explosive devices requires both (a) wellcharacterized soil properties and (b) test data
to validate the computational modeling. Under
the ERDC’s Adaptive Simulation to Characterize
Emerging Non-Ideal Threats program in
collaboration with TARDEC, numerous vehicle UBB
experiments have been conducted on a deformable
vehicle-like structure with an internal cab allowing
the integration of blast seats, various blast loading
measurement gauges, and ATD’s for collecting
occupant injury data. A database of high-pressure
properties for over 100 theater-relevant soil
conditions has been developed and a soil prediction
methodology is being created to minimize the
time required to characterize new soils. The UBB
experiments provided the test data to validate
computational models that are used to generate
virtual blast environments, varying both the charge
mass and location (relative to the vehicle), as well
as the soil properties and vehicle configuration.
These efforts help researchers understand the effect
of UBB on its occupants and how technology can
mitigate these effects on the Service member.
Ocular Tissue Injury as a Function of Blast
Exposure: A Computational Fluid Dynamics
Model
Researchers at the USAARL (Fort Rucker, Alabama)
are conducting a study to develop a computational
model to analyze the interaction between the
blast wave and protective eyewear and to predict
stresses and deformations on the eye as a function
of blast overpressure. Previous studies using a
high-pressure shock tube have revealed turbulent
interactions between the eye and protective
eyewear at nonzero blast orientations which
amplify the pressure at the eye (Williams et al.
2016, Williams et al. 2017). A computational fluid
dynamics model developed in coordination with
the BHSAI (Frederick, Maryland) has revealed the
physics behind these interactions at various blast
orientations which could lead to improvements in
eyewear design to mitigate these effects. Another
model evaluating ocular tissue response to blast
loading has been developed to predict ocular
injuries as a function of blast overpressure. These
models have revealed that pressure loading at the

eye for head-on blasts was largely contributed by
reflections from the eye, forehead, and cheek. At
oblique orientations, large secondary loading on
the far eye was observed. Reflections from the
inside of the spectacles were due to gaps between
the eyewear and the face. Goggles eliminated these
reflections but produced higher positive phase
durations at the eye due to pressure being trapped
within the eyewear (Williams et al. 2017; Figure
7-30).

FIGURE 7-30: Four sets of eyewear tested. (1) Revision Sawfly, (2)
Wiley X Talon, (3) Uvex Genesis, and (4) Arena Flakjak. (Figure from
Williams et al. (2017) used with permission from the authors)

This modeling effort provided protection criteria
from which to design eyewear to protect Service
members from the effects of blast waves.
These studies were funded by MOMRP.

Data Analysis Studies
NHRC Data and Analysis Support to the
JTAPIC Program
Researchers at the NHRC (San Diego, California)
are intimately involved in supporting the JTAPIC
program through the provision of the coded injury
information that is associated with each combat
event where a Service member is injured. NHRC
researchers provide a weekly analysis of all combat
casualties occurring in the previous seven days
during overseas contingency operations to the
JTAPIC Program Office. For each wounded Service
member, the medical data obtained from NHRC’s
EMED is thoroughly reviewed at NHRC and a
clinical profile is developed describing a casualty’s
injury characteristics. Each casualty’s injuries are
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then coded on various diagnostic and injury severity
taxonomies by registered nurses. In addition to
injury analyses conducted at NHRC, these detailed
clinical profiles are often combined with tactical
data (e.g., weapon type, explosive weight, strike
point). This mapping of medical to tactical data
allows vehicle and PPE developers to design targeted
modifications to improve vehicles and PPE, thereby
reducing the frequency and severity of injury.

Casualty medical data mapped to tactical
data allows the DoD vehicle and PPE
community to directly target materiel
equipment designs and enhancement to
those threats and injury types producing
the most serious injuries.
Because of the common requirement for medical
data, NHRC participates in nearly every JTAPIC
partnership analysis. In FY17, there were 14 JTAPIC
products that used medical information provided by
NHRC. These are listed below:
•
•
•

•
•
•
•
•
•
•
•
•
•
•
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Abrams UBB (17-033)
Analysis support for Behind Armor Blunt
Trauma (BABT; 17-015)
Aircraft Shoot Down Assessment Team
(ASDAT) Retrospective Study: Chinook
(17-050B)
Aviation Burn Casualties Military Occupational
Specialty (MOS; 17-035)
Burn Casualties Occupational Specialty (17-003)
Follow-on to HMMWV Operations Request for
Information 15-067 (17-011)
Green on Blue 2017 Update (17-055)
Laser Related Threat-Injury Analysis (17-008)
MaxxPro Case Study (17-045)
Mounted Burn Casualties MOS (17-025B)
Nape Pad Injury and Event Analysis (17-009)
Overview – Blast Injuries (17-044N)
Preliminary Analysis - MaxxPro Attack (17-036)
Stryker Flat Bottom Hull/Double V Hull Injury
Analysis (17-012)
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This effort was funded by JTAPIC.
Effects of Blast Injury on Hearing in a Screened
Military Population using the Blast Related
Auditory Injury Database
During deployment exposure to hazardous
intensity levels of combat noise, such as blast, may
compromise a Service member’s ability to detect
and recognize sounds, communicate effectively
and reduce situational awareness. In addition, the
occurrence of blast injury has been linked to an
increased risk of new-onset hearing loss. NHRC
(San Diego, California) has been analyzing data
from the Blast Related Auditory Injury Database
(BRAID) to help fill the current gaps in knowledge
via multiple research projects.
NHRC has been researching predictors of hearing
loss among those with blast injury using BRAID.
Subjects for this study included only those with a
qualified hearing test within a period of 12 months
prior to, and following, injury (n = 1,574). Two
groups were created, blast-related injury (BRI) and
non-blast related injury (NBRI). The most prevalent
postinjury shift of hearing thresholds occurred
bilaterally for the BRI group (39 percent), followed
closely by left ear unilateral shift (35 percent), and
unilaterally in the left ear for the NBRI group (42
percent). Asymmetrical hearing loss was twice
as common in those who suffered a blast injury
compared with those who sustained an NBRI (p
= 0.01). Flat hearing loss was rare for both groups
(3 percent or less) and the difference was not
significant (p = 0.13). After adjustment for relevant
covariates and potential confounders, those who
sustained a blast injury had significantly higher
odds of postinjury hearing loss (odds ratio [OR]:
2.21; 95 percent confidence interval [CI]: 1.42, 3.44),
low-frequency hearing loss (OR: 1.95; 95 percent CI:
1.01, 3.78), high-frequency hearing loss (OR: 2.45;
95 percent CI: 1.43, 4.20), and significant threshold
shift compared with a NBRI group. An estimated 63
percent of risk for low frequency and high frequency
hearing loss in these blast-injured, deployed military
members could be attributed to the BRI event.

Photo credit: SGT Odaliska Almonte/U.S. Army

In additional work NHRC is doing, BRAID-specific
audiometric thresholds are being examined.
Service members with a BRI or NBRI occurring
during deployment, with at least one audiogram
in the 12 months prior to and following injury,
were compared. Researchers calculated mean
audiometric thresholds for the left and right ears
at the test frequencies 500, 1,000, 2,000, 3,000,
4,000, and 6,000 hertz for audiograms prior to and
following injury, and compared groups according
to injury (BRI versus NBRI). In addition, lowfrequency and high-frequency pure-tone averages
(LFPTA and HFPTA) were compared by injury
group. Overall, population mean and median
threshold audiograms demonstrated hearing
within normal limits (25 decibel hearing loss) at

all test frequencies for both ears. We discovered
that new-onset hearing loss primarily affects the
frequency range of 4,000-6,000 hertz, and hearing
shifts were greater in the left ear. Postinjury
LFPTAs and HFPTAs were significantly higher in
the BRI group than the NBRI group.
Research with the BRAID will help identify at-risk
populations for early intervention and hearing
loss prevention, develop supportive policies and
best practice guidelines for clinicians, and allocate
appropriate funds and resources.
This research was funded by PH/TBIRP. This award
(CDMRPL-16-0-MR141219) is managed by CDMRP.
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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 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 the
spectrum of blast injuries. The combined research
efforts will improve (1) our understanding of the
capabilities and limitations of current technologies,
(2) design of new tools, (3) methods to validate
injury mitigation in the prehospital setting, and (4)
diagnostics and clinical guidelines for the acute
treatment of blast injuries.

Screening Tools
Prototype Tests for Screening Vestibular
Function
The Vertical Alignment Nulling (VAN) and
Torsional Alignment Nulling (TAN) tests are noninvasive, behavioral measures of ocular alignment
using a computer tablet, colored lenses, and touch
screen software (Beaton, Schubert, and Shelhamer
2017, Beaton et al. 2017, Schubert et al. 2017). VAN
and TAN are similar to the clinical Lancaster
red-green test but are quick to perform and can
be self-administered. Researchers from Johns
Hopkins University (Baltimore, Maryland) and
War Related Illness and Injury Study Center at the
Study Center at the VA New Jersey Health Care
System (East Orange, New Jersey) conducted a
study to determine if VAN and TAN differentiate
healthy controls from patients with vestibular
disorders, 14 healthy controls and eight patients
with known vestibular disorders were tested.
Patients had significantly worse scores than
controls on TAN (mean 2.2 versus 0.75, p ≤ 0.01),
and no differences for scores compared to controls
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on VAN (mean 0.4 versus 0.8, p ≤ 0.07). These
results suggest that TAN, and possibly VAN, have
potential for identifying misalignments in ocular
position.
The hand-held, portable nature and rapid selfassessment capabilities make VAN and TAN ideal
for evaluating ocular misalignment in operational
settings with minimal resources (e.g., time,
equipment, or personnel), such as military or sport
operations.
This research is funded by PH/TBIRP. The award
(W81XWH-15-1-0442) is managed by CDMRP.
AccWalker App
Recent research has demonstrated that blast
exposure can lead to several forms of neural
scarring, affecting components such as cortical
blood vessels, the junctions between gray and
white matter, and structures lining the ventricles
(Shively et al. 2016). To better understand the effects
of repetitive short-term low-level blast exposure,
this work examined changes in neurocognitive
testing and neuromotor functioning of Service
members exposed to multiple subclinical head
perturbations as a result of their participation
in heavy weapons (i.e., shoulder-fired weapons)
training. The primary question addressed was
whether neuromotor performance decline was
present in this study population. After being
tested for neurocognitive decline, the participant
pool was split into two groups (with and without
neurocognitive decline) and tested for neuromotor
decline, as it is presently unclear if a decline in
one domain (i.e., neurocognitive) generally leads
to a decline in another (i.e., neuromotor). The
researchers hypothesized that neuromotor decline
would be observed in participants who exhibited
neurocognitive decline and vice versa.
Research is underway at DVBIC supported network
sites, USUHS (Bethesda, Maryland), Naval Hospital
Camp Pendleton (Camp Pendleton, California),
Naval Medical Center San Diego (NMCSD; San
Diego, California), as well as the Space and Naval

Warfare Systems Command (San Diego, California),
the University of North Carolina (Greensboro,
North Carolina), and Temple University
(Philadelphia, Pennsylvania). Study participants (n
= 59) consisted of active duty U.S. Navy personnel
trainees newly exposed to heavy weapons training
who participated in a 21-day Desert Warfare
Training Program. This training included repetitive
low-level blast exposure as part of the rocket fire
training, which consisted of repetitive firing from
shoulder-mounted rocket launchers such as M2CG
94mm (Carl Gustaf), M72 LAW 66mm (light
anti-tank weapon), and rocket-propelled grenades
with varying munitions. Prior to blast exposures,
participants completed a battery of neurocognitive
tests and a neuromotor test. The neuromotor test
was developed by researchers at the University
of North Carolina, Greensboro (Greensboro,
North Carolina), who created an Android-based
smartphone application (AccWalker App) to capture
changes in neuromotor functioning following blast
exposure.
Approximately seven days later, participants took
part in shoulder-mounted rocket launcher training
while outfitted with pressure blast gauge sensors.
Within 30 minutes of completing this initial rocket
launcher training day, participants were re-tested
on the neurocognitive battery of tests and on the
neuromotor test; they were then re-tested on these
measures again at 24 hours and 72-to-96 hours
after completing the training. Trainees with
identified neurocognitive decline after low-level
blast exposure performed the stepping-in-place task
slower and with a higher level of variability in stride
time immediately after exposure to blast, compared
to trainees without neurocognitive decline.
Researchers presented data from the first step in
developing an objective, portable, field-based, and
cost-effective screening tool to measure neuromotor
function in a dynamic balance test (Rhea et al. 2017).
The study demonstrated that neuromotor decline
accompanied neurocognitive decline in a subset of
participants repeatedly exposed to low-level blast
from heavy weapons training. This suggests that

neurological dysfunction affects multiple domains
of performance.
All participants in this study were exposed to
subconcussive low-level blast; this data adds to a
growing body of research showing that repeated
subclinical head trauma can affect neurological
functioning. These findings could impact screening
techniques for low-level blast exposure and
influence DoD leadership decisions made regarding
appropriate medical care.
This effort was supported by DVBIC and funding
from DMRDP. DMRDP funds are strategically
aligned with CRMRP. The award (W81XWH-15-10094) is managed by CDMRP.
Automated Assessment of Postural Stability
System for On-Field Evaluations of Balance
Impairment Following Concussion
Impaired balance caused by TBI, including
concussion/mTBI, and musculoskeletal injury,
are highly relevant to fitness for duty. The gold
standard for assessing static postural stability is
the Balance Error Scoring System (BESS), which
requires administration by properly trained
clinicians and is susceptible to bias (Onate, Beck,
and Van Lunen 2007). Researchers from Temple
University (Philadelphia, Pennsylvania) designed
and implemented a portable system, called
the AAPS, for on-field evaluations of balance
impairment by personnel with minimal training
(Napoli, Glass, Tucker, et al. 2017). The Automated
Assessment of Postural Stability (AAPS) is a
computer system based on inexpensive off-theshelf components and custom software (Figures
7-31 & 7-32). Its main innovation is the balance
error detection algorithm that has been designed
to acquire data from a Microsoft Kinect sensor and
convert them into clinically-relevant BESS scores,
using the same detection criteria defined by the
original BESS test. To assess the AAPS balance
evaluation capability, 15 healthy subjects (seven
male, eight female) were simultaneously evaluated
by AAPS and BESS (Napoli, Glass, Ward, et al. 2017).
The results show that the AAPS error detection
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By providing automated and computerized BESS
calculation, removing the need for clinicians
to administer the test, AAPS will increase the
capability of performing balance impairment
assessment and RTD evaluation for Service
members.

FIGURE 7-31: Screenshot from the Automated Assessment of
Postural Stability (AAPS) software. Subjects are prompted to
hold poses from the standard BESS test; skeleton tracking is used
to score balance deficits. (Figure used with permission from the
authors)

FIGURE 7-32: In contrast to the conventional BESS in which
errors are binary (present or absent), the AAPS gives continuous
error measurements versus time. (Figure used with permission
from the authors)

algorithm can accurately and precisely detect
balance deficits with performance levels that
are comparable to those of BESS tests conducted
by experienced medical personnel. Specifically,
agreement levels between the AAPS algorithm
and the human average BESS scores ranging
between 87.9 percent (single-leg on foam) and 99.8
percent (double-leg on firm ground). Analysis of
Variance (ANOVA) test did not detect statistically
significant differences between AAPS and BESS
scores. These results underscore the value of
using the AAPS, which can be quickly deployed in
the field and/or in outdoor settings with minimal
set-up time. The AAPS also has the capability
of recording multiple error types and their time
course with extremely high temporal resolution.
These features are not achievable by humans, who
cannot keep track of multiple balance errors with
such a high resolution.
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This study was funded by PH/TBIRP. The award
(W81XWH-15-1-0445) is managed by CDMRP.
BrainScope One
Assessment of TBI using objective measures is a
current challenge with respect to TBI diagnostics
and therapeutics. BrainScope Company, Inc.
(Bethesda, Maryland) has leveraged government
and non-government funding to develop the
Ahead System, a hand-held, point of care device
which is FDA-cleared to rapidly and noninvasively aid in the evaluation of patients with
brain injury who may need CT scans.
A next-generation platform, the Ahead-300
(now known as the BrainScope One) has been
developed. The device combines qEEG with a
battery of neurocognitive assessments to evaluate
post injury brain function. Researchers using the
device in emergency department (ED) settings
demonstrated the use of qEEG plus determination
of loss of consciousness (LOC) in increasing
prognostic accuracy of TBI assessment over LOC
alone (Hack et al. 2017). The Brain Function Index
(BFI) output of the BrainScope One was evaluated
in a large trial (Hanley et al. 2018). Evaluation of
post injury brain function impairment following
mTBI showed that the use of the BFI correlates to
the severity of mTBI (Figure 7-33).
In early 2017, the BrainScope One was released
for commercial sales, to include a BrainScope
Centers of Excellence program, a non-government
program of restricted customers to direct the
initial commercialization of the product, and
the U.S. Military and government among early
customers.

FIGURE 7-33: Distributions of the BFI scores: Normal distributions fitted to BFI score to illustrate the BFI increase in response to increasing
severity of brain injury. Frequencies are normalized such that each histogram has a peak value of one, and each fitted distribution has a peak value
of two. (Figure from Hanley et al. (2018) used with permission from the authors)

Efficient assessment and triage of injured Service
members with TBI across all severities can be used
to maximize and improve delivery of care in austere
environments.
Validation of the Ahead System was funded by the
Army Rapid Innovation Fund, and is strategically
aligned with CCCRP. This award (W81XWH14-C-1405) was managed by CDMRP.

Clinical Decision Support Tools
Tissue Data Acquisition Protocol
Researchers at Emory University (Atlanta,
Georgia), Duke University (Durham, North
Carolina), and WRNMMC (Bethesda, Maryland)
are actively enrolling critically ill patients in the
Tissue and Data Acquisition Protocol (TDAP)
developed by the Surgical Critical Care Initiative
(SC2i) at USUHS; Bethesda, Maryland) and
collaborators at WRNMMC, NMRC (Silver Spring,
Maryland), Emory University, Grady Memorial

Hospital (Atlanta, Georgia), Duke University, Henry
M. Jackson Foundation for the Advancement of
Military Medicine (Bethesda, Maryland), Decision
Q Corporation (Arlington, Virginia) (Belard et
al. In Press, Elster and Beaton In Press). Across
all sites, over 650 patients have been enrolled
since the SC2i’s inception in FY14. The TDAP is
a standardized method for collecting all clinical
data and biological specimens from critically-ill
patients and healthy volunteers in support of all
research initiatives approved by the SC2i. General
procedures covered under this protocol include
clinical sample acquisition, processing and storage,
clinical data capture and storage, and the sharing of
data and samples amongst SC2i partners. A central,
standardized means of enrolling patients that
allows for post hoc analysis and sample distribution
not only permits multiple observational trials to be
served with the same patient population, but also,
through standardized processes, allows for insights
to be leveraged across observational platforms and
for interdependent influences of various injury
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patterns to be recognized and clarified. Through
TDAP, the SC2i leverages resources in the most
efficient way to maximize productivity and inform
the development of numerous Clinical Decision
Support Tools across conditions associated with
a high incidence of mortality and morbidity (e.g.,
venous-thromboembolism, bacteremia, pneumonia,
acute kidney injury, sepsis). The TDAP currently
enrolls 6 to 10 patients a week (300 to 500
annually).
This effort is funded with DHP and USUHS funds.
Massive Transfusion Protocol App: Clinical
Trial
Massive Transfusion Protocols (MTPs), as part
of a damage control resuscitation paradigm, have
been shown in multiple military and civilian series
to improve patient outcomes (Dente et al. 2010,
Hodgman et al. 2012, Mina, Winkler, and Dente 2013,
Shaz et al. 2010). The coordination of a MTP is a
complex and multi-disciplinary effort that requires
both significant oversight as well as the use of a
large amount of human and blood bank resources.
In FY14, the SC2i supported the development

and deployment of a smartphone application to
prospectively evaluate accuracy in predicting the
need for massive transfusion in critically injured
patients.
Researchers at the USUHS (Bethesda, Maryland),
WRNMMC (Bethesda, Maryland), NMRC (Silver
Spring, Maryland), Emory University (Atlanta,
Georgia), Grady Memorial Hospital (Atlanta,
Georgia), Duke University (Durham, North
Carolina), Henry M. Jackson Foundation for the
Advancement of Military Medicine (Bethesda,
Maryland), and Decision Q Corporation (Arlington,
Virginia), conducted a study to prospectively
assesses the accuracy of a previously published MTP
prediction tool that embeds a complex predictive
algorithm within a convenient smartphone
application. Prospective patient recruitment was
performed at Grady Memorial Hospital (Atlanta,
Georgia), an urban, Level I trauma center, from
October 2014 to November 2016, with a total of
363 patients enrolled to power the study. For level
I activations (the highest level of severity), the
application recorded the surgeon’s initial opinion for
massive transfusion [MT (≥10 Units of Packed Red

FIGURE 7-34: Summary of clinical and logistical benefits from SC2I’s MTP CDS Tools. (Figure from Dente et al. (2010) used with permission from
the authors)
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Blood Cells /24 hours)] protocol (MTP) activation,
then prompted inputs for the predictive model
(gender, admission heart rate and systolic pressure,
base deficit, mechanism). The application provided
a probability for MTP activation and recorded the
surgeon’s final decision on MTP activation.
The application has been successfully deployed
in the Cerner Electronic Health Record (EHR) at
Emory University; the SC2i is now working with
the DHA to insert the MTP CDST into the MHS
Genesis, the new electronic health record for the
MHS.
In conclusion, this protocol could prospectively
evaluate accuracy in predicting the need for massive
transfusion in critically injured patients, thereby
reducing both the risk of over-transfusions and
the need for blood products (i.e., logistical savings)
(Chang, Dente, and Elster 2017; Figure 7-34).
This study was funded by DHP dollars.
WounDx™
In the context of high rates of wound dehiscence
(15~20 percent) in the combat wounded, the SC2i at
the USUHS (Bethesda, Maryland) has developed
a biomarker based CDST to assist in the decisions
on timing of wound closure (Forsberg et al. 2015).
Additional collaborators on this project include:
WRNMMC (Bethesda, Maryland), NMRC (Silver
Spring, Maryland), Emory University (Atlanta,
Georgia), Grady Memorial Hospital (Houston,
Texas), Duke University (Durham, North Carolina),
Henry M. Jackson Foundation for the Advancement
of Military Medicine (Bethesda, Maryland), and
Decision Q Corporation (Arlington, Virginia).
Wound dehiscence is defined as loss of greater than
10 percent of a skin graft, dehiscence of a primary
closure requiring debridement, failure of a tissue
flap requiring repeat operative intervention, or
need for subsequent amputation. The consequences
of these complications are many: lengthy delays
to definitive wound closure, increased pain,
nutritional setbacks, higher costs, and further
loss of function if an amputation level should be

raised to save a Service member’s life. Grounded in
ongoing research on datasets from civilian as well
as military patients, this CDSTs model is expected
to reduce wound dehiscence rates from the current
rate of 15 percent to only five percent (and lead to
substantial cost-savings, i.e., ~$60,000 per patient).
Achieving this goal will produce multiple benefits,
including decreased pain, fewer complications,
better outcomes, and lower net costs. It should
also increase the likelihood that a severely injured
Service member can eventually RTD. Termed
WounDx™, this CDST has direct applicability in
both military and civilian health care systems as
similar wound failure rates occur in both settings.
An investigational device exemption (IDE) package
will be submitted to the FDA, ahead of SC2i
launching a clinical trial meant to validate the
clinical utility of this decision support tool.
This research was funded by USUHS and DHP.
Venous Thromboembolism CDST
Rates of venous thromboembolism (VTE) in Combat
Trauma can be as high as 20 percent (Caruso,
Elster, and Rodriguez 2014, Johnston et al. 2017).
Building on a legacy dataset of 73 combat injured
casualties enrolled at the WRNMMC (Bethesda,
Maryland) between 2007 and 2013 under a protocol
entitled “The Use of the Vacuum Assisted Wound
Closure Device in Treatment Extremity Wounds”,
the SC2i at USUHS (Bethesda, Maryland) and
collaborators at WRNMMC, NMRC (Silver Spring,
Maryland), Emory University (Atlanta, Georgia),
Grady Memorial Hospital (Atlanta, Georgia), Duke
University (Durham, North Carolina), Henry M.
Jackson Foundation for the Advancement of Military
Medicine (Bethesda, Maryland), and Decision Q
Corporation (Arlington, Virginia), developed a
clinical tool that can predict those at highest risk for
developing VTE (Figure 7-35).
Exploratory analysis of the dataset focused on
patient and injury characteristics, detailed wound
burden measurements, and panels of biomarkers
including cytokines and growth factors, specifically
basic fibroblast growth factor, interleukin 1B
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may help to avoid the complications of multiple
attempts to close and optimize the chance of a
successful planned staged ventral hernia; this
could shorten time to recovery and potentially
prevent some of the complications seen after DCL
in this population.

FIGURE 7-35: VTE Linear Discriminant Analysis. (Figure used
with permission from the authors)

(IL-1B), vascular endothelial growth factor
(VEGF), monokine induced by gamma interferon.
Advanced machine learning techniques (Bayesian
Belief Networks) were utilized to interrogate the
datasets, identify drivers of interest, and build
classification models. The ensuing predictive
model yielded a robust area under the curve (AUC)
(0.88), sensitivity (0.6), specificity (0.94), and
accuracy (0.9).
Moving forward, the model will be tested within
the SC2i’s TDAP before moving on to an IDE
validation trial.
This effort was funded by DHP and is sponsored by
USUHS.
Open Abdomen CDST
Damage control laparotomy (DCL) followed by
temporary abdominal closure, resuscitation,
and planned re-laparotomy is used to manage
critically injured patients who cannot be closed
primarily at the initial operation. Leveraging its
growing biobank/databank of trauma patients,
the SC2i is developing a CDST to inform the
timing of delayed fascial closure after DCL.
Identifying risk factors for delayed fascial closure
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Researchers from USUHS (Bethesda, Maryland),
WRNMMC (Bethesda, Maryland), NMRC (Silver
Spring, Maryland), Emory University (Atlanta,
Georgia), Grady Memorial Hospital (Houston,
Texas), Duke University (Durham, North
Carolina), Henry M. Jackson Foundation for the
Advancement of Military Medicine (Bethesda,
Maryland), and Decision Q Corporation
(Arlington, Virginia), found that elevated peak
serum and wound procalcitonin (PCT) levels may
be associated with delayed fascial closure after
DCL.
This study included 75 patients who underwent
exploratory laparotomy for blunt or penetrating
trauma between September 2014 and June 2016
at Grady Memorial Hospital (Atlanta, Georgia), a
Level 1 trauma center associated with the SC2i.
Serum and peritoneal fluid was collected at the
initial laparotomy and all subsequent abdominal
operations. Luminex® and PCT assays were
performed on all specimens and a multiclass
model was subsequently developed to predict
the success or failure of fascial closure after
trauma laparotomy. This multiclass model best
predicts which patients will undergo successful
primary fascial closure and open the door to
the development of CDSTs to individualize
management of injured patients undergoing
trauma laparotomy.
This challenge is particularly relevant to combat
casualty care; the deployment of the Open
Abdomen CDST has the potential to dramatically
improve outcomes and lower resources
utilization for the MHS.
This research was funded by USUHS and DHP.

Intelligent Focused Assessment with
Sonography for Trauma: Automated
Identification of Pneumothorax,
Hemothorax, and Abdominal Hemorrhage
Caused by Blast or Other Trauma
Researchers at the U.S. Army Institute of Surgical
Research, Fort Sam Houston (USAISR; San
Antonio, Texas) have successfully completed the
Intelligent Focused Assessment with Sonography
for Trauma (iFAST) project. This project focused
on automated detection and diagnosis abdominal
hemorrhages with ultrasound imagery obtained
near the four Focused Assessment by Ultrasound
for Trauma (FAST) exam points, i.e., near the
spleen, kidneys and in the pelvic area. The
iFAST is exclusively licensed to Cherokee Nation
Diagnostic Innovations and is the subject of an
international patent application (Grisell et al. 2015).
USAISR is collaborating with General Electric
Healthcare under a cooperative research and
development agreement (CRADA) to implement
the iFAST.
Collaborations continue with the National
Aeronautical and Space Administration (NASA)
and with General Electric Healthcare, toward the
firming up of concept of operation for hardware
for prolonged field care and in long space
expeditions. The USAISR researchers continue
to seek opportunities to collaborate in such areas
as: improved probe designs, portable ultrasonic
tomography, and three- and four-dimensional
(3D/4D) ultrasound, aiming for near real-time
software to process these data. They also continue
to interview experienced field medics, emergency
medical service workers, and Special Operations
Forces personnel, when available, to define an
operational concept for austere conditions and
with indefinite transport delays.
In prior years the project was largely successful
in developing algorithms for detection of
pneumothorax (air in the cavity between lungs
and chest wall) and hemothorax (blood in
this cavity) (Summers et al. 2016). They have
successfully developed algorithms to recognize
blood and fluid pools in the abdomen and now

their work extends the current state of the art
in determining minimum detectable volumes.
Briefly, two hypotheses were put forward and
tested by the last phase of this research:
1.

2.

Hemorrhage prediction and volume
measurement accuracy can be significantly
increased with intelligent video image
processing in near real time
Such software can considerably improve the
prediction of tissue damages to lungs and
abdominal organs caused by trauma injuries.

The goal is accuracy at approximately the skill
levels of interns with occasional practice in EDs
such that their skills did not depreciate materially.
However, the literature varied by an order of
magnitude concerning the minimum detectable
volumes at the various abdominal collection areas.
The recognition software was successfully
developed for regions of the body routinely
examined for blood by FAST as normally
performed in hospital EDs, but now considered
feasible for relatively untrained military and
civilian field medics. They showed that:
•

•

•

•
•
•

Very small lung and abdominal hemorrhages
can be detected and measured during the
golden hour (after injury when many lives can
be saved).
With automated detection and an intelligent
tutor to guide the medic, especially the
untrained personnel, the system will increase
the chances of saving a trauma victim and
prevent long-term damage.
iFAST can be a key medical tool for forward
battlefield conditions likely in Role I and Role
II-IIb.
Selectivity and sensitivity detection of
abdominal hemorrhage is near expert levels.
Volume measurement is just about at the level
of human perception.
Cues can be helpful regarding imaging quality,
especially to novice users (Summers et al.
2017)
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In conclusion, the iFAST is a key medical tool for
forward battlefield conditions to detect very small
lung and abdominal hemorrhages caused by blast or
other trauma (Figures 7-36, 7-37, & 7-38).

FIGURE 7-38: Then the hemorrhage is narrowed to a search near
the border located by the previous modelling. (Figure used with
permission from the authors)

Training Simulation Models
FIGURE 7-36: Result for hemothorax. A minimum detectable volume.
Interestingly, a rather new phenomenon, a dark linear feature was
observed below the pleural line (dark line at upper blue arrow). (Figure
used with permission from the authors)

FIGURE 7-37: Abdominal Hemorrhage: First, two model components
(yellow) fitted to a right kidney image. (Figure used with permission
from the authors)

This research was funded by DMRDP, and is
strategically aligned with the Medical Simulation and
Information Systems Research Program (MSISRP).
This award (FMBB100650743) is managed by
CDMRP.
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New Virtual Tissue Modeling for Use in
Military Medical Training Simulators
Combat surgeons deal with horrific injuries rarely
seen in civilian trauma centers. Major barriers to
controlling intra-abdominal hemorrhage in solid
organs, mainly the liver, lead to serious mortality
and morbidity from combat injuries. Researchers at
the University of California, Los Angeles (UCLA: Los
Angeles, California) are developing and evaluating
a new virtual tissue modeling methodology for use
in military medical training simulators for forward
surgical and interventional care of combat injuries.
Researchers at the Massachusetts General Hospital
(Boston, Massachusetts) developed a mathematical
framework that allows model parameter
determination in soft tissues with fluid-filled vessels
(Kerdok et al. 2003, Kerdok, Ottensmeyer, and Howe
2006, Konofagou et al. 2004, Ottensmeyer 2002). This
prior work relative to models of the cardiovascular
system, organ models for heart and lung, numerical
methods for real-time interaction, constitutive tissue
modeling, tissue property measurement, and full
body anatomic models will be leveraged to create a
virtual tissue framework for use in surgical training
simulators.
During FY17, the research at UCLA has focused
on the development of the constitutive model of
the liver as a porous multi-species medium. This
model consists of an elastic surface membrane, a

Business Innovation Research (SBIR) program
funded one Phase 2 project in response to the FY15
topic “Medical Simulation-Based Training System
for Rapid Trauma Skills Training” (OSD08-H11).
The current project, being conducted by Operative
Experience, Inc., (North East, Maryland), seeks
to develop training systems for two new critical
surgical procedures, DCL and Resuscitative
Endovascular Balloon Occlusion of the Aorta
(REBOA). This project requires an anatomic model
of high complexity in which thoracic, abdominal,
and ilio-femoral vascular architecture containing a
programmable pumping system and a sensor array
must be integrated into an infrastructure that also
contains the abdominal organs. The first phase of
this project has involved the design, modeling, and
development of the simulator infrastructure and
research into the sensors, pumps, and electrical
systems that will be required.

hyperelastic bulk interior, embedded elastic vascular,
as well as a porous fluid matrix. Furthermore, this
model can be simulated with considerable flexibility
to topological change and extreme deformation. In
response to simulated traumatic injuries, an excision
tool was developed which allows for simulated
surgical manipulation. To improve the accuracy of a
virtual liver model, additional research is scheduled
to build up the perfusion system and collect data
from ex vivo perfused liver and sectioned liver
samples. Real-time deformations will be computed
via a machine learning platform.
In conclusion, high fidelity training simulators
will enable more pre-deployment opportunities for
training under more realistic conditions and cases.
This research was funded by DMRDP, and is
strategically aligned with MSISRP. This award
(W81XWH-15-1-0147) is managed by CDMRP.

The prototypes of the DCL and the REBOA
simulator have been completed. The models
include a lacerated liver, ruptured spleen, a nick
to the inferior vena cava, various perforations to
the bowels, integrated sensor arrays, and a tablet
controller.

Working Prototype Simulators for Combat
Surgery Procedures: DCL and Resuscitative
Endovascular Balloon Occlusion of the Aorta
Combat surgery training is an essential mission of
the U.S. Armed Forces. Courses such as Emergency
War Surgery and Advanced Trauma Operative
Management have been developed to meet this
requirement; however, these courses do not cover
all relevant procedures and rely on animals and
cadavers which limits their utility. The DoD Small

A

The researchers plan to demonstrate the prototypes
within the government corral at the 2018
International Meeting on Simulation in Healthcare,
January 14-17, 2018, in Los Angeles, California. The

B

FIGURE 7-39: (A) Porcine Liver (B) Compression test to determine tissue mechanical properties. (Figure used with permission from the authors)
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2.

3.

4.
FIGURE 7-40: Mobilization of spleen in DCL Simulator (Figure used
with permission from the authors)

Collect and disseminate anatomical and
mechanical data for building and validating
reference models
Build, validate, and disseminate mechanically
advanced reference models representative of
nonlinear material properties and realistic
anatomy
Build and evaluate fast and mechanically
simplified yet visually and haptically realistic
surrogate models to be used for surgical
simulation

At the end of FY17, a web-based data management
system was fully operational and populated with
human subject testing data relative to thickness
and indentation response of skin, fat, and muscle
layers of the legs and arms. Magnetic imaging and
ultrasound measurement of cadaveric leg and arm
models are under development (Erdemir et al. 2017,
Landis and Erdemir 2017).

FIGURE 7-41: Exposure of innominate artery thru bilateral transsternal thoracotomy. (Figure used with permission from the authors)

final training systems developed during this effort
will be physical simulation-based systems, of high
anatomical and surgical fidelity, that will be used to
rapidly train surgeons and medics in critical combat
trauma skills (Figures 7-39, 7-40, and 7-41).
This research is funded by the SBIR program and
strategically aligned with MSISRP. This award
(W81XWH-15-C-0078) is managed by CDMRP.
Reference Models for Multi-Layer Tissue
Structures
Researchers at the Cleveland Clinic Foundation
(Cleveland, Ohio) and Stanford University (Stanford,
California) are building web-based interfaces to
support data collection. The aims of this work are:
1.
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Establish an online platform to curate,
distribute, and reuse data and models of
multilayer tissue structures of musculoskeletal
extremities
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In summary, this project provides the foundations
for development of authentic and individualized
models for simulation of haptics of musculoskeletal
extremities for training.
This research was funded by DMRDP, and is
strategically aligned with MSISRP. This award
(W81XWH-15-1-0232) is managed by CDMRP.

Preclinical Studies for the Treatment of
Blast-related Injuries
Sensitive Indicators and Risk Factors of BlastInduced Neurodegeneration in Hippocampus
The pressure profile generated from shock tube
devices does not match the profile produced
by explosives (Chen and Constantini 2013). To
specifically study the effects of realistic blasts,
a novel procedure was recently developed by
researchers at the ARL (Adelphi, Maryland) that
generates reproducible shockwaves from a detonated
explosive (Zander et al. 2015). The procedure
uses a highly controlled construct of research
department eXplosives (RDX). A major component
of C-4 explosive, RDX is one of the most powerful

military explosives. To examine the direct effects of
explosives on brain tissue, the present study utilized
in vitro slice cultures of the rat hippocampus. The
hippocampus is the focus of this study not only due
to it being distinctly vulnerable to traumatic and
excitotoxic injuries, but also because it is a region
that is important for higher order brain functions,
expresses synaptic plasticity to compute diverse
information, and is involved in routing the encoded
spatial, emotional, and reward information to other
brain areas. Cultured hippocampal slices were
placed in a specialized blast chamber in which
defined assemblies of RDX were detonated outside
the chamber to produce realistic and reproducible
blast shockwaves. This is the first study using the
in vitro blast paradigm to apply RDX detonations
to intact brain tissue, and showed that multiple
explosive blasts alter the levels of important synaptic
markers: down-regulation of synaptophysin,
synaptotagmin, synapsin 2b, and up-regulation
of synapsin 2a. Surprisingly, very little cell death
occurred as a result of multiple exposures to RDX.
Thus, shockwaves from detonated RDX explosive

appear to produce a unique type of pathology
comprised of distinct reductions in synaptic proteins
in the absence of neuronal deterioration. The
resulting molecular ‘injury’ could alter synaptic
communication leading to deficits experienced by
Service members exposed to mild injury from blast.
Targeting Complement Therapy for Improving
Mortality and Morbidity of Blast Injury
Blast injury is the signature wound accounting for
70-80 percent of military casualties in the Iraq and
Afghanistan conflicts (Belmont et al. 2012). Blast
casualties commonly suffer:
•
•
•
•
•

Primary injury (lung, gastrointestinal tract and
middle ear injury by blast overpressure)
Secondary injury (penetrating injury by flying
objects)
Tertiary injury (fracture, amputation, and TBI
from displacement by blast wind)
Quaternary injury (burn and inhalation injury)
Quinary injury (hyperinflammation by
unconventional materials) (Greer et al. 2016)

FIGURE 7-42: Simplified scheme of the complement cascade activation. The complement cascade can be activated through the four pathways
(classical, lectin, alternative, and/or coagulation pathways). (Figure used with permission from the authors)
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Experimental Design

FIGURE 7-43: Scheme of the experimental design. All rats underwent blast injury with subsequent hemorrhage. Animals were randomized to three
study arms treated with component 5 inhibitor versus Injury receiving saline alone. (Figure used with permission from the authors)

Blast injury often causes multisystem, lifethreatening injuries that represent complex triage,
diagnostic, and management challenges for the
health care provider. Currently, there is no specific
drug therapy for blast injury.
Traumatic hemorrhage involves tissue injury,
ischemia, and subsequent reperfusion. Ischemia/
reperfusion injury, as well as direct tissue damage
activates a multifaceted network of plasma
cascades (complement, coagulation, kinin, and
fibrinolytic systems) that play a major role in the
systemic inflammatory response syndrome (SIRS).
SIRS ultimately leads to injury-related early multiorgan dysfunction syndrome that represents the
leading cause of mortality following severe trauma.
The underlying immunologic disturbance is
highly complex and involves early activation of the
complement cascade, a crucial component of innate
immunity. Researchers from USAISR (Fort Sam
Houston, Texas) previously published findings that
blast injury triggered early complement activation
that was associated with brain injury (Dalle Lucca
et al. 2012). They also demonstrated the beneficial
effects of pharmacological manipulations of
complement activity on modulating systemic and
local inflammatory responses and attenuating
brain damage post-blast injury in rats (Li, Chavko, et
al. 2013).
In this study, the researchers have shown that
early complement activation was present in combat
casualties suffering blast injury, and correlated
130
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with clinical outcomes (brain injury, injury severity
score. and mortality) (Yang et al. 2017b, 2017a).
The team recently developed a novel clinicallyrelevant rat model of the battlefield polytrauma (BI
combined with hemorrhagic shock), and tested the
efficacy of a complement component 5 inhibitor (a
clinical stage small molecular drug) in this model
(Figure 7-42 and 7-43). They found that treatment
with the component 5 inhibitor significantly
increased survival (80 versus 30 percent), improved
mean artery pressure response to fluid infusion,
reduced metabolic acidosis, and mitigated multiple
organ damage after blast injury and hemorrhage
(Figure 7-44). Of note, the small molecular adjunct
component 5 inhibitor can be incorporated into
small volume pre-hospital resuscitation on the
battlefield because it can be carried in small vials
without refrigeration and quickly reconstituted
with saline. Therefore, targeting complement
component 5 will present as a novel therapy for
blast injury.
In summary, the utilization of component 5
inhibitor in the pre-hospital setting will lead to
significant reduction in mortality and morbidity of
military Service members as well as civilians who
suffer blast injury.
This research is supported by DHP, and is strategically
aligned with CCCRP.

FIGURE 7-44: Component 5 inhibitor significantly improves survival of
animals exposed to blast injury and hemorrhage (Component 5 inhibitor
versus Injury, 80 percent versus 30 percent, p<0.05). (Figure used with
permission from the authors)

Functional and Structural Changes in Cerebral
Vasculature Following Exposure to Blast
Explosion or blast is the most common cause
of war injuries in OEF and OIF (Warden 2006).
Exposure to multiple low intensity blast events
with or without overt concussion has an additive
effect with long-term neurologic and other health
consequences (Ling et al. 2009). Despite clinical
indications of vascular insult and supporting
experimental data in animals, there remains a
paucity of information on specific structural and
functional changes in the cerebral vascular space
that occur after blast exposure. The studies being
conducted at NMRC (Silver Spring, Maryland) use
an established rodent (Rattus norvegicus) model
(Abutarboush et al. 2013) to assess the effects of a
single exposure to BOP intensities on functional
and structural changes in cerebral vasculature.
These studies used an established cranial window
rodent model to assess the effects of a single
exposure to varying BOP intensities on cerebral
macro- and micro-vasculature for up to 90 days
after exposure with an emphasis on identifying
physiological underpinnings associated with
cerebral vasospasm. Study techniques included
functional indices of vascular function using
intravital microscopy (IVM) to assess changes
within the cerebrovascular responsiveness after
exposure to BOP. Continued work includes IVM

and immunohistochemistry in evaluating any
changes in vasculature as well as BBB. Alterations
in BBB permeability are investigated in vivo and
in vitro. Functional changes in BBB permeability
were observed in vivo in real time using IVM.
The structural changes in cerebral vasculature
are being studied via immunohistochemistryfollowing identification of alterations in some of
the structural components of BBB and vascular
smooth muscle. The results indicate that there
is a change in BBB permeability within 24 hours
after BOP exposure. The blast-related changes in
the structure of vascular smooth and the resulting
remodeling of the vasculature may be responsible
for changes in the reactivity of vessels to vasoactive
mediators. Studies to assess structural effects
are accomplished using electron microscopy
coupled with immunostaining techniques to
visualize changes to vascular endothelium; these
specifically include the glycocalyx, assessment of
tight junctions, perivascular edema, and changes in
endothelin-1 within the vasculature. Experiments
examining cerebrovascular responsiveness using
IVM at two hours, one day, three days, 14 days,
and 30 days after exposure to a single 37, 75, or 140
kilopascal explosive device are currently still in
progress. To date, data has been gathered from 200
rats, which completes approximately 75 percent of
the planned IVM experiments (Figures 7-45 and
7-46). Protocols for examination of the glycocalyx
Before BaCl2

After BaCl2

FIGURE 7-45: Intravital microscopy images of the pial
microcirculation demonstrating the change in pial arteriolar
diameter after the topical application of a 5 percent barium chloride
(BaCl2) solution. Arrows point to constricted pial arterioles within
an artiolar tree. BaCl2 was one of three substances used to assess
vascular function after exposure to blast by probing the ability of
arterioles to respond to different vasoactive mediators. (Figure used
with permission from the authors)
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Response to BaCI2

FIGURE 7-46: Exposure to a single 140 kilopascal blast causes a
delayed change in the responsiveness to BaCl2. There is an increase
in vascular contractibility in response to BaCl2 compared to sham
non-blast animals that starts three days post-blast and peaks at 14
days (p < 0.05). (Figure used with permission from the authors)

and BBB using immuno-electron microscopy have
been refined to ensure consistent, high quality
images.
Collaborators at the University of Virginia
(Charlottesville, Virginia) are concomitantly
examining vessels with magnetic resonance
angiography and have completed optimization of
their perfusion and BBB integrity sequences; initial
data acquisition has recently begun. Data from
this research was presented in July at the National
Neurotrauma Symposium (Abutarboush et al. 2017).
Research funded by DHP and strategically aligned
with CCCRP.
Cytokine Responses in a Rat Model of Blastinduced mTBI
Chemokines and cytokines play early pivotal roles in
the inflammatory cascades underlying blast-induced
injuries and are promising targets for therapeutic
interventions. To effectively pursue this therapeutic
avenue, the timing of the interplay among these
responses must be characterized to identify the key
participants and the optimal therapeutic windows
for intervention. Researchers at the WRAIR (Silver
132
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Spring, Maryland) are conducting a study that
includes longitudinal screening of cytokine levels
in plasma and brain at varied times after blast
exposure using immunoassay arrays based on newly
developed Luminex® bead technology. The arrays
(R&D Systems Inc.) are used to simultaneously
and precisely quantify very small concentrations
(picomolar) of up to 17 rat specific cytokines across
a single 96 sample well plate. Thus, this method is
highly time- and cost-effective versus data yield.
Analyses to date of plasma and brains collected
from blast-exposed rats reveal significant increases
(2-fold or less) in pro-inflammatory cytokines
(Chemokine (C-X-C motif) ligand 2 (CXCL2), IL
-1-α, IL-18, and tumor necrosis factor (TNF) -α)
along with counter elevations in inflammation
resolving cytokines (IL-4 and tissue inhibitor of
metalloproteinases (TIMP) -1) up to seven days
post-exposure (DeMar et al. 2016b, 2016a; Figure
7-47). MRI has shown that extensive immune cell
infiltration occurs within brain and retina by three
days post-exposure (DeMar et al. 2017b, 2017a, Foley
et al. 2017). These findings have been corroborated
by immunohistochemistry of brain and eye sections
using biomarkers for activated immune cells (DeMar
et al. 2017b, 2017a, Foley et al. 2017). Cytokines can
act as recruitment factors for macrophages into
tissues, and in turn are excreted by these immune
cells as signaling molecules that further trigger
protein-pathways involved in apoptosis of neurons
(e.g., caspases). Based upon these response profiles,
interventions with existing compounds targeting
these mediators are likely to be most effective
during subacute or acute phases of injury. Notably,
since rats maintained on a diet supplemented
with long chain omega-3 fatty acids (i.e., fish oil)
appear to have lowered (23 percent or less) proinflammatory cytokines (CXCL3, intercellular
adhesion molecule (ICAM) -1, IL-1-α, IL-6, IL-18,
and TNF-α) in the plasma and brain (Figure 7-47);
these data point to the potential utility of these diets
as nutritional anti-inflammatory countermeasures
to blast-induced TBI (DeMar et al. 2016b, 2016a).
By defining important neurobiological
underpinnings of blast injuries, these findings point

FIGURE 7-47: Bar graphs for the mid-brain (top 2 panels), cerebellum (middle 2 panels), and plasma (bottom panel) cytokine levels of placebo versus
fish oil treated rats, at 3 and 7 days following double blast exposure, as well as those for sham controls (shams = green, PBO; placebo = red, and
FO; fish oil = blue; n = 15, 11, and 10 and 15, 4, and 4, as by day, respectively). For each tissue, the data is broken into two rescaled frames to allow
visualization of less abundant cytokines. Tissue concentrations (per mg total protein or ml plasma) for up to 10 cytokines are shown, i.e., CXCL2,
CXCL3, ICAM-1, IL-1-α, IL-4, IL-6, IL-18, TIMP-1, TNF-α, and VEGF. There were no significant differences detected between dietary treatment groups
for blasted animals. *p < 0.05; significant difference between shams and blasted rats, as by t-test. (Figure used with permission from the authors)

to potential therapeutic countermeasures that can
lessen permanent debilitations suffered by Service
members experiencing blast-induced injuries.
This research was funded by PH/TBIRP and
strategically aligned to CRMRP. The award
(W81XWH-14-2-0178) is managed by CDMRP.
Pressure, Hemodynamics, and Metabolism
Changes within the Spinal Cord after Injury
Traumatic spinal cord injury (SCI) triggers many
perturbations within the injured cord, such as
decreased perfusion, reduced tissue oxygenation,
increased hydrostatic pressure, and disrupted
bioenergetics. The temporo-spatial characteristics

of these responses within the injured cord are not
well documented. Researchers at the University
of British Columbia (Vancouver, British Columbia)
utilized a Yucatan mini-pig model of thoracic
vertebra 10 (T10) contusion/compression SCI to
characterize intraparenchymal hemodynamic (e.g.,
blood flow, oxygenation and hydrostatic pressure)
and metabolic changes within the spinal cord for
one week post-injury (Streijger et al. 2017). They
demonstrated that traumatic SCI results in an
expanded area of ischemia/hypoxia as evidenced
in changes of spinal cord blood flow (SCBF),
diminished oxygenation, and elevated hydrostatic
pressure (Figure 7-48). They also reported an
imbalance between SCBF and tissue metabolism
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These preclinical findings using a large
animal model have identified potential
deficiencies in the current clinical practice
and could change the paradigm of how
physicians manage SCI patients.

that resulted in metabolic stress (Figure 7-49).
The physiological perturbations were sustained
out to seven days post-injury and extending away
from the injury site. These findings indicate that
the post-injury changes tended to continue and
sometimes worsen over days two through seven,
even at measurement sites farther away from the
injury. This suggests that the current clinical
practice of hemodynamically supporting patients
out to seven days post-injury may fail to address
persistent ischemia within the injured cord.

FIGURE 7-48: Dynamic changes (%Δ) of blood flow, partial pressure
of oxygen and pressure in the penumbra (0.2 cm) of the traumatic
SCI site. The percentage change (%Δ) is calculated using an average
of 60 min of baseline before SCI. (A) Intraparenchymal spinal cord
pressure, (B) SCBF, (C) and PaPO2 responses before, during and
after 1-hour spinal cord contusion/compression (gray shading). SCI
resulted in a promote increase in cord pressure and a loss of SCBF
with a critical reduction in PaPO2. Following decompression, spinal
cord pressure decreased sharply; however, it increased again within
hours and remained consistently elevated for days. Within hour so
decompression, SCBF restore to within baseline levels and continue
to increase up to 200 percent above baseline levels by Day seven.
Decompression only partially restored PaPO2 and through the sevenday monitoring period seemed entirely unaffected. The dashed line
at the four-hour post-SCI mark (▲) represents the discontinuation of
anesthesia and ventilation at the end of the surgical procedure. BSL,
baseline; SCI, spinal cord injury. (Figure from Streijger et al. (2017)
used with permission from the authors)
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FIGURE 7-49: Microdialysis measurements of intraparenchymal
glucose, lactate, and pyruvate (%D) in response to SCI at 0.2 and 2.2
cm from injury. The percentage change (%Δ) is calculated using the
average of measurements obtained through 60 minutes of baseline
recordings just prior to the SCI. (A) Glucose, (B) lactate, (C) pyruvate,
and (D) lactate to pyruvate (L/P) ratio responses before, during,
and after 1-hour spinal cord contusion/compression (gray shading).
At the 0.2-centimeter position (l), glucose values decreased
significantly upon SCI, and subsequently returned to baseline by Day
one. Within minutes after SCI, we observed an increase in lactate,
a decrease in pyruvate, and a resulting increase in L/P ratio. After
decompression, glucose, pyruvate and lactate increased while L/P
ratio declined to 200 percent above baseline at 24 hours. Thereafter,
both lactate and pyruvate levels decreased again, although pyruvate
fell proportionately more, resulting in a subsequent rise in L/P ratio
till the end of the experiment (500 percent above baseline). At the
2.2-centimeter position (¨), a slight increase in glucose levels
was observed within the first 24 hours after SCI; however, levels
retuned to baseline thereafter. Within hours after SCI, researchers
observed a slow but steady rise in lactate while pyruvate levels
remained unchanged, producing an increase in L/P ratio. After 24
hours, researchers observed a drop in lactate and a simultaneous
and disproportionately greater drop in pyruvate, resulting in a
continuous increase in L/P ratio to 500 percent above baseline at Day
seven. The dashed line at the four-hour post-SCI mark (▲) represents
the discontinuation of anesthesia and ventilation at the end of the
surgical procedure. BSL, baseline; SCI, spinal cord injury. (Figure from
Streijger et al. (2017) used with permission from the authors)

This research is funded by Spinal Cord Injury Research
Program (SCIRP), and is strategically aligned with
CCCRP and CRMRP. These awards (W81XWH-142-0194 and W81XWH-14-1-0619) were managed by
CDMRP.

Neuroimaging Biomarker Studies
MRI and Motor Evoked Potentials as
Prognostic Tools in SCI
Using multivariate analytics on large clinical
databases, researchers at the University of
California, San Francisco (UCSF; San Francisco,
California) assessed MRI grading systems, MRI
biomarkers, and intraoperative motor evoked
potentials (MEPs) as prognostic tools in acute SCI.
The application of various MRI grading systems in
predicting early impairment was examined using
retrospective data from 25 acute thoracic SCI
patients. The results showed that all variables of
signal abnormality were negatively correlated with
American Spinal Injury Association Impairment
Scale at discharge. Of the MRI metrics examined,
a multiple variable model identifies the Brain
and Spinal Injury Center (BASIC) score, an
MRI-based grading system for the axial plane, as
the only statistically significant predictor of AIS
at discharge. These results provide validation for

multidimensional MRI measures as predictor of
outcome and suggest that multidimensional MRI
measures of the thoracic spinal cord may be a
valuable parameter for patient stratification for
diagnosis, intervention planning, and clinical trial
criteria (Dhall et al. 2017; Figure 7-50).
In another retrospective study of 32 patients with
acute cervical SCI, MEPs predicted neurological
improvement and correlated with axial MRI grade.
Specifically, the presence of MEPs significantly
predicted AIS at discharge (p < 0.001). In addition,
patients without MEPs had a significantly higher
axial MRI grade in comparison to the patients with
MEPs (p < 0.001). These findings provide clinical
validation for the value of MEP as a prognostic tool
and support the utilization of intraoperative MEP
in surgery for traumatic spine fractures and SCI
(Mabray et al. 2016).
Finally, a retrospective cohort study of 95 patients
with acute cervical SCI identified two clusters
of MRI biomarkers related to (1) measures of

FIGURE 7-50: the BASIC score of SCIs. Cartoon schematics (A), representative axial T2-weighted MRI scans (B), 3D-color surface plots based on
the axial T2 image (C), and brief definitions (D) for each of the five BASIC scores (ranging from zero to four). In the representative MRI scans (B), the
external contour of the spinal cord is outlined in yellow for better delineation. Figure is available in color online only. (Figure from Dhall et al. (2017)used
with permission from the authors)
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intrinsic cord signal abnormality and (2) measures
of extrinsic cord compression. Of note, neurologic
impairment was best accounted for by MRI
biomarkers of intrinsic cord signal abnormality, with
axial grade representing the most accurate predictor
of short-term impairment, even when correcting
for surgical decompression and degree of cord
compression (Haefeli et al. 2017).
All three studies were conducted using retrospective
analysis of clinical databases from the Zuckerberg
San Francisco General Hospital (San Francisco,
California).
In conclusion, by validating the prognostic value of
multidimensional MRI measures, MRI biomarkers,
and intraoperative MEP, these results have
significant impacts on the optimization of acute
management of SCI and long-term recovery.

determine whether MRI could be used to quickly
(within 48 hours of injury) assess mTBI specific
structural changes in an acute setting and to
distinguish traumatic from non-traumatic brain
pathologies. To address these questions, the study
team compared patients with suspected mTBI
to patients with suspected minor acute stroke
who presented to the ED at Suburban Hospital
(Bethesda, Maryland).
The study demonstrated the feasibility of using
a short MRI protocol in an acute setting; images
taken within 48 hours of injury from 12 of the 22
suspected mTBI participants showed abnormalities
consistent with this type of injury and they were
specific to the mTBI group (Chiara Ricciardi et al.
2017; Figure 7-51). Interestingly, of the 19 suspected
mTBI patients who presented with a negative
CT scan, nine had findings on MRI consistent

These studies were funded by SCIRP, which is
strategically aligned with CRMRP and CCCRP. This
award (W81XWH-13-1-0297) is managed by CDMRP.
Early MRI Detection of mTBI
The DVBIC estimates that approximately 297,000
Service members have received a diagnosis of
mTBI between 2000-2016 (DVBIC 2016). Most
individuals with a mTBI fully recover, but for those
who do not, life dramatically changes in that they
have difficulty returning to normal daily activities
and work. Currently, CT scanning is the imaging
method used to assess mTBI and to guide decision
making about further treatment. However, its low
incidence of findings in the mTBI population and
lack of evidence for use in all mTBI patients calls
for a better diagnostic that can be used within
hours of injury and that is more sensitive to the
various subtle changes in the brain following injury.
That better diagnostic may be MRI, an imaging
method proposed to be sensitive to the changes that
occur in a mTBI.
Researchers in the NIH Stroke Diagnostics and
Therapeutics Section at the CNRM (Bethesda,
Maryland) have conducted an exploratory study to
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FIGURE 7-51: (A) Flow diagram of the enrolled patients, final clinical
diagnosis, and number of patients with MRI abnormalities for each
diagnosis. Of the 22 patients with suspected mTBI, three had complicated
mTBI, showing evidence of brain injury on early CT scan. Sixty-one
suspected minor stroke patients were included as a comparative nontrauma group. (B) MRI interpretation: of the 83 MRI examinations, 47 were
read as positive. MRI abnormalities consistent with a diagnosis of trauma
occurred in 12 in the group of suspected TBI patients and in 32 in the group
of patients with suspected stroke-like symptoms. None of the suspected
stroke patients were incorrectly classified as a TBI patient and none of the
TBI patients were incorrectly classified as a stroke patient. Final diagnosis
of ischemic stroke was confirmed in 28 of the 32 patients with positive MRI
scans. (Figure from Chiara Ricciardi et al. (2017) used with permission from
the authors)

with traumatic injury. Specifically, they had
linear hypointensities on T2 weighted images
and enhancement meninges on post-contrast
FLAIR MRI. In addition, in the suspected mTBI
group, the researchers observed enhancement of
the meninges, which are a series of membranes
covering the brain and spinal cord. The
specificity of these findings to the mTBI group
may point to their utility as imaging biomarkers
of TBI pathology and contradicts the prevailing
notion that mTBI cannot be detected on early
neuroimaging.
Although the size of the study precludes
generalizing, the results are strongly suggestive of
the feasibility and utility of using MRI in the acute
stage of mTBI.
In conclusion, this study demonstrates the ability
of MRI to detect abnormalities consistent with
trauma-induced acute injury to the brain in patients
with suspected mTBI within 48 hours of injury
enabling rapid diagnosis of mTBI in the warfighter.
This research was funded by DHP.
FDA Recognition of TED Initiative
Advancement of Neuroimaging Biomarkers for
Use in FDA-Regulated Trials
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. At the end of FY17 there are no FDAapproved diagnostics or therapies specific for TBI.
Well-defined endpoints and changes to clinical
trial design are needed to support successful
regulatory-driven development of diagnostics and
therapeutics for TBI. This includes advancing the
identification, validation, implementation, and
dissemination of COAs and biomarkers that are
acceptable in regulatory review of FDA-qualified
medical device and DDTs for mild to moderate
TBI. The TED Initiative, made up of researchers
from over 20 research institutions including,

University of Pittsburgh Medical Center (Pittsburgh,
Pennsylvania), University of Washington, University
of Florida, Harvard University (Spaulding
Rehabilitation Hospital and Massachusetts General
Hospital, Boston, MA), University of Texas (Austin,
Texas), and led by researchers at the UCSF (San
Francisco, California).
The TED Initiative 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 FY17, the TED Initiative’s most notable
accomplishments resulted from the team’s efforts in
advancing regulatory science in TBI (Manley et al.
2017).
Members of the TED team submitted a proposal
stemming from one of the TED Initiative Seed
Projects, focused on prognostic neuroimaging
biomarkers to the FDA’s MDDT Program. This was
the first proposal to be accepted by the CDRH into
the Incubator Phase of the MDDT Pilot Program,
and is now moving toward the validation phase. In
addition, the FDA has recognized the role and efforts
of the TED Initiative in advancing TBI regulatory
science via two major communications: A Letter of
Support from the CDER in 2017 and a Recognition of
Research Support Letter from the CDRH in 2016.
One of the Seed Projects, led by researchers at
the Spaulding Rehabilitation Hospital (Boston,
Massachusetts)/Harvard Medical School
(Cambridge, Massachusetts) compared Glasgow
Outcome Scale-Extended (GOSE) data against other
outcome measures in the TRACK-TBI Pilot Study.
The team found that a single COA, such as the GOSE,
was insufficient in addressing the heterogeneous
nature of TBI (Dikmen, Machamer, and Temkin 2017,
Nelson et al. 2017).
Another project led by researchers at Spaulding
Rehabilitation Hospital/Harvard Medical School,
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addresses challenges related to well-defined, widely
accepted, and validated cognition endpoints for TBI.
Work published in the Journal of Neurotrauma,
addressed the development of a composite cognitive
endpoint COA, with regulatory considerations that
would be well suited for use in TBI clinical trials
(Silverberg et al. 2017).
Another project, led by researchers at University of
Florida (Gainesville, Florida), is working to advance
the regulatory readiness of biofluid biomarkers was
published in the Journal of the American Medical
Society Neurology (Rubenstein et al. 2017).
In conclusion, advances in regulatory science for
TBI will facilitate FDA clearances, diagnostics, and
approvals for therapeutics which, in turn, can be
used in the care and management of TBI in Service
members.
The TED initiative is funded by PH/TBIRP, and
is strategically aligned with CCCRP. This award
(W81XWH-14-2-0176) is managed by CDMRP.

Anti-infective Studies
A Novel, Broad Spectrum Anti-infective that
Provides Novel Regenerative Properties in Skin
Interleukin-12 (IL-12) is a key modulator of the
immune system and extensive literature documents
that induction, or application of exogenous IL-12,
elicits broad spectrum activity against an extensive
number of bacterial, viral, fungal, and parasitic
organisms implicated in local and disseminated
infections (Bashyam 2007, Gluzman-Poltorak et
al. 2014, Nguyen et al. 2015, Romani, Puccetti, and
Bistoni 1997, Trinchieri 2003). Novel wound healing
properties for IL-12 have also been demonstrated by
Neumedicines, Inc., (Pasadena, California) in several
mouse models of skin damage and repair, resulting
in significant acceleration of wound healing and
closure (Li et al. 2015, Neumedicines Internal Report
2014). Three Phase I safety trials of recombinant
human IL-12 (rHuIL-12), a naturally occurring
protein, have been completed by Neumedicines, Inc.,
in 217 healthy human volunteers, with a safe and
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rHuIL-12 is expected to reduce morbidity,
suppress wound infection, and accelerate
wound healing of battle and traumatic
wounds, thus facilitating recovery and
diminishing amputations and repetitive
surgeries.
well-tolerated dose of 12 micrograms established for
further testing in other populations (Gokhale et al.
2014).
Neumedicines, Inc. has conducted a Phase 2a openlabel, randomized study, the primary objective
of which was to compare safety and tolerability
of rHuIL-12 to standard of care (SOC) in patients
with large, open surgical wounds following
colostomy takedown allowed to heal by secondary
intention, and to establish a safe dose and dosing
schedule for subsequent Phase 2b efficacy studies in
patients. Secondary objectives include determining
pharmacokinetic (PK) profile, pharmacodynamic
(PD) response and immunogenicity, and evaluating
accelerated wound healing properties via
determination of time to 50 percent wound closure
and wound closure rate at 14, 28, and 42 days after
starting the study.
Study subjects were consented, screened, and
enrolled at the Surgical and Wound Care Clinic
Barnes-Jewish (Saint Louis, Missouri), a center
that specializes in treatment of wounds and treats
some 500 patients a year. Twelve (12) per protocol
patients have now completed the study (eight
subjects randomized to receive rHuIL-12 treatment
+ SOC and four subjects randomized to the SOC
alone arm). There were no rHuIL-12-related adverse
events reported. Three of the eight rHuIL-12treated patients had complete (100 percent) wound
closure after 28 days, where end of the study was at
42 days, compared with one of the four SOC-treated
patients. NM-IL-12-induced accelerated healing
with wounds that were 18 percent larger than those
in the SOC-treated patients, and in patients that
were on average approximately 18 years older. In

addition to determination of wound dimensions and
extent of closure, wound photographs were assessed
in a blinded and independent medical review and
showed accelerated healing in three of eight rHuIL12-treated patients as early as 14 days, but in only
one of the four SOC-treated patients. PK/PD and
immunogenicity data is currently being processed
(Figure 7-52).

FIGURE 7-52: Figure demonstrates the accelerated wound closure
induced by rHuIL-12 (NM-IL-12) versus SOC. (Figure used with permission
from the authors)

Neumedicines envisions rHuIL-12, with an excellent
safety profile, as a novel treatment for management
of contaminated combat-related or trauma-induced
wounds, which will accelerate the closure, healing,
and repair of the wound and prevent development of
secondary infections.
This study was funded by DMRDP, and is
strategically aligned with the Military Infectious
Diseases Research Program (MIDRP). This award
(W81XWH-15-2-0009) is managed by CDMRP.
Blast-related Polytraumatic Extremity Wounds
and Infectious Outcomes: Trauma Infectious
Disease Outcomes Study and Traumaassociated Osteomyelitis
TIDOS of the Infectious Disease Clinical Research
Program located within the Department of
Preventive Medicine and Biostatistics, USUHS
(Bethesda, Maryland) has an ongoing large-scale
epidemiological evaluation of the characteristics
of battlefield wounds and subsequent infections.

Over a period of three years (2009-2012), 1858
combat casualties were admitted to Landstuhl
Regional Medical Center and transferred to a
participating hospital in the U.S., of which 1409 (76
percent) had at least one open extremity wound
with 323 (23 percent) developing a combat-related
extremity wound infection (CEWI). Approximately
80 percent of these combat casualties sustained
blast-related trauma. Due to the complexity of
the polytrauma, TIDOS researchers developed a
refined methodology for classifying polytraumatic
extremity wounds, as well as for matching
infections to wounds. Classifying the 1,409 patients
by their most severe injuries (Table 7-6), 437 had
amputations (57 percent with ≥1 CEWI), 511 patients
with open fractures and no amputations (17 percent
with ≥1 CEWI) and 461 patients had open extremity
wounds other than fractures or amputations (4
percent with ≥1 CEWI). A manuscript detailing the
CEWI methodology and classification is nearing
finalization.
Among the 323 patients with a CEWI, organisms
were recovered from 250 patients with 335
confirmed unique infections, of which 131 and
204 were monomicrobial and polymicrobial,
respectively (Table 7-7). Cultures collected from
monomicrobial infections were predominantly
Gram-negative bacteria (57 percent), followed by
Gram-positive bacteria (23 percent), mold/yeast (15
percent), and anaerobes (five percent). Cultures
collected from polymicrobial infections were
61 percent bacterial alone; however, 30 percent
recovered bacteria plus mold, five percent bacteria
plus mold and yeast, and one percent had only mold.
A manuscript with findings from the CEWI analysis
is nearing finalization.
Using a subset population of 669 subjects with
traumatic amputations or open fractures as their
most severe injury, sustaining an amputation, being
injured via an IED, first documented shock index
≥0.80, receipt of ≥10 units of blood within 24 hours
of injury, and having >4 injury sites were identified
as independent risk factors for CEWI development.
Having a confirmed non-extremity infection ≤4
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TABLE 7-6: Characteristics of Subjects with at Least one Open Extremity Wound, by Most Severe Wound Group (Table used with permission
from the authors)

≥ 1 Amputation
(N=437)

≥ 1 Open Fracture
(N=511)

Other Wounds
(N=461)

23.5 (21.6-27.2)

24.3 (21.8-28.3)

24.2 (21.9-28.3)

Male

416 (98.8)

494 (99.0)

444. (99.1)

Blast Injury

430 (98.4)

373 (73.0)

341 (74.0)

Injury Severity Score, median (IQR)

30 (21-38)

17 (10-27)

13 (6-27)

First 24 hour blood transfusion, median
units, (IQR)

16 (8-26)

4 (2-10)

4 (2-8)

Total hospitalization, median days (IQR)

43 (27-60)

25 (16-43)

14 (9-24)

≥1 CEWI

248 (56.7)

89 (17.4)

17 (3.7)

Characteristics
Age, median (IQR)

TABLE 7-7: Confirmed Monomicrobial and Polymicrobial Extremity Wound Infections (Table used with permission from the authors)

Monomicrobial Infections
Number of Cultures (%)

Polymicrobial Infections
Number of Cultures (%)

Total Unique Infections

131

204

Gram-negative Bacteria

75 (57.3)

175 (85.8)

Gram-positive Bacteria

30 (22.9)

146 (71.6)

Mold or Yeast

20 (15.3)

80 (39.2)

6 (4.6)

35 (17.2)

Anaerobes

days prior to CEWI diagnosis was associated with
a lower likelihood of CEWI risk. Findings from the
CEWI risk factors analysis were presented at the
2017 Military Health System Research Symposium
(MHSRS) and a manuscript is in preparation
(Tribble 2017a).
Lastly, antibiotic prescribing patterns among
subjects with a CEWI are also being assessed. It
was determined that patients with only a CEWI
received ≤2 antibiotics, while those with both
a CEWI and a non-extremity infection had ≥3
antibiotics.
Infectious outcomes with regards to post-trauma
antibiotic prophylaxis were assessed in subjects
with open fractures over a five-year period (20092014). The patients received either DoD-directed
narrow-spectrum antibiotics or expanded Gramnegative coverage (i.e., narrow-spectrum antibiotic
plus a fluoroquinolone and/or aminoglycoside).
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Approximately 81 percent of the subjects were
injured via a blast mechanism. The findings
demonstrated that although there was a reduction
in skin and soft-tissue infections with expanded
Gram-negative coverage, there was no difference in
the proportion of osteomyelitis between the groups.
In addition, subjects who received expanded
Gram-negative coverage had a higher proportion
of recovery of resistant organisms. These findings
support the current post-combat trauma antibiotic
prophylaxis guidelines for open fractures (Lloyd,
Murray, Shaikh, et al. 2017).
Invasive fungal wound infections (IFIs) are another
area for TIDOS blast-related research. Over the
past year, the TIDOS database was comprehensively
searched for subjects with a suspected IFI.
Between June 2009 and December 2014, 246
combat casualties had laboratory evidence of a
fungal infection with 94 meeting the strict criteria
of an IFI (recurrent wound necrosis and laboratory

fungal evidence at the time of or after observed
necrosis). For subjects who did not meet the strict
IFI criteria, new classifications were developed
related to level of suspicion (High Suspicion
and Low Suspicion). Among the 246 subjects,
98 percent sustained blast-related injuries with
the majority being dismounted. A total of 77 (61
percent of 126 with mounted status available) of
the IFI or High Suspicion subjects met the strict
criteria to be classified as a dismounted complex
blast injury (DCBI). The remaining 73 subjects
who did not meet the DCBI criteria were still
blast injured (97 percent) and often dismounted
(88 percent of subjects with available data), but
frequently lacked the required injury pattern
criteria (amputation at or above knee, severe injury
to opposite extremity, and perineal, genitourinary,
or abdominal injury). Despite not meeting the
DCBI criteria, most subjects were classified with
critical injury severity (Injury Severity Score
[ISS] ≥26). These findings were included in an IFI
Molecular Diagnostic Technical Report that was
presented to a panel of SMEs on infectious disease,
molecular diagnostics, pathology, and surgery
on 1 November 2017. Specific recommendations
to advance diagnostic approach for at-risk blast
trauma patients are being finalized and will be
provided to the JTS and MIDRP for guidance,
implementation, and prioritization of future
research needs.
Under a separate protocol (Trauma-Associated
Osteomyelitis), patients who sustained an open
fracture (tibia, femur, and arm long bones)
between March 2003 and December 2009 were
assessed with regards to risk of osteomyelitis.
A high proportion of patients included in these
analyses sustained blast trauma (>64 percent).
Among subjects with open tibia fractures,
sustaining a blast injury, increasing fracture
severity to include transtibial amputations as the
highest level, muscle damage and dead muscle/
loss of function, and foreign body at fracture site
were independent risk factors for development of
osteomyelitis. Being injured between 2003 and
2006 was also identified as a risk factor and is
likely the result of changing practice patterns in

that timeframe (e.g., decrease use of high pressure
irrigation, increased use of negative pressure
wound therapy, and reduced crystalloid use).
These findings were presented at the 2017 MHSRS
and a manuscript has been submitted for journal
consideration (Tribble 2017b). Manuscripts related
to antibiotic practice patterns, impact of combat
theater on infection rates, microbiology, antifungal
activity of Manuka honey, and biofilm were also
published during the past year (Campbell et al.
2017, Cardile et al. 2017, Lloyd, Murray, Bradley, et
al. 2017, Mende et al. 2017, Mende et al. 2016, Tribble
et al. 2016, Yabes et al. 2017).
TIDOS investigators participated on the Expert
Panel at the 2016 International State-of-theScience (SoS) Meeting on “Minimizing the Impact
of Wound Infections Following Blast-Related
Injuries” in Arlington, Virginia on 29 November
– 1 December, 2016 organized by the DoD Blast
Injury Research PCO. The overall goal of the
meeting was to assess the current state of the
science on strategies to diagnose, prevent, and
treat infections following combat-related blast
injury. In addition, findings from TIDOS blastrelated analyses on extremity wound infections
and IFIs were presented at the meeting. The
meeting proceedings were published; one of the
expert panel recommendations (#6) included a
direct reference to the TIDOS project. It stated
“Preserve, sustain, and improve the DoD Trauma
Registry and related programs (e.g., TIDOS
and the Military Orthopedic Trauma Registry)
to improve care and advance military relevant
research relating to wound infections after blastrelated injury.”
Understanding the pathogens that infect traumatic
wound sites is critically important to the formation
of effective clinical practice guidance. Findings
from these studies will support further refinement
of current DoD JTS clinical practice guidance on
risk stratification and clinical management related
to extremity wound infections and invasive fungal
wound infection prevention and management.
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Treatments for Neurotrauma
Nose-to-brain Delivery of Therapeutic Agents
Against Blast-induced TBI
Several neuroprotective compounds showing
efficacy against neuronal injury in in vitro or ex
vivo studies are limited for clinical applications
due to their inability to cross the BBB (Patel and
Patel 2017). Non-invasive intranasal nose-to-brain
delivery bypasses the BBB to rapidly deliver drugs to
the central nervous system (CNS) along the olfactory
and trigeminal neural pathways. Drugs applied
in this manner have been detected in the brain
and cerebrospinal fluid (CSF) within 5-10 minutes
of application (Krishnan et al. 2016). Charged
molecules, neuroactive peptides and small proteins
which cannot permeate the BBB can be rapidly
delivered to the brain in minutes through the nasal
route. The non-invasive intranasal administration
doesn’t require sterile conditions and hence can
be self-administered in non-sterile environments
such as battlefield conditions. Since intranasally
administered drugs avoid hepatic first-pass
effect and subsequent dilution, it will be very cost
effective. Researchers at the WRAIR (Silver Spring,
Maryland), using validated pre-clinical models of
single and repeated blast-induced TBI utilizing an
ABS, demonstrated intranasal brain delivery of polar
macromolecules (otherwise excluded by the BBB) in
preliminary studies and are evaluating the efficacy
of these molecules as countermeasures to blastinduced neurotrauma following this novel route of
administration.
In conclusion, these preclinical findings identify a
non-invasive immediate means to pharmacologically
counter blast-induced TBI in austere non-sterile farforward settings.
This research was funded by WRAIR.
Prophylactic Treatment of CN-105 Provides
Neuroprotection in Small Animal Model of TBI
Researchers at Duke University (Durham, North
Carolina) in conjunction with AegisCN, LLC
(Durham, North Carolina), are working to identify
an ideal neuroprotective therapeutic that can
be prophylactically administered to protect the
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brain from the chronic effects of trauma. The
proposed drug, CN-105, is a modified five amino
acid apolipoprotein E (ApoE) mimetic which readily
crosses the BBB and provides anti-inflammatory and
neuroprotective effects to the brain (Laskowitz et al.
2017, Lei et al. 2016, Tu et al. 2017). This study will
determine the efficacy and most effective time frame
to administer CN-105 before a TBI that will provide
the optimal protection and mitigate cellular damage.
Animal studies have demonstrated that CN-105 is
effective when administered prophylactically and
post-injury in a closed head injury model, and that
the optimal therapeutic window is dependent on the
maintenance of sufficient concentrations of CN-105
in the body at the time of injury (Laskowitz et al.
2017).
CN-105 has an excellent safety profile in clinical
single and multiple escalating dose studies
(ClinicalTrials.gov Identifier: NCT02670824) and
is currently being tested in a multicenter Phase 2
clinical trial evaluating outcome after intracranial
hemorrhage (ClinicalTrials.gov Identifier
NCT03168581) (Guptill et al. 2017). Current research
efforts include preclinical work evaluating the
efficacy of CN-105 in Alzheimer’s disease, and
neuroprotective efficacy offered by CN-105 when
administered post-injury. Planning is underway for
a follow-on first-in-man study on TBI.
Results from this research effort can be utilized to
further develop an efficacious therapeutic for TBI
and to protect from mild repetitive brain injury.
This study was funded by DMRDP, and is strategically
aligned with CCCRP. This award (W81XWH16-C-0142) was managed by CDMRP. The current
research efforts are funded by FDA orphan grant
program (FD-R-5387), CURE-Alzheimer’s fund, and
philanthropy.
Potential Treatment for Protection against
Blast-induced Neurotrauma and Ocular Injuries
BOP exposure may lead to severity-dependent brain
injury. Lysophosphatidic acid (LPA) is a bioactive
lysophospholipid released from activated platelets,
astrocytes, choroidal plexus cells, and microglia

and is reported to play major roles promoting
inflammatory processes through signaling events
mediated through specific G-protein coupled
LPA receptors (LPARs) (Eichholtz et al. 1993,
Moolenaar 1995). In particular, LPA is reported
to be involved in BBB disruption, Tau protein
phosphorylation and neuroinflammation leading
to neurite retraction (Sayas et al. 2006, Sun et al.
2011). Prompted by recent reports of elevated
LPA and up-regulation of LPARs in both mice and
humans following brain injury, and neuroprotective
efficacy of LPA antibodies (Lpathomab) in the
former, researchers at the WRAIR (Silver Spring,

Maryland) in collaboration with Lpath, Inc., (the
developer of Lpathomab) (San Diego, California),
are evaluating the role of LPA in ameliorating the
deleterious effects of blast-induced neurotrauma
and ocular injuries (Crack et al. 2014, Frugier et
al. 2011). Findings to date reveal that a single
anti-LPA antibody treatment (25 milligrams per
kilogram body weight, intravascular) at one-hour
post-blast exposure significantly improved visual
acuity and electroretinography and reduced
retinal neuropathological changes in rats after
blast exposure, reinforcing other indications
that therapies targeting LPA may provide

FIGURE 7-53: Single blast exposure decreases visual acuity and LPA antibody therapy showed significant protection. (Figure used with
permission from the authors)

FIGURE 7-54: Electroretinography indicated that the decrease in B-wave amplitude in the left eye after blast exposure was less in the LPA
antibody treated animals. (Figure used with permission from the authors)
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effective countermeasures to blast injury. These
preclinical findings identify potentially efficacious
countermeasures that may in the future be used
to treat blast induced ocular injuries and vision
dysfunction (Figures 7-53, 7-54, 7-55, and 7-56).

The research conducted by Lpath, Inc. was partially
funded by PH/TBIRP. Research at WRAIR was
funded by a seprate CRADA between WRAIR and
Lpath Inc. The PH/TBIRP award (W81XWH-16-10098) is managed by CDMRP.

FIGURE 7-55: Electroretinography indicate that the decrease in A-wave amplitude in the right eye after blast exposure was less in the LPA
antibody treated animals. (Figure used with permission from the authors)

FIGURE 7-56: Disruption of retinal cell morphology after blast exposure was inhibited by LPA antibody. (Figure used with permission from the
authors)
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Steroid-releasing Therapeutic Bandage Contact
Lens
Ocular trauma commonly results from blast injuries.
Ocular wound healing begins with an inflammatory
stage that is associated with pathological sequelae.
Researchers at the Schepens Eye Research Institute
(Boston, Massachusetts) developed a corticosteroidreleasing therapeutic bandage contact lens (TCL)
that can be used to prevent trauma-related ocular
inflammation and scarring. The TCL has the
potential to also change the treatment of other ocular
inflammatory conditions, such as post-operative
inflammation.
The concept of contact lens drug delivery dates
back to the 1960’s (US patent # 2,976,576); however,
sustained and controlled delivery has historically
been a significant challenge (Wichterle and Lim
1956). Unmodified commercial contact lenses can
absorb medications, but all of the drug is released
over several hours. In contrast to other drug-eluting
contact lens designs that used a particulate approach
to control drug release, the researchers took a
macroscopic approach that consists of a thin drugpolymer film encapsulated within the periphery of a
typical hydrogel contact lens which maintains a clear
central aperture that allows unimpeded light and
oxygen transmission (Figure 7-57). Using this novel
system, they developed a steroid-eluting contact
lenses capable of releasing therapeutic amounts of
dexamethasone in a controlled manner for up to a
week.
The researchers demonstrated that TCLs provide
sustained drug flux in animals and proof-of-concept
effectiveness in two animal models of inflammation.
Ocular drug flux studies found that TCLs delivered
dexamethasone to the front and back of the eye at
levels that were 100s to 1,000 times greater than
those of hourly commercial dexamethasone drops
(Kobashi et al. 2017b).
To study efficacy, the researchers compared TCLs to
hourly administration of commercial dexamethasone
eye drops in animals. Anterior uveitis was
induced by injection of lipopolysaccharide (LPS)

endotoxin into the aqueous humor. Protein levels
in the aqueous humor served as an objective and
quantitative measure of inflammation. Three
days after LPS injection, we found statistically
significantly less aqueous humor protein
concentrations for animals treated with TCLs (0.290.22 milligrams per milliliter, p = 0.016) and with
hourly dexamethasone drops (0.29-0.07 milligrams
per milliliter, p =0.015) compared to untreated
animals (1.92-1.19 milligrams per milliliter) as shown
in Figure 7-58 (Bengani and Ciolino 2017).

FIGURE 7-57: Drug-eluting contact lens schematic. (Figure used with
permission from the authors)

FIGURE 7-58: Aqueous humor protein concentration before (day 0)
and after LPS endotoxin injection into the aqueous humor followed
by treatment with: hourly sterile saline solution 0.9 percent, hourly
dexamethasone 0.1 percent ophthalmic solution, or dexamethasoneeluting contact lenses worn for five days (n = 5 per group). Data are
means ± standard deviation. Rabbits treated by dexamethasone drops
and dexamethasone-eluting contact lenses had significantly less
aqueous humor protein than those treated with saline drops at day one
and three. *p<0.05 by Student t-test (Figure used with permission from
the authors)
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In another study, the researchers studied the
efficacy of TCLs, hourly dexamethasone drops, and
a vehicle contact lens (no drug) for the prevention
of corneal neovascularization (CNV), which was
induced by placing 7-0 silk sutures along corneas
of animals. The extent of neovascularization was
compared between treatment groups by two cornea
fellowship-trained masked observers who measured
the area of CNV (millimeter2) from slit lamp
photographs taken on day 7 as shown in Figure 7-59
(U.S. patent # 2,976,576) (Ciolino et al. 2017, Kobashi
et al. 2017a, 2017b). TCLs were far more effective in
reducing CNV compared to no treatment or vehicle
contact lenses, and similar to hourly dexamethasone
drops. The measured CNV area was validated by
biomarkers in the cornea, such as levels of VEGF and
the number inflammatory cells.

Operation Brain Trauma Therapy Extended
Studies
The Operation Brain Trauma Therapy (OBTT)
represents a consortium of seven of the top
experimental TBI centers in the world, combining
their expertise to identify and bring forward new
treatments for TBI. Member institutions span the
military and civilian academic centers in partnership
with industry, including:

In summary, steroid-eluting contact lenses can
limit scarring of the eye following ocular trauma.
They can be used to treat ocular trauma in Service
members in the battlefield, clinic, or after surgery.

•

These studies were funded by VRP, and are
strategically aligned with CRMRP. This award
(W81XWH-15-1-0034) is managed by CDMRP.

FIGURE 7-59: Corneal neovascularization area in suture-induced
CNV measured from slit lamp images by two masked cornea experts.
* compared to no treatment. (Figure used with permission from the
authors)
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Safar Center for Resuscitation Research at the
University of Pittsburgh School of Medicine
(Pittsburgh, Pennsylvania)
Miami Project to Cure Paralysis at the
University of Miami School of Medicine (Miami,
Florida)
Neuroprotection Program at WRAIR (Silver
Spring, Maryland)
Virginia Commonwealth University (Richmond,
Virginia)
Banyan Biomarkers, Inc. (San Diego, California)
University of Florida (Gainesville, Florida)
Messina University (Messina, Italy)

This group brings unprecedented expertise in
experimental TBI research and all the necessary
tools for preclinical drug screening and biomarker
development and evaluation to bear for the benefit of
the Service members suffering from TBI.
OBTT uses a two-tier screening process to rapidly
evaluate the potential of new drugs. In Tier A,
established models of TBI in rats are used to screen
the potential new therapies, using a standard battery
of tests. Those agents that perform well advance to
Tier B, in which more advanced tests are performed
in rats. In each tier, biomarkers of TBI are also
evaluated. The most promising agent each year
from Tier B advances to secondary screening in
micropigs. To date, OBTT has tested 12 therapies
across three rodent models, in approximately 2000
rats, and conducted over 5,000 individual biomarker
assessments. Thus far, of the eight drugs that have
completed testing, two of these drugs, levetiracetam
and glibenclamide, have shown promising effects in
one or more of the TBI rat models. Levetiracetam

The findings from the OBTT and OBTT-Extended
Studies have been presented and published at many
locations in FY17 (Table 7-8).

underway at the University of California, San Diego
(La Jolla, California) which aims to regenerate the
diseased retina by transplanting a variety of cell
types into the vitreous or subretinal space with the
expectation that these donor cells would migrate to
the site of retinal degeneration, integrate within the
host retina, and restore functional vision. Despite
promising outcomes, these studies showed that the
bolus injection technique gave rise to poorly localized
tissue grafts.

In conclusion, the current lack of an effective therapy
for TBI is a critical problem facing Service members,
and the work of OBTT in developing new treatment
options is of considerable importance for those who
are injured.

The researchers developed a layer-by-layer (LBL)
bioprinting process using stem cells for retinal
tissue regeneration (Figure 7-60). As an emerging
and disruptive technology, three dimensional (3D)
bioprinting offers a revolutionary approach to retinal

was identified as the most promising therapy to
date, and was advanced to testing in micropigs.
Glibenclamide has shown promise specifically in
contusions and might represent an excellent candidate
for a precision medicine approach in patients
specifically with cerebral contusions.

The OBTT and OBTT-Extended Studies are funded by
PH/TBIRP and Deployment Related Medical Research
Programs, and are strategically aligned with CCCRP.
The awards (W81XWH-10-1-0623 and W81XWH-14-20018) are managed by CDMRP.
Three Dimensional Bioprinting Offers a
Revolutionary Approach to Retinal Regeneration
There has been an increasing incidence of eye injuries,
and ocular trauma is ranked as the fourth most
common injury in the modern war field (Ward 2007,
Weichel et al. 2008). Specifically, retinal detachment
is among the eye injuries with the worst visual
outcomes and is considered one of the main reasons
for visual loss following ocular trauma. Research is

FIGURE 7-60: Schematic diagram of a layer-by-layer bioprinting
method with different cells encapsulated in different layers (Figure
used with permission from the authors)

TABLE 7-8: Published Findings from OBTT and OBTT-Extended Studies (Table used with permission from the authors)

Event/Journal

Date

Title

Authors

American Spinal Cord
Association (Albuquerque,
New Mexico)

April 27-29,

Preclinical and Clinical Strategies

Kochanek PM

2017

to Take TBI Therapy to the Finish

National Neurotrauma Society
(Snowbird, Utah)

July 9-12th,

Abstract A06-08 and DBA-02.
J Neurotrauma 34 (2017)

Line
2017
Circulating GFAP levels to

Mondello S, Shear D, Bramlett H,

monitor therapeutic response to

Dixon CE, Dietrich WD, Wang K, Hayes

glibenclamide in controlled cortical

R, Lafrenaye A, Povlishock JT, Tortella

impact: Findings from OBTT

F, Kochanek, PM
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Event/Journal

Date

Abstract A18-01. J
Neurotrauma 34 (2017)

Title

Authors

Evaluation of minocycline in the

Bramlett, H, Furones-Alonso O,

Miami fluid percussion model of

Sanchez-Molano, J, Truettner J,

traumatic brain injury: An OBTT

Moreno W, Treu R, Dietrich, WD

consortium study
Abstract A18-02. J
Neurotrauma 34 (2017)

Evaluation of minocycline in the

Dixon CE, Yan H, Ma X, Empey P,

controlled cortical impact model

Poloyac S, Feldman K, Kochanek P

of traumatic brain injury: An OBTT
consortium study
Abstract A18-10 and DBA-07. J
Neurotrauma 34 (2017)

Evaluation of minocycline in the

Okada-Rising S, Pandya J, Caudle K,

WRAIR PBBI model: Studies from

Browning J, Pedersen R, Sun J, Shear

the operation brain trauma therapy

D

(OBTT) consortium
Abstract A22-07 and DBA-09.
J Neurotrauma 34 (2017)

Overview of the first 12 therapies

Kochanek PM, Bramlett HM, Dixon CE,

evaluated by Operation Brain

Tortella FC, Dietrich WD, Mondello S,

Trauma Therapy, a pre-clinical

Hayes RL, Wang KKW, Povlishock JT,

multi-center drug and biomarker

Lafrenaye AD, Poloyac SM, Empey PE,

screening consortium for TBI

Gilsdorf J, Shear DA

Abstract B08-20. J

Operation Brain Trauma Therapy:

Lafrenaye A, Wang, K, Hayes R, Gorse

Neurotrauma 34 (2017)

Levetiracetam treatment for

K, Walker S, Ogino Y, Kochanek P,

traumatic brain injury in the micro

Povlishock J

pig
Abstract A22-05 J

Roadmap for successful

Hawkins B, Mondello S, Dixon CE,

Neurotrauma 34 (2017)

translational preclinical traumatic

Hayes RL, Smith DH, Dietrich WD,

brain injury therapy testing

Bramlett HM, Amrstead WM, Hall ED,
Saatman KE, LaPlaca MC, NobleHaeusslein LJ, Ferguson AR, Dash
P, Valadka AB, Meaney DF, Poloyac
SM, Zhang L, Bass CR, VandeVord P,
Shultz SR, Buki A, Shear DA, Long JB,
Hinds SR, Robertson CS, Prough DS,
Kochanek, PM, DeWitt DS

2017 MHSRS (Orlando Florida)

August

Overview of the first 12 therapies

Kochanek PM, Bramlett HM, Dixon CE,

27-30, 2017

being evaluated by Operation Brain

Tortella FC, Dietrich WD, Mondello S,

Trauma Therapy, a pre-clinical

Hayes RL, Wang KKW, Povlishock JT,

multi-center drug and biomarker

Lafrenaye AD, Poloyac SM, Empey PE,

screening consortium for traumatic

Gilsdorf J, Shear DA

brain injury
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J Neurotrauma 33:1729-1731,

Hidden perils of the “wild blue

2016 (editorial)

yonder” after traumatic brain injury

Lancet Neurol 16:578-580,

Adding insight to injury: A new era

2017 (commentary)

in neurotrauma
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Kochanek PM, Bayır H
Jha RM, Kochanek PM

regeneration. The LBL nature of the bioprinting
process complements the native, multilaminar
anatomy of the retina. The hypothesis is that
through LBL bioprinting with retinal stem cells
encapsulated in a biomaterial (e.g., hyaluronic
acid), the anatomically correct retina can be
regenerated in a biomimetic fashion, thus creating
a paradigm shift in retinal tissue engineering.

This work could lead to patient-specific new
strategies for repairing damaged retina tissue of
Service members due to ocular trauma or macular
degeneration.

Successes to date include development of hydrogel
biomaterials with comparable mechanical
properties that are 3D printable. This process uses
human fetal retinal progenitor cells (hfRPC) as
the cell resource for retinal tissue differentiation.
The researchers have demonstrated that these
3D-printed hydrogel materials are biocompatible
for retinal cell growth. The hfRPC can be
directed toward a specific cell fate within
3D-printed hydrogel and chemically defined
induction medium. Moreover, the hfRPC can be
differentiated into photoreceptors within a short
period of time.

Open Globe Injuries

The integration of 3D bioprinting with stem
cells represent a disruptive technology platform.

This research was funded by VRP, and is
strategically aligned with CRMRP. This award
(W81XWH-14-1-0522) is managed by CDMRP.

Open Globe Injury Patent Identification
Researchers at the VCE conducted a study to
develop methods for comprehensive and reliable
open globe injury (OGI) patient identification.
They used clinical data in the Defense and
Veterans Eye Injury Registry (DVEIVR) which
is derived from DoD and VA medical systems
(Figure 7-61). OGIs are one of the most devastating
injuries resulting from combat-related eye
trauma, including blast exposure, and proper
identification and early treatment are often
critical to saving sight. The challenges of this task
included low incidence rate, idiosyncratic military
ophthalmology vocabulary, extreme brevity of

FIGURE 7-61: OGI Identification in Aggregated Theater Eye Injury Data Registry. (Figure used with permission from the authors)
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notes, specialized abbreviations, etc. DVEIVR
modeled this problem as a text classification
task and utilized a combination of supervised
learning manner and word embedded learning in
an unsupervised manner, achieving precision of
92.5 percent and a recall of 89.83 percent (Figure
7-62). This approach is applicable to patient cohort
identification with limited training data and low
incidence rate (Apostolova et al. 2017b, 2017a).
This study illustrates the ability to properly identify
patients with OGIs in DVEIVR that will support the
effectiveness of early interventions and following
treatments to restore and/or retain visual function.

Sundry Treatments for Blast-related Injuries
Defective Methionine Metabolism in the Brain
after Repeated Blast Exposures
Increased oxidative stress in the brain is reported
to play a significant role promoting neuronal
damage associated with both brain injury and
neurodegenerative disorders (Abdul-Muneer et al.
2013, Cho et al. 2013, Li, O, et al. 2013, Readnower et al.
2010, Wang et al. 2005). The mechanism(s) leading
to increased oxidative stress after blast exposure is
still uncertain. Researchers at the WRAIR (Silver
Spring, Maryland) explored the mechanism(s)
underlying this increase in oxidative stress using
preclinical models of repeated blast-induced TBI. In
this published study, brain regions of rats exposed

to repeated blasts in a blast simulator underwent
untargeted profiling of primary metabolism by
automatic linear exchange/cold injection gas
chromatography time-of-flight mass spectrometry
and revealed acute and chronic disruptions in the
metabolism of amino acids and antioxidants (Arun
et al. 2018). Closely coupled repeated blast exposures
(19 pounds per square inch peak total pressure, 8
milliseconds duration) affected the metabolism of
the essential amino acid methionine. Methionine
sulfoxide, the oxidized metabolite of methionine,
showed a sustained increase in the brain after blast
exposure which was associated with a significant
decrease in cysteine, the amino acid derived
from methionine. Glutathione, the antioxidant
synthesized from cysteine, similarly decreased as
also did the antioxidant ascorbic acid. Reductions
in ascorbic acid were accompanied by increased
levels of its oxidized metabolite, dehydroascorbic
acid, and other metabolites such as threonic acid,
isothreonic acid, glycolic acid, and oxalic acid. Total
reactive oxygen species, a measure of oxidative
stress, increased significantly in the brain after blast
exposure. In view of the fundamental importance of
glutathione in the brain as an antioxidant, including
its role in the reduction of dehydroascorbic acid
to ascorbic acid, the disruptions in methionine
metabolism elicited by blast might prominently
contribute to neuronal injury by promoting
increased and sustained oxidative stress. These
results suggest that increasing the levels of cysteine

FIGURE 7-62: Clinical notes are classified into OGI/not OGI using machine learning ML. The text of the note is tokenized, i.e. converted to words.
The unique words across all training examples constitute the model vocabulary. The note words are converted into vectors. The length of each
vector is equal to the vocabulary size. Each vector slot indicates the presence of absence of the vocabulary word in the document (0 or 1). In practice,
instead of 0/1, the frequency of the word in the text is used, offset by the frequency of the words across all texts (tf-idf weighing scheme). In this
study 12,377 notes were used as training data and the dimension of the vocabulary was 4,032. This “bag of words” approach resulted in a precision
of approximately .9 and recall of .88. (Figure used with permission from the authors)
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in the brain by dietary supplementation of cysteine
or administration of N-acetyl cysteine could be
potential therapeutic strategies against blastinduced TBI (Figure 7-63).
In conclusion, by identifying specific neurobiological
underpinnings of blast-induced TBI, these
findings identify targets for pharmacological
countermeasures to improve outcomes.
This research was funded by MOMRP.

FIGURE 7-63: Schematic representation of the possible changes
in methionine and ascorbic acid metabolisms after repeated blast
exposures. (Figure from Arun et al. (2018) used with permission from
the authors)

Influence of Post-Concussion Sleep Duration on
Concussion Recovery
Studies have shown that sleep disturbances can
negatively affect neurocognitive and physical
performances, which are also affected in concussed
individuals (Broglio et al. 2014, Harmon et al. 2013,
Lund et al. 2010, McCrory et al. 2017, Strine and
Chapman 2005, Taylor and McFatter 2003). Recent
results suggest that many concussed athletes report
short and long-term sleep disturbances, raising the
question of how altered sleep duration may impact
performance on concussion assessments, symptom
severity, and recovery (Duclos et al. 2014, Gosselin
et al. 2009, Parcell et al. 2006, Sufrinko et al. 2015,
Tham, Fales, and Palermo 2015). Researchers at
the University of Georgia (Athens, Georgia), as a
part of the CARE Consortium, have conducted

a study to examine whether sleep duration after
concussion influences symptoms, balance, and
neurocognitive performance during the course of
recovery (Hoffman et al. 2017). Study participants
were drawn from college athletes from the CARE
Consortium sites who completed a multidimensional
concussion assessment battery at baseline, within
24-48 hours of injury, once asymptomatic, and after
return-to-play. As a part of the assessment battery,
they completed the Sports Concussion Assessment
Tool 3 (SCAT3), the Standardized Assessment of
Concussion (SAC), the BESS, and the Immediate
Post-Concussion Assessment and Cognitive Testing.
The concussed participants were placed into
three groups based on whether they experienced
shorter sleep duration, no sleep change, or longer
sleep duration following concussion throughout
concussion recovery. The time to recovery did not
differ between groups; however, symptom severity
was significantly greater in the shorter sleep group
compared to the other groups at 24-48 hours and
2-4 days post-injury. Similarly, reaction times were
slower in the shorter sleep group during this same
period. Interestingly, most concussed participants
studied fell into the longer sleep group, not the
shorter sleep group. These data suggest that
concussed individuals should be screened for sleep
disturbances following injury, and short-term sleep
interventions may be helpful during recovery for a
subset of concussed individuals.
The results from this study could impact guidelines
for clinical treatment of Service members with
concussion during recovery.
This study was funded by PH/TBIRP, and is
strategically aligned with CCCRP. This award
(W81XWH-14-2-0151) is managed by CDMRP.
Nebulized Epinephrine in Burn and Smoke
Inhalation Injury
Researchers at the University of Texas Medical
Branch at Galveston (Galveston, Texas) investigated
the effects of nebulized epinephrine for alleviating
acute respiratory distress syndrome (ARDS)
following smoke inhalation and burn in animal
models and in a pilot human study. The study
design involved testing the efficacy of nebulized
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epinephrine in two different animal models of
ARDS and conducting a pilot clinical study to
investigate the efficacy of nebulized epinephrine in
burn patients with smoke inhalation at the Shriner’s
Hospital for Children (Galveston, Texas) (Foncerrada
et al. 2017) (Table 7-9). A total of 16 patients
were enrolled and administration of nebulized
epinephrine was found to be safe with no adverse
effects. Although the study had a limited number of
subjects, the effect of nebulized epinephrine appears
to have favorable outcomes compared to those
receiving nebulized albuterol (standard care) and
nebulized phenylephrine such as strong tendency
to reduce ventilator days and/or length of stay in
hospital, and improve physical endurance.

training, and translation of current research into
clinical practice. This line of effort is focused on
developing strategies to improve collaboration,
optimize system efficiencies, and enhance the
continuum of care across the two federal healthcare
systems. EACE Clinical Affairs facilitates relevant
research, collaboration, and partnerships across
multidisciplinary international, federal and
academic networks to optimize the QOL for DoD
beneficiaries and Veterans.
Education and training is an essential subset
for this line of effort. The Federal Advanced
Amputation Skills Training Symposium (FAAST)
is an annual training symposium developed
collaboratively between the DoD and VA to provide
federal healthcare professionals and researchers
with advanced knowledge and skills that can be
practically implemented into amputation care. This
face-to-face training also minimizes knowledge gaps
between the two federal healthcare systems.

This research was funded by the Military Burn
Research Program (MBRP), and is strategically
aligned with CCCRP. This award (W81XWH-12-20086) is managed by CDMRP.

Conferences and Symposia

The 2017 training event was held on the WRNMMC
and USUHS’ campuses on July 11–13, 2017 (Figure
7-64). Attended by more than 250 DoD/VA
clinicians and researchers, the 2017 FAAST saw a 58
percent increase in participation from the previous
year which allowed for 64 small group, hands-on
training sessions. These training sessions provided
eight times more skills training opportunities
over previous years. The overwhelmingly positive
responses from DoD and VA attendees were

2017 Federal Advanced Amputation Skills
Training Symposium
During FY17, the Clinical Affairs staff at the
Extremity Trauma and Amputation Center of
Excellence (EACE; San Antonio, Texas), using
intramural funds, assessed and advised on extremity
trauma and amputation clinical care across the
DoD and VA. The goal is to assist clinicians with
guidelines and recommendations, education and

TABLE 7-9: Patient characteristics*
*Values are presented as mean ± standard deviation unless otherwise noted. Total body surface area (TBSA). Not Applicable (NA). (Table from Foncerrada et
al. (2017) used with permission from the authors)

Standard of Care,
n=8

Standard of Care
Plus Epinephrine,
n=8

P

5:3

6:2

NA

13±4

11±2

0.481

Height (cm)

148.6±19.5

144.8±19.2

0.713

Weight (kg)

52.3±21.7

42.1±14.9

0.306

TBSA burn (%)

58±14

49±18

0.277

TBSA full-thickness burn (%)

51±20

43±24

0.502

Characteristics
Sex, male:female
Age (yr)
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Research highlights with poster, e-poster and
platform sessions on twelve key topics
Advanced upper extremity amputation
rehabilitation and prostheses

There were three of the newly commercially
available Life Under Kinetic Evolution arms for
clinicians to examine and practice with as well as
other cutting-edge tools and techniques. Clinicians
could learn and practice functional skills to apply
immediately upon returning to work.
FIGURE 7-64: General Session of the FAAST on osseointegration.
(Figure used with permission from the authors)

indicated by 95.1 percent of participants rating their
overall satisfaction with the training as “agree” or
“strongly agree” that the conference met its intended
objectives for their development and application of
new clinical skills.
The objectives for the 2017 FAAST were designed
to provide information and small group hands on
training on how to:
•
•
•

•

Apply lower limb orthotic and prosthetic
technology in practice
Implement upper extremity orthotic and
prosthetic technology
Prescribe and select appropriate upper and
lower extremity components for the care of
persons with amputations being treated in a
trans-disciplinary clinic setting
Apply upper and lower limb amputation
rehabilitation approaches to improve patient
care and maximize clinical outcomes

In summary, provider and team education is a high
priority for both DoD and VA to insure optimal care
of traumatic combat amputees. Sharing knowledge,
best practices, and research findings will enrich and
sustain provider knowledge, skills, and abilities.
Sixth Military Vision Symposium of Ocular and
Vision Injury
In March 2017, staff from the VCE participated
on the organizing committee and a presented at
6th Military Vision Symposium on Ocular and
Vision Injury, which is organized and sponsored by
Schepens Eye Research Institute, Massachusetts
Eye and Ear Infirmary, and Harvard Medical
School. Attendees, including vision researchers,
ophthalmologists, and military SMEs, discussed
the latest advancements in eye research and
military vision care with focus on blast injuries.
The presentations ranged from the areas of blast
physics to consequences of blast eye injury, and the
rehabilitation and restoration of visual function after
exposure to blast. VCE staff made two presentations:
1.

Highlights of the training included:
•
•

•

Multiple prosthetics laboratory sessions to
review the ideal care for various amputations
Clinician training on surgical and rehabilitation
techniques for osseointegration of the humerus
and the femur
Three days of hands-on gait assessment,
remediation, and outcomes metrics training

Blast Physics and Blast Consequences
(Mazzoli 2017b) - The signature weapon of the
current conflict is said to be the IED, which,
fundamentally, is a high-energy explosive
detonated in the proximity of ground-based
personnel. This creates a dramatic injury
pattern of complex and devastating polytrauma,
including ocular polytrauma. In reality,
however, explosions of this sort are not limited
to military battlefields, as domestic terrorism
and industrial accidents become increasingly
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commonplace. In this light, an understanding
of blast physics and injury mechanisms
is germane to ophthalmologists and
researchers in all segments of society. This
introductory talk will discuss fundamentals
of high-energy blast physics as well as blast
injury mechanisms. It will also touch on
characteristics of low-energy and thermobaric
munitions. The talk set the stage for
subsequent symposium presentations that will
discuss these aspects in greater detail.
2.

Overview of Public Health Aspects of Eye
Injuries in Mass Casualties (Mazzoli 2017c)
- Ocular injuries represent a significant
component of domestic mass casualty events,
regardless of the nature or setting of the
incident. Whether the result of industrial
accident, domestic terrorism, natural disaster,
or other calamity, eye and vision injuries
will affect both the casualties and those
attempting to care for them. Recent examples
include Hurricane Katrina, the Reno Air Show
crash, the Boston Marathon Bombing, the
West, Texas fertilizer plant explosion, and
the New Jersey commuter train crash. Public
health considerations span from disaster
response planning to prevention, mitigation
at the pre-ophthalmic points of care, and
treatment.

The symposium—the first of its kind to focus
on blast consequences and effects on the eye—
introduced the audience to the spectrum of ocular
injuries likely to ensue from high energy blasts.
Because these incidents are no longer exclusive
to the military, civilian clinicians and researchers
will be more prepared to address these injuries,
and will understand the challenges faced by these
ocular casualties.
Improvements in Clinical Care and
Rehabilitation of Blast-related Eye Trauma
In May 2017, Researchers from the VCE
were invited speakers at a special session of
the Association for Research in Vision and
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Ophthalmology on Eye and Vision Trauma with
a focus on military trauma and blast-related eye
injuries. They gave a presentation on “Advances
in Military Ocular and Combat Casualty
Care: Translating Lessons Learned in War to
Peacetime Practice” and “Open Globe Injuries in
the DVEIVR” (Eliason 2017, Mazzoli 2017a).
1.

Advances in Military Ocular and Combat
Casualty Care: Translating Lessons
Learned in War to Peacetime Practice 2017 marked the centenary of the U.S.’s
entry as a combatant in World War 1. This
presentation examined the nature of combat
injuries and the evolution of combat eye care,
focusing particularly on improvements and
persistent gaps in care over the last 100 years
(Figure 7-65).

2.

Open Globe Injuries in the Defense and
Veterans Eye Injury and Vision Registry:
An analysis of open globe injuries from
2001 - 2015 among active Service members
reveals that they are distinct from civilian
open globe injuries in their mechanisms
of injury (the majority being caused by
projectiles rather than falls) and in the
frequency of associated intraocular foreign
bodies (greater than half in Service members
compared to 1-2 percent in the civilian
population). Among Service members, open
globe injuries are associated with a greater
risk of subsequent ophthalmic complications,
including traumatic cataracts and glaucoma,
than closed globe injuries; and open globe
injuries with intraocular foreign bodies
have an elevated risk of complications in
general compared to open globe injuries not
involving intraocular foreign bodies.

These presentations represent improvements in
clinical care and rehabilitation of blast-related
eye trauma that will impact this field including
treatment provided to Service members.

FIGURE 7-65: Advances in eye protection during combat. (Figure used with permission from the authors)

Program Area: Reset

Brain Injury Diagnostics

The DoD Blast Injury Research Program is
committed to reducing recovery time and
improving the QOL for Service members who
have experienced blast injuries. These efforts
maximize the possibility of their RTD 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 blastrelated psychological disorders, amputations,
and other injuries with long-term effects on
QOL. 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.

Open-Source Software for Improved Diagnosis
of mTBI and PTSD and Discrimination of the
Two
Symptoms associated with PTSD and mTBI
frequently overlap and can be both subtle and
transient. There is currently no objective way
of definitively diagnosing each of these injuries
other than self-report or clinician administered
assessments. This research addresses these critical
gaps in the diagnosis and treatment of Service
members by using an emerging, non-invasive
neuroimaging technology, magnetic resonance
spectroscopy (MRS) (Figure 7-66). Using widely
available MRI platforms, MRS can be used to
compare relative concentrations of chemicals in
the brain that have been used for the accurate
diagnosis of neurological diseases such as brain
tumors, Alzheimer’s disease, and chronic pain.
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FIGURE 7-66: Diagnostic figures depicting effects of processing
steps using Open MRSLab, an open-source software repository for
MRS data analysis tools (https://github.com/openmrslab) (Figure
used with permission from the authors)

Recent advances in MRS data analysis have
been conducted by researchers at the Draper
Laboratory (Cambridge, Massachusetts) and
Brigham and Women’s Hospital, Inc. (Boston,
Massachusetts). These techniques have allowed
for the identification of biomarkers using
statistical signal processing algorithms and
advanced pattern recognition methods that
enable biomarker discovery and classification
algorithms capable of revealing discriminating
metabolic markers in MRS measurements. This
project is using a multi-parametric approach
using conventional one-dimensional spectroscopy
as well as major advances in two-dimensional
correlated spectroscopy to identify biomarkers
that can be used to distinguish between PTSD,
TBI, and their comorbidity.
To accomplish the study aims, the research team
has developed methods to improve the processing
of MRS images. They addressed how to correct for
temporal variation in repeated MR scans, which
are required for this type of analysis (Rowland
et al. 2017). In addition, they have developed
robust statistical methods for analyzing raw data
to reduce the level of noise and artifacts in MRS
signals as well as control for the disparity across
data sets acquired from different devices (Irvine,
Mariano, and Rowland 2016).
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Reproducibility of MRS methods in the scientific
literature is hampered by the use of home-grown
tools and often a lack of detail of how those tools
are utilized. Therefore, there is a need for a
freely available set of tools for spectroscopy postprocessing open to the whole MRS community,
which would allow for improved rigor and
transparency of MRS data analysis and provide
the necessary standardization that has so far
eluded the field of MRS. A goal of this project is to
provide a completely open-source environment for
the development and sharing of MRS data analysis
and signal processing methods. The team has
made their post-processing tools freely available to
the research community at OpenMRSLab: https://
github.com/openmrslab (Rowland, Mariano, and
Irvine 2016). This effort will improve diagnosis of
mTBI and PTSD and discrimination of the two.
This project is funded by PH/TBIRP, and is
strategically aligned with MOMRP. The awards
(W81XWH-10-1-0835 and W81XWH-10-1-0785)
are managed by CDMRP.
Cerebrospinal Fluid Biomarkers
Corresponding to Memory and Executive
Function in Chronic TBI
Trauma-associated neurodegenerative diseases,
including CTE, continue to generate significant
interest, but have many unanswered questions
relating to: onset, progression, timing of
pathological changes, and degree of association
with TBI. In the case of CTE, diagnosis is, at
present, only possible at autopsy, as there is no
current method for effective detection in living
persons. Recent military conflicts have resulted
in a significant military population with TBI or
exposure to concussive and subconcussive blast
forces. The process of neurodegeneration typically
occurs at longer timescales following TBI and is,
to the best of our knowledge, irreversible. Thus,
there is a pressing need to understand TBIassociated neurodegeneration, understand the
contribution of TBI to risk of decline, and develop
diagnostic markers to detect neurodegeneration
earlier in life.

The proteins A-beta and tau have been implicated
in a number of neurodegenerative diseases,
including CTE, and represent a promising
lead in developing accurate in vivo diagnosis.
Researchers at the University of Pittsburgh
(Pittsburgh, Pennsylvania) have been developing
a neuroimaging- and blood-based biomarker
panel that can detect CTE in individuals with
a history of TBI and at risk for developing a
neurodegenerative disease. This work involves
the use of positron emission tomography (PET)
imaging markers for A-beta and tau, and an
enzyme-linked immunosorbent assay (ELISA) of
CSF in participants with chronic TBI (Military,
Veteran, and civilian) from the Pittsburgh
TEAM-TBI clinical trial. A central goal of this
work is to understand the linkage between A-beta
and tau and persistent cognitive impairments.
In preliminary work presented at the 2017
MHSRS, the study team reported that
neuropsychological outcome on measures of
memory and executive function corresponded to
CSF biomarkers of tau and A-beta concentrations
(Puccio et al. 2017). Of 19 chronic TBI participant
(>6 months of injury), CSF tau/Amyloid Beta 42
(Aβ42) ratio was inversely associated with Trails
B testing (Spearman p >-0.49, p<0.047) and CSF

Aβ40 concentration was inversely correlated
with California Verbal Learning Test Short Delay
Free Recall and Long Delay Free Recall results
(Spearman p >-0.51, p<0.032; p >-0.50, p<0.034,
respectively).
Two patients were identified with significant
cognitive sequelae in the chronic phase of TBI.
Both patients (Figures 7-67 & 7-68) demonstrated
decreased regional glucose metabolism ([18F] FDG
PET) (D) in posterior brain regions and global
increased amyloid deposition (uptake of [11C] PiB)
(C) in a pattern similar to that demonstrated in
Alzheimer’s Disease. The pattern of [18F] AV-1451
uptake (B) is most prominent in occipital, parietal,
and temporal lobes in both patients. This pattern
is similar to the uptake of other tau-specific
radiotracers that have been studied in patients
with suspected CTE. It is also in agreement with
the neuropathological findings of tauopathy in
autopsy specimens of patients with advanced,
stage IV CTE.
In summary, development of biomarker panels
and assays for CTE will enable earlier diagnosis
of TBI-associated neurodegenerative diseases in
living subjects and inform potential treatment
strategies and therapeutic targets for chronic TBI.

FIGURE 7-67: Case 1: Navy explosive ordinance Veteran with history of both blunt head trauma and numerous blast-related TBI. (Figure
used with permission from the authors)
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FIGURE 7-68: Case 2: individual with long-standing history of numerous sports-related concussions. (Figure used with permission from the
authors)

This study was funded by PH/TBIRP, which is
strategically aligned with CCCRP. The awards
(W81XWH-13-2-0079, W81XWH-14-2-0002, and
W81XWH-12-2-0140) were managed by CDMRP.
Altered Brain Activity during Word Finding in
mTBI
Patients with a history of mTBI and objective
cognitive deficits frequently experience word
finding difficulties in normal conversation.
Researchers at the NICoE (Bethesda, Maryland)
at WRNMMC (Bethesda, Maryland) sought to
improve the understanding of this phenomenon by
determining if the scores on standardized cognitive
testing are correlated with measures of brain activity
evoked in a word retrieval task (confrontational
picture naming). The study participants (n = 57)
were Service members with a history of mTBI.
The General Memory Index (GMI) determined
after administration of the Rivermead Behavioral
Memory Test, Third Edition, was used to assign
subjects to three groups: low cognitive performance
(Group 1: GMI ≤ 87, n = 18), intermediate cognitive
performance (Group 2: 88 ≤ GMI ≤ 99, n = 18), and
high cognitive performance (Group 3: GMI ≥ 100, n
= 21).
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Magnetoencephalography data were recorded while
participants named 80 pictures of common objects.
Group differences in evoked cortical activity were
observed relatively early (within 200 milliseconds
from picture onset) over a distributed network
of left hemisphere cortical regions including the
fusiform gyrus, the entorhinal and parahippocampal
cortex, the supramarginal gyrus and posterior part
of the superior temporal gyrus, and the inferior
frontal and rostral middle frontal gyri. Differences
were also present in bilateral cingulate cortex and
paracentral lobule, and in the right fusiform gyrus.
All differences reflected a lower amplitude of the
evoked responses for Group one relative to Groups
two and three.
These findings may indicate weak afferent inputs to
and within an extended cortical network including
association cortex of the dominant hemisphere
in patients with low cognitive performance. The
association between word finding difficulties
and low cognitive performance may therefore be
the result of a diffuse pathophysiological process
affecting distributed neuronal networks serving a
wide range of cognitive processes. These findings
also provide support for a parallel processing model
of lexical access.

In conclusion, this study demonstrates that patients
with a history of mTBI, word finding difficulties,
and reduced cognitive function exhibit altered
activity of the brain’s left hemisphere that may help
determine those at risk for sustained post-concussive
symptoms and inform the development of treatment
strategies to alleviate those symptoms.
This study was funded by NICoE.
Development of a Natural Language Processing
System that Extracts PTSD Clinical Data
Researchers at the North California Institute
for Research and Education (San Francisco,
California) are conducting a study to determine the
effectiveness of evidence-based therapies for PTSD
applied naturalistically in a clinical setting, factors
associated with PTSD symptom improvement, and
optimal treatment trajectories for Veterans with
PTSD and complex comorbidities. To accomplish
the goals of this study, several datasets drawn from
electronic medical records (EMR) from the VHA
will be updated and merged, and a natural language
processing (NLP) system will be developed to
extract relevant data.
During FY17, researchers succeeded in developing
a NLP system with excellent performance
characteristics for determining the type of
psychotherapy described in VHA clinical notes.
They found that positive predictive value was greater
than .91 and sensitivity was greater than .92 for all
types of PTSD evidence-based treatment (EBT),
including Cognitive Processing Therapy (CPT)
individual and group, and Prolonged Exposure (PE)
individual therapy (Figure 7-69). They completed
seven major annotation projects resulting in over
11,935 documents, 1,297 of which were annotated
by four people (quadruple-annotated) and 7,226 of
which were double annotated. They also developed
an NLP system to extract PTSD Checklist (PCL)
scores from clinical notes with excellent accuracy
(98 percent positive predictive value). They were
also able to obtain preliminary numbers related
to psychotherapy utilization among Iraq and
Afghanistan Veterans, as well as, information about

FIGURE 7-69: Prevalence of psychotherapy among cumulative
PTS mental health patients. (Figure used with permission from the
authors)

their use of PTSD evidence based psychotherapies.
Descriptive analyses of psychotherapy utilization
(2005-2014), based on NLP output, showed that
although the absolute number patients with PTSD
increased substantially (~18-fold) between 2005 and
2014, the proportion engaged in any psychotherapy
remained below 50 percent, and the number
engaged in EBT remained below 10 percent by 2014.
Health care utilization is a critical part of
understanding the continuum of care and
effectiveness of EBTs for Service members with
PTSD. Understanding the current state will allow
steps to be taken to improve utilization.
This study was funded by the Joint Warfighter
Medical Research Program (JWMRP), and is
strategically aligned with MOMRP. The award
(W81XWH-15-1-0038) is managed by CDMRP.
Screening for Hormonal Deficiencies in Serum
from U.S. Marines with Blast-related mTBI:
Preliminary Findings
The estimated prevalence of TBI within U.S. troops
deployed to Iraq and Afghanistan is 20 percent
(Schell and Marshall 2008). A positive relationship
between hypopituitarism and mTBI has been found
in the Veteran and active duty military populations
(Wilkinson et al. 2012). It is not currently standard
procedure to screen blast-related mTBI patients
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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for pituitary hormone deficiencies. The NHRC
(San Diego, California) and collaborators from
the Department of Veterans Affairs Puget Sound
Health Care System (Seattle, Washington)
sought to identify if serum hormone deficiencies
characteristic of hypogonadism and growth
hormone deficiency (GHD) occurred significantly
more often among U.S. Marines who sustained a
blast-related mTBI while deployed during OEF or
OIF than among similarly deployed Marines not
blast exposed (NBE).
The NHRC’s EMED, which contains unique pointof-injury medical data, was used to identify male
Marines meeting the study criteria: 75 with blastrelated mTBI and 50 who were NBE. The DoD
Serum Repository provided pre-deployment and
post-deployment samples that were then measured
for luteinizing hormone (LH), testosterone, and
insulin-like growth factor-1 (IGF-1). Hormone
deficiencies were identified based on generally
accepted percentile cutoffs of a reference sample’s
normal distribution. Hypogonadism was defined
as a deficiency in testosterone levels and low or
moderate LH levels (testosterone levels below
the pre-deployment fifth percentile and LH
levels below the pre-deployment 95th percentile,
respectively). GHD was defined as IGF-1
levels <2 standard deviations below the mean.
Preliminary analysis focused on individuals who
were determined to be hormone deficient postdeployment and who were not hormone deficient
pre-deployment (Clouser, Shannon, et al. 2017a,
Clouser, Shannon, et al. 2017b). Fisher’s exact
test was used to examine the post-deployment
associations between hormone deficiency and
TBI status. Based on the post-deployment serum
sample, 13 percent (16/125) were classified as
hormone deficient (14.7 percent [11/75] mTBI,
10 percent [5/50] NBE). Of those, 69 percent
(11/16) were classified as HG (8 mTBI, 3 NBE)
and 31 percent (5/16) were GHD (3 mTBI, 2 NBE).
Fisher’s exact tests for the relationship between
each condition and mTBI were not statistically
significant (p = 0.59 and p = 0.64, respectively).
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Further investigation is warranted to determine
the prevalence of posttraumatic hypopituitarism in
active-duty Service members.
This study was funded by the Navy BUMED WII.
Plasma Phospho-Tau, Total Tau, and PhosphoTau–Total Tau Ratio as Acute and Chronic TBI
Biomarkers
Researchers at the State University of New York,
Downstate Medical Center (Brooklyn, New York)
explored the question: What is the association
between plasma phospho-tau and total-tau levels
and TBI presence, severity, type of pathoanatomic
lesions, and patient outcome?
To answer this question, they conducted a cohort
study using plasma samples from the TRACK-TBI
pilot study collected at a single time point from 196
patients with acute TBI and 21 patients with severe
TBI admitted to receive inpatient rehabilitation
(Yue et al. 2013). Plasma phospho-tau levels and
phospho-tau:total tau ratio during the acute
phase and chronic TBI were superior to total-tau
levels for discriminating the severity and status of
neurotrauma patients from healthy controls.
Based on these findings, plasma phospho-tau levels
and phospho-tau:total tau ratio might be useful
diagnostic and prognostic biomarkers for both
acute and chronic TBI (Rubenstein et al. 2017).
In summary, clinicians will benefit from
utilizing biomarker profiling to guide therapeutic
intervention and monitor therapeutic efficacy in
Service members with acute or chronic TBI.
This study was supported with funding from DMRDP,
and is strategically aligned with CCCRP. The award
(W81XWH-14-2-0166) was managed by CDMRP.
Reduced Sustained Visual Attention is
Associated with Remote Blast mTBI and
Current PTSD
Attention problems, including sustained attention,
are common cognitive complaints of Veterans with
TBI and PTSD (Arciniegas et al. 2005, Arciniegas,

Held, and Wagner 2002, Aupperle et al. 2012). A
mTBI sustained in a combat environment often
results from intense and emotionally traumatic
events where threat of death or serious injury to
self or others is prominent thus, mTBI is frequently
associated with comorbid mental health disorders,
such as PTSD. Researchers at the Minneapolis
Veterans Affairs Health Care System (Minneapolis,
MN) and University of Minnesota (Minneapolis,
MN) sought to examine neural correlates of
sustained attention in Veterans with blast mTBI
and/or current PTSD. By examining event-related
potentials (ERPs) elicited during a performance
task, researchers found that participants with TBI
and PTSD showed reduced amplitude of the P3b
ERP at the midline electrode site (Pz) compared to
the control group, suggesting that this task-related
amplitude reduction may be an index of pathology
after combat trauma.
The study participants consisted of 124 Veterans
of OEF/OIF, with self-reported traumatic combat
experiences or exposure to explosive blasts during
their most recent deployment. Participants
completed a clinical interview, and symptoms
of mTBI were assessed by interview using the
semi-structured Minnesota Blast Exposure
Screening Tool. Based on blast TBI severity
scoring, participants were separated into four
groups: Blast mTBI, PTSD, Blast mTBI + PTSD,
and Control. Electrophysiological data collection
took place while participants completed a degraded
stimulus version of the continuous performance
task (DS-CPT). This computer-based assessment
of vigilance evaluates the ability of the test-taker
to maintain, over a prolonged period of time,
continuous and focused attention for detecting and
responding to visual stimuli. Group differences
in electrophysiological component amplitudes (as
associated with target detection) were examined
separately for event-related potential components
at lateral parietal electrode sites, an occipital
midline site, and three midline sites.
Analysis of the electrophysiological data
determined that the amplitude of the early

sensory-related ERPs did not differ as a function
of group membership, suggesting that sensory
processing of stimuli was intact in the three
affected groups (Figure 7-70). However, P3b
amplitude at site Pz showed a group effect such
that the Blast mTBI, PTSD, and Blast mTBI +
PTSD groups showed a comparable reduction in
P3b amplitude compared to Controls. Variation
in P3b amplitude reflects attentional allocation to
stimulus processing and the updating of working
memory for preceding stimulus events.
In conclusion, the reduced P3b amplitude in
the Blast mTBI, PTSD, and Blast mTBI + PTSD
groups, compared to the Control group, may reflect
reduced neural capacity in attentional resource
allocation compared to Controls. P3b amplitude
elicited during the DS-CPT task was similarly
reduced across these three groups as compared to
the Control group (Gilmore et al. 2018).

FIGURE 7-70: A) Average ERPs elicited during the degradedstimulus continuous performance task (DS-CPT), at midline parietal
site Pz only, from Controls (solid lines), Blast mTBI (dash lines),
PTSD (dotted lines), and comorbid Blast mTBI + PTSD (dash-dot
lines) groups for Target (the “0” stimulus that required a buttonpress response in the DS-CPT; black lines) and Non-Target (red lines)
stimuli. B) Bar plot showing the mean P3b amplitude (calculated
as the mean amplitude within the 350–650 ms time window (see
Methods section); bars represent the 95% Confidence Interval) for
each Group for both Target and Non-Target stimulus conditions. (For
interpretation of the references to color in this figure legend, the
reader is referred to the web version of this article.) (Figure from
Gilmore et al. (2018) used with permission from the authors)
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The study indicated that a specific
electrophysiological marker elicited by a
sustained-attention task (DS-CPT) may be
indicative of brain pathology after combat
trauma. Those with blast-related mTBI and/or
current PTSD showed a reduction in this ERP
reflecting cognitive dysfunction common across
both conditions. This marker could be valuable
as part of a clinical profile for use in the diagnosis
and/or assessment of brain injury symptom
recovery and resolution, informing clinical
decision-making.
This research was supported by DVBIC.

Burn Injuries
Modulation of Burn Scars through Laser
Assisted Delivery of Stem Cells
Researchers at the University of Miami School of
Medicine (Miami, Florida) and military research
partners from the USAISR have advanced and
investigated the use of laser therapy alone and as
an adjunctive therapy to co-deliver stem cells to
mitigate hypertrophic scars that are formed in a
Duroc pig model of third degree thermal burns
(that are formed using a branding iron). After
burn scars were allowed to develop for 70 days
on the backs of the animals, each scar received
either carbon dioxide (CO2) or erbium-doped
yttrium aluminium garnet (Erbium:YAG) ablative
fractional lasers with and without the co-delivery
of stem cells (allogeneic or autologous adipose
stem cells or bone marrow derived mesenchymal
stem cells). Biopsy samples were taken from burns
scars at various days post treatment for histologic
evaluation, protein expression and cell culture
analysis. Both lasers alone appeared to modulate
hypertrophic burn scars with Erbium:YAG laser
having an overall better clinical appearance.
Interestingly, the deeper channels created by
lasers in particular by CO2 at higher settings
appeared to limit the ability to deliver cells, which
was hypothesized to be caused by thermal induced
coagulation observed in the deeper channels.
It is also likely that the high levels of ablative
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Laser assisted co-delivery of stem cells
can potentially reduce the morbidity of
post-burn scar contracture for injured
Service members.

fractional laser energy produce a debridement
effect on scars. Although observations also
found that autologous stem cells in combination
with Eribium:YAG laser also treat hypertrophic
burn scars well. The data also indicates that
repeat administration could further improve
the scar modulation. In addition, the group also
investigated the use of Polyethylene glycol (PEG)ylated gels to prolong the effect of allogeneic stem
cells on treated scars and found it to exert an
extended paracrine response.
This study is funded by MBRP, and is strategically
aligned with CCCRP. The award (W81XWH-12-20078) is managed by CDMRP.
Effects of Burn Injuries on Thermoregulatory
and Cardiovascular Responses: Implications
for the Standards of Medical Fitness
Researchers at the University of Texas
Southwestern Medical Center at Dallas, (Dallas,
Texas), set out to obtain the necessary data
and provide the U.S. Army with scientifically
supported recommendations for a revised
Standards of Medical Fitness that will result in
improved health, safety, and performance of the
Service member, while balancing the adverse
consequences of unjustifiably excluding new
recruits and medically discharging current
Service members who sustain a significant burn
injury.
The first aim investigated whether the absolute
effective body surface area (BSA) or the percent
BSA burned best predicts the core temperature
response to exercise in the heat. Sixteen healthy
non-burned individuals (eight large and eight
small) were recruited. On separate occasions,
subjects cycled at ~100 Watts for one hour in 39

degrees Celsius, 20 percent relative humidity
environment with a simulated burn injury
of 0 or 40 percent total BSA. A simulated 40
percent burn injury reduced the effective BSA to
1.35±0.05 meters squared and 1.01±0.07 meters
squared in large and small groups, respectively.
Greater elevations in core temperature were
observed in small, irrespective of condition. For
both groups, the elevation in core temperature
was exacerbated by the 40 percent simulated
burn (p<0.01), yet the magnitude of the increase
in core temperature from 0 to 40 percent
simulated burn was not different between
groups (p=0.37). Despite the same 40 percent
BSA burned, smaller individuals showed a
~0.75 degrees Celsius greater elevation in core
temperature during exercise.
In exercise-based rehabilitation or physically
demanding occupational settings, activities
performed at the same absolute intensity will
place burn survivors of smaller body size, but
with the same percent BSA burned, at greater
risk for hyperthermia. The findings could impact
recruitment of individuals with burns that would
have normally disqualified them from joining,
and help retain highly trained Service members
who have completed rehabilitation following
burn injuries.
This work was funded by MBRP, and is
strategically aligned with CCCRP. The award
(W81XWH-15-1-0647) is managed by CDMRP.

Extremity Trauma Rehabilitation
Development of a Large Animal Model for
Heterotopic Ossification
Medical advancements in OIF and OEF have
led to a 92 percent survival rate of combatinjured Service members, a higher proportion
than any previous military conflict. However,
approximately 70 percent of war wounds have
involved the musculoskeletal system, largely
from the use of improvised explosive devices and
rocket propelled grenades (Covey 2006, Isaacson,

Potter, et al. 2016, Isaacson, Weeks, et al. 2010). In
fact, there have been approximately 1,700 Service
members who have major limb loss from the Iraqi/
Afghanistan conflicts (Isaacson, Hendershot, et al.
2016). Given the intense nature of blast injuries,
which require rapid tourniquet use, debridement
and surgical intervention, heterotopic ossification
(HO) has been reported to occur in approximately
63 percent of wounded Service members with
limb loss or major extremity injuries (Forsberg
et al. 2009, Forsberg and Potter 2010, Potter et al.
2007). Reports of recent OIF and OEF combatrelated amputees with known HO have indicated
that approximately 20-40 percent of affected
patients required surgery to excise their bony
masses (Potter et al. 2007, Potter et al. 2009,
Tintle et al. 2012, Tintle et al. 2014). Symptomatic
HO may delay rehabilitation regimens since it
often requires modifications to prosthetic limb
componentry and socket size.
To date, no empirical evidence has indicated
a mechanism for quelling or preventing
metabolically active HO. Correlative factors,
such as gender, genetics, bioelectric signals,
infection, and age have been associated with
ectopic bone growth, but studies have often lacked
histologic corroboration and advanced radiologic
quantification (Bayley 1979, Goldman 1980,
Hosalkar et al. 2009, Isaacson, Stinstra, et al. 2010,
Kaplan et al. 1994, Potter et al. 2006, Wittenberg,
Peschke, and Botel 1992). Ectopic bone formation
has been induced in various animal models,
however, the most practical approach, and one that
is highly understudied, is the ovine (Anthonissen et
al. 2014, Kan and Kessler 2011). Sheep have nearly
identical mineral apposition rate levels and bone
ingrowth into orthopaedic implants as that of
humans and closely replicate the clinical condition
(Bloebaum et al. 2007, Willie et al. 2004). Further,
the development of a large animal model (ovine)
will address what Forsberg et al. (2014) noted in
Burned to the Bone that “one of the challenges
preventing advances in this field has been the lack
of robust animal models for HO.”
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Extensive research at the Henry M. Jackson
Foundation (Bethesda, Maryland), the Center for
Rehabilitation Sciences (Bethesda, Maryland)
and the University of Utah (Salt Lake City, Utah)
by a team of military physicians, bone biologists,
and rehabilitation experts have observed several
common factors that may act as catalysts for
inducing HO and create a model using the
following: (1) an air impact device to cause
localized bone and musculature trauma, (2) a
tourniquet to induce hypoxia, (3) a wound vacuum
to generate negative pressure, and (4) bioburden
in the wound site to increase the likelihood for
developing a localized and systemic infections. To
date, the researchers have conducted 13 surgeries
and demonstrated the ability to generate ectopic
bone (Figure 7-71). The approach is being further
refined to evaluate these factors individually and
in combination to understand what exacerbates
HO. Successful demonstration of this work will
lead to evidence-based medicine, and be vital for
combat casualty care and rehabilitation of Service
members.
In conclusion, complications from HO delays
rehabilitation for Service members. A robust
translational model will explain the etiology of

this pathological condition and help plan new
clinical strategies to minimize ectopic bone
formation and recurrence.
This research was funded by DMRDP, and is
strategically aligned with CRMRP. This award
(W81XWH-16-2-0037) is managed by CDMRP.
Five Year Health Outcomes for Upper Limb
Amputation and Serious Upper Limb Injury:
An Update
U.S. Service members who sustained combat
amputations to the upper limbs in the Iraq and
Afghanistan conflicts present new challenges
for military and VA providers. Approximately
90 percent of these amputations were caused
by blast injuries (Melcer, Sechriest, et al. 2017).
Little research has been done to track their
health outcomes beyond the short-term due to
the difficulty of integrating military and VA
health data. This study described the physical
and psychological outcomes for Service members
during the first five years following injury in Iraq
and Afghanistan (2001-2008). A comparison of
clinical diagnoses for patients with upper limb
amputations to individuals with serious upper
limb injuries without amputation was conducted.

FIGURE 7-71: Micro CT images of an ovine at 24 weeks shows HO formation (red arrows). Note the reactive bone response around silica
beads (yellow arrows) that were used to grow biofilms to simulate localized infections and locations where the bone was drilled to expose
the medullary canal and generate localized trauma (blue arrows). (Figure used with permission from the authors)
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Researchers at the NHRC (San Diego, California),
the NMCSD (San Diego, California) and the
San Diego VA hospital identified study patients
and injury-specific data in NHRC’s EMED. A
retrospective review of military and VA health
databases for patients who sustained an above
elbow (AE, n = 51) or below elbow (BE, n = 80)
amputation or a serious arm injury (AIS score > 3)
without amputation (NO AMP, n = 187) in the Iraq or
Afghanistan conflicts (2001-2008) was conducted.
Injuries were coded by trauma nurses. Military and
VA health diagnoses were followed for five years
postinjury for all patients.
Most patients were injured by blast weaponry
causing serious to severe injuries (Figure 7-72).
All groups had a high prevalence of adverse physical
and psychological health diagnoses during the
first five years postinjury (Figures 7-73 & 7-74).
The prevalence for nearly all wound complications
and many physical and psychological disorders
decreased substantially after postinjury year
one. However, the prevalence of PTSD increased
substantially from postinjury year one (20 percent)
to three (36 percent). The prevalence of pain and
psychological disorders remained high during
postinjury year five (24-53 percent). After adjusting
for covariates, AE amputation patients had increased

FIGURE 7-73: Prevalence of selected physical heal complications by
postinjury years one through five. NO AMP-No Amputation-Serious
upper limb injury [AIS > 3], *p < 3, AE versus NO AMP; ++ p < 0.05, AE
versus BE; p < 0.05; +BE versus NO AMP. §p < 0.05, postinjury years).
(Figure used with permission from the authors)

FIGURE 7-74: Prevalence of psychological disorders by postinjury
years one through five. (NO AMP-No Amputation-Serious upper limb
injury [AIS > 3], *p < 3, AE versus NO AMP; ++ p < 0.05, AE versus
BE; p < 0.05; +BE versus NO AMP. §p < 0.05, postinjury years). (Figure
used with permission from the authors)

FIGURE 7-72: Prevalence of selected wound complications by
postinjury years one and five. NO AMP-No Amputation-Serious
upper limb injury [AIS > 3], *p < 3, AE versus NO AMP; ++ p < 0.05,
AE versus BE; p < 0.05; +BE versus NO AMP. §p < 0.05, postinjury
years). (Figure used with permission from the authors)

likelihood for some physical and psychological
disorders (e.g., pulmonary embolism, cervical pain,
osteoarthritis, obesity, and mood and adjustment
disorders) relative to BE or NO AMP control groups.
BE amputation patients had decreased likelihood for
osteomyelitis, and AE and BE patients had decreased
likelihood for fracture nonunion and joint disorders
relative to controls (Melcer, Sechriest, et al. 2017).
These findings can help refine existing treatment
strategies to minimize the impact of early wound
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS

165

complications and other physical and psychological
health complications on rehabilitation outcomes.
The results also can be used to guide development
of postinjury treatment pathways for patients with
upper limb amputations and other serious arm
injuries.
This study was funding by the Navy BUMED WII
Program.
Incidence and Correlates of Secondary
Musculoskeletal Conditions after Combatrelated Lower Limb Amputation
Traumatic lower limb amputations present a
unique medical and rehabilitation challenge for
the military healthcare system, as the care of the
young, otherwise healthy Service members with
limb amputations requires providing opportunities
for maintaining long, active, and productive lives.
Whether the Service member who has sustained
an amputation plans to return to active duty or
transition to civilian life, the common goal of their
rehabilitation has been to maintain highly active
lifestyles. However, lower limb loss not only leads
to limited mobility, but also increases the risk of
developing secondary musculoskeletal impairments
that can result in further mobility deficits and
could have a long-lasting influence on the Service
members’ QOL.
A series of studies by the EACE (Bethesda,
Maryland; San Diego, California; San Antonio,
Texas) researchers in collaboration with the NHRC
(San Diego, California) has focused on developing
rates of secondary overuse musculoskeletal
conditions after lower limb amputation. Overall,
the incidence of developing at least one overuse
musculoskeletal injury within the first year after
lower limb amputation was very high at 59-68
percent (Farrokhi, Mazzone, Eskridge, et al. 2017).
Service members with unilateral lower limb
amputation were almost twice as likely to develop
an overuse lower or upper limb injury as compared
to Service members with mild, combat-related
injury not requiring extensive medical attention.
Additionally, Service members with bilateral lower
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limb amputation were more than twice as likely
to develop a lumbar spine injury and four times
more likely to develop an upper limb overuse injury
within the first year after amputation as compared
to those with mild combat-related injury. The
higher incidence of spine-related musculoskeletal
conditions but not upper limb issues appear to be
in part associated with greater reliance of Service
members with bilateral lower limb amputation
on wheelchair use for early mobility (Myers et al.
2017). Other efforts related to this line of research
also include identifying effective physical therapy
practice patterns associated with prevention of
secondary overuse musculoskeletal conditions
in Service members with lower limb amputation.
For instance, recent findings suggest that earlier
use of active physical therapy treatments such
as therapeutic exercise and gait training can
lower the risk of developing upper and lower limb
musculoskeletal overuse conditions (Mazzone et al.
2017; Figure 7-75).
In summary, the incidence of developing at least
one overuse musculoskeletal injury within the first
year of amputation is over 60 percent. These EACE
studies document this clinical evidence and will help
inform clinical practice.
This study was funded by EACE.
Establishing Advanced Rehabilitation Methods
for the Upper Extremity
Blast injuries can severely impact the function of
the upper extremities. Understanding individual
hand function can assist therapists with the process
of determining relevant treatment approaches and
realistic therapeutic outcomes after injury. The
Suitcase Packing Activity (SPA) was conceptualized
to be an occupation-based functional evaluation
measure to allow bilateral and/or unilateral hand
function data to be obtained readily within a clinical
environment (Figure 7-76). Researchers from EACE
at the Center for the Intrepid (CFI, San Antonio,
Texas) and Army Baylor University Doctor of
Science in Occupational Therapy program worked
together to establish the reliability (inter-rater,

FIGURE 7-75: Incidence of developing at least one overuse musculoskeletal injury within the first year after combat-related lower limb
amputation. (Figure used with permission from the authors)

test-retest) and validity (face, content, concurrent)
of this novel assessment measure. The SPA shows
promise in contributing to evidence-based practice
by providing a quality, low-cost, composite measure
of hand function (Baumann, Cancio, and Yancosek
2017).
In addition, a systematic review of measures
of physical function and activity limitation for
persons with upper limb trauma and amputation
was conducted with the collaborative efforts of
researchers from the EACE (CFI; San Antonio,

FIGURE 7-76: SPA board with activity objects properly placed.
(Figure from Baumann, Cancio, and Yancosek (2017) used with
permission from authors)

Texas) and Providence VA Medical Center
(Providence, Rhode Island) (Resnik et al. 2017).
The study purposes were to (1) identify outcome
measures used in research studies of persons with
traumatic upper limb injury and/or amputation and
(2) evaluate the focus, content, and psychometric
properties of each measure. The most highly rated
performance measures included two amputationspecific and two non-amputation specific measures.
Highly rated self-report measures were not
amputation-specific and can be used across both
groups. These findings highlight the need for
additional research on measurement properties
of performance measures of physical function
and activity in patients with limb trauma and
amputation.
Improvements in function are a key consideration
for assistive device development for upper extremity
injuries. The DEKA Arm is one such device and
researchers from the Providence VA Medical
Center (Providence, Rhode Island), EACE (CFI, San
Antonio, Texas), James A. Haley Veterans Hospital
(Tampa, FL), New York University (New York, NY),
Gold Coast Center of Excellence (Houston, TX),
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identified predictors of retention and attrition
during the VA Home Study of the DEKA Arm
(Resnik et al. 2018). This was the first study to
examine characteristics of persons with upper
limb amputation associated with their completion
of a home use study of this advanced upper limb
prosthesis. A substantial proportion of persons
with upper limb amputation reject using a
prosthesis, either initially, or after prescription
of a device. Given the anticipated high cost for
this device and the intensive training program
for clinicians and patients that is required for
successful deployment, it is prudent to identify
both appropriate and inappropriate device
candidates prior to prescription and purchase of a
device for a given patient.
The Suitcase Packing Activity: A New Evaluation
of Hand Function was awarded “Best Paper 2016”
by the American Society of Hand Therapists.
In summary, the valid and reliable assessment
measure, the SPA, will contribute to evidencebased practice by providing a quality, low-cost,
composite measure of hand function. The
DEKA Arm findings may guide new DEKA Arm
prescription.
This work received support from EACE, BAMC,
Defense Advanced Research Projects Agency
(DARPA), BADER, and the DoD/U.S. Army Medical
Research Activity (W81XWH-11-0222, VA RR&D
A9264, and VA RR&D A9226-R)
Distraction Osteogenesis Residual LimbLengthening Device for Individuals with a
Transfemoral Amputation
Extremely proximal transfemoral amputations
pose considerable challenges for prosthesis fit
and function. A short lever arm (residual femur)
reduces energy transfer to the prosthesis, which
makes the device harder to control. In addition,
a shorter residual limb compromises socket fit,
prosthetic suspension, and energy efficiency of
gait.
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In limb lengthening by distraction osteogenesis
(DO), the bone is cleaved and the two segments
are gradually separated by an applied traction
force. During this distraction phase, new bone
is generated to fill the resulting gap. Once the
desired length is achieved, the new bone is
allowed to mature, in the consolidation phase.
Existing DO treatments for amputees require
bulky external devices or fixators that require
multiple percutaneous components, which pose a
significant infection risk to the surrounding skin
and/or bone. These devices must be worn for at
least three days per 1 mm of added length (e.g.,
100 days to lengthen and mature 3 cm). The long
treatment period, high infection risk, and severely
limited mobility required to achieve clinically
significant increases in bone length may impact
both physical and psychological health. The
benefits of a longer residual limb are thus largely
offset by the excessive treatment burden (Kuiken et
al. 2017).
Researchers at the Rehabilitation Institute of
Chicago (RIC) (Chicago, Illinois), now known as
the Shirley Ryan AbilityLab, conducted a project
that saw the development of an intramedullary
limb-lengthening device. The device will lengthen
the residual limb of transfemoral amputees who
have a short residual limb (less than 35 percent
of femoral length) using DO, while minimizing
treatment burden. The limb-lengthening device
(1) has only one distal percutaneous component,
(2) will allow accurate control of lengthening,
and (3) will stabilize the residual bone during
consolidation for earlier weight bearing. A
patent for the limb lengthener was published on
December 4th, 2014 (Kuiken 2014; Figure 7-77).
The limb-lengthening device was tested in
cadavers by four orthopedic surgeons, including
two Army surgeons. They found the device
relatively easy to install and strong enough
for its intended use. The device could have
significant benefits over current practice. For
instance, the device may significantly decrease
the treatment burden and risk of infection during

metabolic cost of walking need not unavoidably
increase after a lower limb amputation.

FIGURE 7-77: Schematic of lengthening of residual limb using
lengthening device. (Figure from Kuiken et al. (2017) used with
permission from the authors)

Restoration of gait quality plays an important role
in these results. In a retrospective study, EACE
(CFI, San Antonio, Texas) researchers found
that, although Service members with unilateral
transtibial amputation exhibit highly prevalent
(greater than 50 percent) and statistically significant
gait deviations at the ankle and knee of the
prosthetic limb and hip of the intact limb, deviation
prevalence was lower than previously reported in
the literature (Rabago and Wilken 2016). This lower
prevalence may result from the quality of, and access
to, rehabilitative and prosthetic care received at the
EACE (CFI, San Antonio, Texas).

DO for transfemoral amputees. Also, individuals
may achieve a longer residual limb and have better
prosthetic fit and function.
This research was funded by the Peer Reviewed
Orthopaedic Research Program (PRORP). The award
(W81XWH-14-1-0136) was managed by CDMRP.
Restoration of Functional Mobility Following
Lower Extremity Trauma and Amputation
Clinical researchers with the EACE (CFI, San
Antonio, Texas) have been assessing functional
mobility and novel treatment interventions during
rehabilitation. Current efforts focus on validating
a treatment paradigm using military-specific tasks
simulated in a virtual reality environment, such as
being on patrol in a mountainous combat zone in full
gear. EACE (CFI, San Antonio, Texas) researchers
successfully used real-time visual feedback in a
virtual reality environment to reduce biomechanical
factors commonly linked to an elevated metabolic
demand of walking in individuals with amputation:
center of mass sway and quadriceps activation
(Russell Esposito, Choi, et al. 2017; Figure 7-78).
However, reducing the magnitudes of these variables
did not reduce the metabolic cost of walking, which
was, surprisingly, not significantly different from
able-bodied individuals. These results add to the
now growing body of literature indicating that the

FIGURE 7-78: Visual display of example real-time feedback
for EMG (top) and COM (bottom) within the Computer-Assisted
Rehabilitation Environment. (Figure from Russell Esposito, Choi, et
al. (2017) used with permission from the authors)
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A separate study funded by the Center for
Rehabilitation Sciences Research (CRSR) then
compared these gait biomechanics of individuals
with transtibial amputation to those with lower
limb reconstruction (using an Intrepid Dynamic
Exoskeletal Orthosis [IDEO]) and uninjured
controls (n=72) (Russell Esposito, Stinner, et al.
2017). Overall, both patient groups could replicate
many key aspects of normative gait mechanics,
but deviations were more pronounced at the ankle
following reconstruction with IDEO use and at the
knee following transtibial amputation. As more
information on the long-term outcomes associated
with these procedures is learned, additional data
combined with the present results on walking may
be able to provide clinical recommendations.
Although walking is often an achievable goal after
severe lower limb blast injuries, many individuals
strive for returning to run or competitive sports.
In a case study performed at EACE (CFI, San
Antonio, Texas), an individual with a unilateral
knee disarticulation amputation desiring to return
to competitive running was taught to use a forefoot
striking pattern in his intact limb to reduce his risk
for overuse injury (Diebal-Lee, Kuenzi, and Rabago
2017). The eventual adoption of this forefoot striking
pattern reduced his average intact limb loading rate
three-fold. Additionally, he was able to increase
his running mileage and run distances of over 10
kilometers without pain.

Extremity Trauma Health Outcomes
Four-year Health Outcomes Following Combat
Amputation and Limb Salvage
Little research has described the long-term health
outcomes of Service members who had combatrelated amputation or leg-threatening injury in
the Iraq and Afghanistan conflicts. Researchers
at the NHRC (San Diego, California) conducted
retrospective analysis of DoD and VA health data
for Service members who sustained combat-related
lower limb injuries with (1) unilateral amputation
within 90 days postinjury (early amputation, n =
440), (2) unilateral amputation more than 90 days
postinjury (late amputation, n = 78), or (3) legthreatening injuries without amputation (limb
salvage, n = 107). Service member medical records
were analyzed for four years postinjury. After
adjusting for group differences, early amputation
was generally associated with a lower or similar
prevalence for adverse physical and psychological
diagnoses (e.g., pain, osteoarthritis, PTSD) versus
late amputation and/or limb salvage. By contrast,
early amputation was associated with an increased
likelihood of osteoporosis during the first year
postinjury. The prevalence of PTSD increased
for all patient groups across the first 4 years,
particularly in the second year postinjury (Melcer,
Walker, et al. 2017; Figures 7-79 & 7-80).

The metabolic cost of walking need not increase
after a lower limb amputation. Adoption of a
forefoot striking pattern can increase running
distances without pain for amputees and may
decrease the occurrence of overuse injury in the
intact limb.
This work was funded by the Military Amputee
Research Program, CRSR and Telemedicine and
Advanced Technology Research Center (TATRC).
The awards (W81XWH-06-2-0073, HU0001-11-10004) were managed by CDMRP.
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FIGURE 7-79: Prevalence of Selected Physical Health Complications
by Time After Injury. Statistically significant difference between
groups, using chi-square or Fisher’s exact test as appropriate, p < 0.05
were *early amputation versus late amputation, ²early amputation
versus limb salvage, and ³late amputation versus limb salvage. (Figure
from Melcer, Walker, et al. (2017) used with permission from the
authors)

frequency of acute open tibia and calcaneus
fractures, as well as lower extremity nerve and
vessel injury was determined. Delayed amputation
timing was categorized into eight categories (1-14
days, 15-30 days, 31-90 days, 91-182 days, 183-365
days, 365-547 days, 548-730 days, and >730 days)
and the relationship of acute injuries to delayed
amputation timing was examined using proportions
by time period.
In the sample of 286 Service members with a delayed
amputation:
FIGURE 7-80: Prevalence of Selected Psychological Disorders
by Time After Injury. Statistically significant difference between
groups, using chi-square or Fisher’s exact test as appropriate,
p < 0.05 were *early amputation versus late amputation, ²early
amputation versus limb salvage, and ³late amputation versus limb
salvage. PTSD = posttraumatic stress disorder. (Figure from Melcer,
Walker, et al. (2017) used with permission from the authors)

These findings can inform and optimize the
specific treatment pathways that address the
physical and psychological healthcare needs of
patients who undergo early or late amputation and
limb salvage.

•

•

•

•
This study was funded by EACE and the Navy
BUMED WII.
•
Timing of Delayed Amputation with Acute
Lower Extremity Injuries
Extremity injuries comprised the largest proportion
of injuries in OIF and OEF, representing 41
to 54 percent of all combat injuries. Despite
medical interventions to preserve the viability
and functionality of the injured limb(s), delayed
amputations and long-term impairments may occur
because of these injuries. Researchers at the NHRC
(San Diego, California) sought to determine how
specific acute lower extremity injuries are related to
the timing of delayed amputations. NHRC’s EMED
was queried for battle-related lower extremity
delayed amputations (amputation occurring after
injury date) between 2003 and 2014 with clear
documentation of the injury and amputation dates,
which totaled 286 injury episodes. The occurrence

Overall, most common injury was open tibia
fracture, followed by lower extremity vessel
injury, open calcaneus fracture, and lower
extremity nerve injury (Figure 7-81)
Delayed amputation rate within each time
period was between 10 and 14 percent, although
time periods were not equal in terms of number
of days, there were similar delayed amputation
rates in each time period (Figure 7-82)
Significant difference in delayed amputation
over time for open calcaneal fractures and lower
extremity vessel injuries (Figure 7-83)
Delayed amputation rates dropped off in the
first 90 days postinjury, but acute injuries
continue to influence amputations after 90 days
Proportion of lower extremity nerve injuries
were highest 1.5–2 years postinjury (548-730
days) (Figure 7-84)

FIGURE 7-81: Proportion of acute injuries. Total percent greater
than 100 due to more than one injury per Service members. (Figure
from Eskridge, Clouser, et al. (2017) used with permission from the
authors)
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FIGURE 7-82: Delayed amputation rate per period. (Figure 3 from
Eskridge, Clouser, et al. (2017) used with permission from the
authors)

FIGURE 7-83: Delayed amputation by acute injuries and time
period. (Figure 4 from Eskridge, Clouser, et al. (2017) used with
permission from the authors)

FIGURE 7-84: Absolute proportion of delayed amputations by
acute injuries. (Figure 5 from Eskridge, Clouser, et al. (2017) used
with permission from the authors)

These results demonstrate that acute injuries can
influence delayed amputation years after injury
and may be useful to both providers and patients
when considering the most appropriate route of care
(Eskridge, Clouser, et al. 2017).
This research was funded by EACE.
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Rehabilitation and Multiple Limb Amputations:
A Clinical Report of Patients Injured in Combat
Service members who sustained multiple limb
amputations in the Iraq and Afghanistan conflicts
present new challenges for rehabilitation care
providers at the DoD and VA. These patients were
among the most serious cases of complex blast
injuries in the Afghanistan conflict including
high-level amputations (e.g., hip disarticulation).
Researchers at the NHRC (San Diego, California)
described the outpatient rehabilitation program for
patients with multiple limb amputations enrolled in
the Comprehensive Combat and Complex Casualty
Care (C5) facility at the NMCSD (San Diego,
California). Injury-specific data were reviewed for
29 of these patients wounded by blast weaponry
in Afghanistan in 2010 or 2011 and captured by
the NHRC’s EMED. Their median Injury Severity
Score was 27 (n = 29; range, 11-54). Patients
averaged seven moderate-to-serious injuries (AIS
scores = or > 2), including multiple injuries to lower
limbs and injuries to the torso and/or upper limbs
(Melcer et al. 2016).
All patients received care from numerous clinics,
particularly physical therapy during the first six
months postinjury. Clinic use generally declined
after the first six months except for prosthetic
devices and repairs. The clinical team implemented
the Mayo-Portland Adaptability Inventory,
4th Revision (MPAI-4) to assess functioning at
outpatient program initiation and discharge (n = 23).
At program discharge, most patients had improved
scores for the MPAI-4 items assessing mobility,
pain, and transportation, but not employment
(Figure 7-85). Case reports described rehabilitation
for two patients with triple amputations and
illustrated multispecialty care and contrasting
solutions for limb prostheses.
These findings afford DoD and VA providers
a better understanding of this unique patient
population.
This study was funded by the Navy BUMED WII
Program

FIGURE 7-85: Frequency of patients (n = 23) at program initiation and discharge with MPAI-4 raw scores for the (a) mobility, (b) use of hand, (c)
self-care, and (d) pain and headache items. MPAI-4 raw scores: 4 = impairment interferes with activity >75 percent of the time; 3 = impairment
interferes with activity 25–50 percent of the time; 2 = impairment interferes with activity <25 percent of the time; 1 = impairment does not
significantly interfere with activity; 0 = no impairment. C5 = Comprehensive Combat and Complex Casualty Care. (Figure 2 from Melcer et al. (2016)
used with permission from the authors)

A Comprehensive Description of the
Combat-Injured Amputation Population
Because of advances in combat medicine and
technology, as well as the increased use of IEDs, the
recent conflicts in Iraq and Afghanistan have seen a
growing number of U.S. military personnel surviving
with amputations of one or more limbs (Krueger,
Wenke, and Ficke 2012). To better understand
and serve this population the researchers at the
NHRC (San Diego, California) conducted a study
to comprehensively characterize the combat
amputation population injured during OIF and OEF,

and examine differences in various QOL domains
between those with and without amputations.
The NHRC’s EMED, a repository for deploymentrelated medical encounter information, was queried
for all amputations (excluding fingers and toes)
from 2001-2015. Additional extracted EMED
data included date of birth, date of injury, date
of amputation, branch of service, military rank/
paygrade, amputation level(s), mechanism of injury,
and posture (mounted or dismounted). Descriptive
statistics were then obtained to characterize the
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population. QOL information was provided by the
Wounded Warrior Recovery Project (WWRP), a
longitudinal research study aimed at investigating
the short- and long-term effects of service-related
injury on Service members. A total of 1,767 Service
members with combat-related amputations were
identified from 2001-2015 (Figure 7-86). Most of
the population sustained immediate amputations,
performed at the point of injury or within 24 hours
(66 percent, n = 1,163). The remainder underwent
delayed amputations, occurring more than 24
hours post-injury (34 percent, n = 604). Spikes in
the number of Service members with amputations
were observed in 2007 (n = 209) and again in 2010
(n = 276) and 2011 (n = 310). The population was
relatively young, with 84 percent under 30 years
of age at the time of injury. Army (66 percent) or
Marine Corps (30 percent) members made up most
of the population and 89 percent were junior-tomidlevel enlisted (E1-E6). The majority (90 percent)
were injured by a blast (Figure 7-87). Prior to 2010,
64 percent were injured while mounted in a vehicle.
From 2010-2014, 88 percent were injured while
dismounted. Lower extremity amputations were the
most common type of amputation, with 87 percent
of the population undergoing at least one, and 19
percent of the population undergoing at least one

upper extremity amputation. Thirty-six percent
of the population sustained multiple amputations.
Results from the WWRP showed that amputation
injury groups reported both statistically and
clinically significantly lower health-related QOL,
overall and specifically on the domains of chronic
and acute symptoms, mobility/self-care, physical
activities and usual activities than non-amputation
injury groups (n = 2,932) (Perez et al. 2017).
This State of the Population Report may be used to
inform leadership and decision-makers about the
scope and characteristics of the military’s combat
amputation population.
This research was funded by EACE.
Highly Targeted Delivery of Orthopaedic
Biologics for Bone Regeneration
Musculoskeletal injuries comprise a significant
portion of blast-related wounds and often
involve complex fractures of long bones. Critical
size bone defects do not heal well and in some
instances, result in extremity amputation. Bone
morphogenetic protein-2 (BMP-2) has been used to
promote bone regeneration, but safe and targeted
delivery of BMP-2 to sites of injury is a technical

FIGURE 7-86: Number of deployment-related amputations by year. (Figure used with permission from the authors)
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FIGURE 7-87: Mechanism of injury. (Figure used with permission from the authors)

challenge. A team of researchers at the Geneva
Foundation (Frederick, Maryland), Mayo Clinic
(Rochester, Minnesota), USAISR (San Antonio,
Texas), and Cleveland Clinic (Cleveland, Ohio),
are collaborating to refine and evaluate a platform
technology that will allow for highly targeted
delivery of therapeutic proteins to any wound
geometry or size (Figure 7-88). The researchers
have successfully completed good manufacturing
practice (GMP) development of a targeted bone
morphogenetic protein 2 variant (tBMP-2). In a
good laboratory practice-compliant rodent femoral
defect model, tBMP-2 was tested against Infuse®,
the current gold standard recombinant human
BMP-2 (rhBMP-2) product for bone repair made by
Medtronic, and a vehicle control (Medtronic Sofamor
Danek USA 2013, 2016). Biweekly radiographs were
collected from each animal to evaluate bone healing
and bone samples were collected for histological
assessments after 4-8 weeks. Rodents that received
tBMP-2 treatment for repair of the femoral defect
exhibited superior bone formation within four
weeks compared to the current gold standard and
vehicle. Bone histology revealed the generation of
mature trabecular bone as seen in late-stage bone
regeneration in rodents that received treatment
with tBMP2, whereas treatment with rhBMP-2
produced disorganized bone and fibrotic tissue

FIGURE 7-88: Novel targeted delivery platform enables local
delivery of potent regenerative therapeutics to sites of injury without
affecting surrounding tissue. (Figure used with permission from the
authors)

that is indicative of early stage bone regeneration.
This targeting platform technology will allow for
delivery of lower doses of therapeutics and prolonged
retention at injury sites, thus improving safety,
efficacy, and cost of orthopedic applications.
In conclusion, novel methods to facilitate healing of
nonunion bone fractures will improve the physical
and functional outcomes, and potentially reduce the
need for amputation, following traumatic extremity
injuries in our Service members.
This study was funded by JWMRP, and is strategically
aligned with CRMRP. The award (W81XWH15-C-0028) was managed by CDMRP.
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Comprehensive Evaluation of Deleterious
Secondary Health Conditions Following
Traumatic Extremity Injuries
Advances in field-based trauma care, surgical
techniques, and protective equipment have
collectively facilitated the survival of a historically
large number of Service members following combat
trauma; although many sustained significant
composite tissue injuries to the extremities,
including limb loss and limb salvage. Beyond
the acute surgical and rehabilitative efforts that
focus primarily on wound care and restoring
mobility, traumatic limb loss and limb salvage are
associated with several debilitating longer term
secondary health conditions (e.g., low back pain,
osteoarthritis, and cardiovascular disease [CVD])
that can adversely impact physical function and
QOL. Comprehensive, biopsychosocial based
studies which aim to characterize the onset,

progression, and recurrence of health conditions
secondary to limb loss and salvage are currently
underway (Butowicz, Acasio, and Hendershot 2017,
Butowicz, Dearth, and Hendershot 2017, Farrokhi,
Mazzone, Schneider, et al. 2017, Golyski and
Hendershot 2017, Hendershot, Butowicz, et al. 2017,
Hendershot, Dearth, et al. 2017, Hendershot, Shojaei,
and Bazrgari 2017, Yoder et al. 2017; Figure 7-89).
These studies were conducted by EACE researchers
(WRNMMC, SAMMC, NMCSD).
An increased prevalence of and risk for lower back
pain, osteoarthritis, and CVD among the relatively
young cohort of Service members with limb loss
and limb salvage significantly impact physiological
and psychological well-being, particularly over the
next several decades of their lives.
This study received funding from the National Center

FIGURE 7-89: Individual components (and their potential associations) of the biopsychosocial model of low back pain likely influenced or
amplified by lower limb amputation. The *symbol identifies the components of the model that are supported in the literature for the general low
back pain patient population but lack validation by studies performed in patients with lower limb amputation and low back pain. (Figure from
Farrokhi, Mazzone, Schneider, et al. (2017) used with permission from the authors)
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for Medical Rehabilitation Research and PRORP.
The award (W81XWH-14-2-0144) was managed by
CDMRP.

Neurocognitive and Psychological Health
Outcomes
CENC 1: The CENC Addresses Long-Term
Effects of Brain Injury in Military Personnel
The 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 the Virginia Commonwealth University
(Richmond, Virginia) and involves 10 studies and
five integrated research cores across more than
30 participating institutions. The CENC seeks
to understand the association (onset, prevalence,
and severity) of the chronic effects of mTBI
and comorbidities, and probe for correlations
to neurodegenerative disease. Most studies are
focused on human subjects recruited from Veteran,
active duty Service members, Reserve, and National
Guard populations, and include individuals with
exposure to blast. CENC studies examine chronic
TBI and comorbidities associated with mTBI;
sensory deficits (visual, auditory, vestibular),
movement disorders, pain (including headache),
cognitive, and neuroendocrine deficits (Davenport
et al. 2016, Eapen and Cifu 2017, Gattu et al. 2016,
Jurick et al. 2016, Lejbman et al. 2016, Lynch et al.
2016, Mac Donald, Barber, Andre, et al. 2017, Mac
Donald, Barber, Jordan, et al. 2017, Mac Donald,
Johnson, et al. 2017, Mufson et al. 2016, Ojo et al. 2016,
Pugh et al. 2016, Schneider et al. 2017, Seal et al. 2017,
Stone et al. 2016, Swan, Nelson, Swiger, et al. 2017,
Tzekov et al. 2016, Uchendu et al. 2016, Walker et al.
2016, Wilde et al. 2016).
The largest CENC study is an observational study
with a large volume of controlled, prospective
longitudinal data from OIF/OEF/OND Service
members and Veterans to understand the late
functional and biological effects of mTBI. This
study will help determine potential risk factors for
long-term comorbidities and associated dementia
in individuals with military mTBI. The study has

Characterization of the sequelae of
chronic mTBI in Service members and
Veterans can be used to establish risk
factors for long term TBI-related disease
such as neurodegeneration, cognitive
decline, and neurosensory dysfunction.
reached target enrollment and continues to follow
up subjects for the duration of the consortium
period of performance. The recruited population
leverages other large research efforts such as the
VA’s Million Veteran Program.
In FY17, the CENC was the focus of a special
edition of the journal, Brain Injury, which included
methodological, basic science, epidemiological,
and clinical research topics (Davenport et al. 2016,
Gattu et al. 2016, Jurick et al. 2016, Lejbman et al.
2016, Lynch et al. 2016, Mufson et al. 2016, Pugh et
al. 2016, Stone et al. 2016, Tzekov et al. 2016, Walker
et al. 2016, Wilde et al. 2016). One article described
work from a basic-science study examining mTBI
in a transgenic mouse that expresses the human
variant of the protein Tau, which is implicated in
TBI-associated neurodegenerative disease (Lynch
et al. 2016). The study correlates findings in the
animal model with post-mortem human brain
tissue with known TBI histories to inform on
linkages between TBI and potential progressive
neurodegeneration. Alterations in cerebrovascular
function, such as decreased CBF are often observed
in neurodegenerative disease. Animals with
repetitive mTBI demonstrated persistent impaired
cognitive function, reduced cerebral blood flow
and down-regulation of cerebrovascular-associated
markers.
Investigators in the CENC neuroimaging
core have developed enhanced data analysis
methodologies, including open-source pipelines,
which have been implemented in non-CENC
efforts (Schneider et al. 2017, Stone et al. 2016, Wilde
et al. 2016). In addition, CENC investigators have
developed an expandable, 4 module diffusion
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tensor imaging (DTI) phantom which enables
temporal, location, vendor standardization, and
comparability of neuroimaging. The Quantitative
Imaging Biomarkers Alliance®, organized by the
Radiological Society of North America, has chosen
the CENC-developed product as the base MRI
and DTI measurement standard, which will have
a significant impact on the use of DTI in FDAregulated studies.
More information on the CENC can be found at
https://cenc.rti.org.

in fractional anisotropy in these subjects may be a
method to identify neurodegeneration in chronic
TBI. The researchers’ efforts also reveal sustained
decrements, which in some cases worsen, in
global disability, neurobehavioral, and psychiatric
outcomes for individuals with TBI (Dams-O’Connor
and Tsao 2017, Mac Donald, Barber, Jordan, et al.
2017, Mac Donald, Johnson, et al. 2017; Figure 7-90).
These individuals represent a population of injured
Service members with sequelae consistent with
chronic TBI. The researchers continue to follow up
another 200 subjects via funding received from the
NIH.

The CENC is funded by PH/TBIRP, and is
strategically aligned with CCCRP and CRMRP.
The award (W81XWH-13-2-0095) is managed by
CDMRP.
CENC 2: Long Term Follow Up of Service
Members with TBI Reveal Sustained and
Worsening Outcomes
Researchers at the University of Washington
(Seattle, Washington), completed a study under
the CENC that leverages funding across multiple
federal agencies. The original studies, led by
researchers at Washington University (Saint
Louis, Missouri), characterized Service members
with TBI from combat environments. These
FY07 and FY09 efforts were notable in that
participants received comprehensive clinical,
neuropsychological, and neuroimaging assessments
within hours to days of clinically confirmed brain
injury and follow up assessments up to one-year
post injury. Under the CENC funding, researchers
at the University of Washington were able to follow
up with 94 of the original 500 subject cohort,
which included combat-deployed controls without
brain injury. In some cases, follow up is occurring
nearly a decade after the original injury. Advanced
neuroimaging in the subjects followed under
CENC show reduced fractional anisotropy in the
white matter of injured participants five years
post injury (Mac Donald, Barber, Andre, et al. 2017).
Reduced fractional anisotropy correlates to white
matter damage and in some cases, reductions in
cognitive performance. The continued reduction
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FIGURE 7-90: Global Outcome. GOSE (Figure used with permission
from the authors)

Comprehensive characterization (onset, prevalence,
and severity) of chronic TBI in Service members
and Veterans is needed to understand and treat
long-term effects of TBI and co-morbid conditions.
The CENC is funded by PH/TBIRP, and is
strategically aligned with CCCRP and CRMRP. The
award (W81XWH-13-2-0095) is managed by CDMRP.
CENC 3: Epidemiological Analysis Reveals
Associations between TBI, Long-Term
Outcomes, and Persistent Co-morbidities
The CENC project, Epidemiology of mTBI and
neurosensory outcomes, brings together researchers
from the UCSF (San Francisco, California), San
Francisco VA (San Francisco, California), University
Health Science Center, San Antonio (San Antonio,
Texas), South Texas Veterans Healthcare System
(San Antonio, Texas), University of Utah (Salt

Lake City, Utah), and the Salt Lake City VA (Salt
Lake City, Utah), to investigate the relationship
between mTBI and neurosensory and
neurodegenerative outcomes.
The study team brings together data from
over seven DoD, VA, and commercial medical
databases and record sets.
When the researchers looked at associations of
TBI and pain co-morbidities, they found that
there were no clinically significant interactions
between TBI alone and chronic pain (Pugh et
al. 2016). However chronic pain and TBI were
strongly associated with mental health diagnoses
such as PTSD or depression (Pugh et al. 2016).
Researchers also found a strong association
between mTBI and long-term clinical outcomes
such as dementia (Barnes et al. 2016, Barnes et
al. 2017). In these sub-studies, risk of incident
dementia was increased by three-fold with TBI
as compared to without TBI. The datasets were
also interrogated for trajectories of persistent
co-morbidities of mTBI. Researchers found

strong associations between TBI and specific
co-morbidities to include:
1.

2.

3.

4.

Increased odds of tinnitus and hearing loss
with co-morbid condition (Swan, Nelson,
Swiger, et al. 2017)
Vestibular dysfunction with blast exposure,
when controlled for other comorbid
conditions (Swan et al. 2015, Swan, Nelson,
Pogoda, et al. 2017)
An association between mTBI and mental
health diagnosis and cognitive impairment
(Seal et al. 2017)
TBI as the most common co-morbid condition
in the polytrauma clinical triad (TBI/pain/
PTSD) (Pugh et al. 2016)

Existing information from medical databases
and records of Service members and Veterans
from OIF, OEF, OND can be used to look
for correlations between mTBI injury and
neurosensory and neurodegenerative outcomes
(Figure 7-91).

Study Methods

Comorbid conditions
each year (ICD-9 codes)

Trajectories of Comorbidity

Data

Cohort

Inpatient
Outpatient
Pharmacy

Entered VA Care:
FY02-10
Received Care:
5Y thru FY15
At least one year
2007 or after
N= 337,313

Possible TBI Sequelae
• Tinnitus, Hearing Loss,
Vestibular, Blurry Vision,
Blindness
• Pituitary, Seizure,
Cognitive, Cerebrovascular
Pain
• Headache, Neck Pain, Back
Pain, Other Pain

No TBI,
N= 229,866
Mild TBI,
N= 59,771

Mental Health
• Depression, Substance Use
Disorder, PTSD, Anxiety
Weight & Sleep
• OSA, obesity, insomnia,
hypersomnia

Latent Class Analysis
Stratified by TBI Status

FIGURE 7-91: Study Methods Trajectories of Comorbidity. ICD-9: International Classification of Diseases–Ninth Revision (Figure used with
permission from the authors)
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The CENC is funded by PH/TBIRP, and is
strategically aligned with CCCRP and CRMRP.
The award (W81XWH-13-2-0095) is managed by
CDMRP.
Brain Volume, Connectivity, and
Neuropsychological Performance in mTBI:
The Impact of PTSD Symptoms
PTSD is a common co-morbidity of mTBI
(whether caused by blast or blast plus impact) in
military Veterans who served in operations in Iraq
and Afghanistan; it is also found to a lesser degree
in the civilian population. Several studies have
examined the comorbid effects of PTSD/mTBI
on functional outcomes but none have looked at
the effects on brain structure, specifically volume
and structural connectivity, or cognitive function.
What is apparent is that individuals with
co-morbid PTSD/mTBI do not recover cognitively
as quickly as those with mTBI alone.
NIH researchers with the CNRM, USUHS,
examined brain volume, structural connectivity,
and cognitive function using neuroimaging
modalities and neurocognitive testing. The
researchers hypothesized that individuals with
PTSD/mTBI comorbidities would demonstrate
changes in brain volume in areas associated with
attention and memory as well as differences
in memory circuits and these changes would
correlate with neuropsychological test results.
They found that individuals with PTSD/mTBI,
when compared to individuals with mTBI
alone, showed a larger volume in the right
entorhinal cortex region, a region involved
in memory retrieval, as well as white matter
alterations in the right cingulum bundle, a white
matter tract implicated in facilitating memory
suppression processes (Lopez et al. 2017). These
results correlated with poorer performance on
neuropsychological tests in the PTSD/mTBI group
compared with the mTBI group, especially in
the areas of learning and memory encoding and
retrieval. From these results, the group postulates
that a de-regulated memory retrieval process
allows traumatic intrusive memories to interfere
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with retrieval of those related to the cognitively
demanding task at hand, resulting in the poorer
scores in the PTSD/mTBI group. Overall, these
results support theoretical models of PTSD and
its relationship to learning deficits and suggest
that PTSD treatments may benefit from therapies
directed toward memory encoding and retrieval
problems as well as associated re-experiencing
and avoidance symptoms.
In conclusion, this research facilitates the
diagnosis of mTBI patients with PTSD symptoms
so that the appropriate therapeutic intervention
can be utilized for optimum recovery of the
Service member from blast and blast-related
effects.
This research was funded by CNRM and NIH
Intramural Research Program.
Longitudinal Analyses of PTSD Trajectory
and Healthcare Utilization in Combat-exposed
Veterans
Project Veterans’ After Discharge Longitudinal
Registry (VALOR) is a large-scale, longitudinal
(four time points over approximately 8 years)
registry of PTSD in combat-exposed OIF, OEF,
and OND male and female Veterans (Figures
7-92 and 7-93). The availability of comprehensive
data on PTSD symptoms, related exposures, and
outcomes at multiple time points in a cohort of VA
users with and without PTSD provides a unique
opportunity to examine multiple hypotheses
regarding longitudinal trajectories in combatexposed Veterans.
Researchers at the VA Boston Healthcare System,
(Boston, Massachusetts), Boston VA Research
Institute, Inc. (BVARI) and New England
Research Institutes (Watertown, Massachusetts)
conducted a study to examine:
•

Trajectories of PTSD symptomatology and
diagnosis by chart and diagnostic interview
assessments in combat-exposed men and
women

•

•

The nature and extent of military sexual trauma
(MST) in combat-exposed men and women
who have utilized the VA Healthcare System,
including the contribution of MST to PTSD
symptoms and diagnosis
Associations of PTSD, mTBI, major depressive
disorder, and treatment utilization in relation to
changes in suicidal ideation

To this end, the researchers consented 1,649
individuals to participate in the study, which
involved collecting information from EMR assessing
current PTSD status, mTBI, suicidal ideation,
exposure to traumatic events, comorbid symptoms
of anxiety or depression, substance abuse, social and
occupational status, and overall QOL in addition to
follow-up telephone interviews and surveys.

There are several key research accomplishments
related to this study:
1.

2.

3.

4.

FIGURE 7-92: Project VALOR Study Conceptualization. The figure
shows anticipated predictors of PTSD symptom trajectories and
related outcomes of interest (QOL, suicidal ideation). (Figure used
with permission from the authors)

First study to show a longitudinal association
between PTSD and metabolic syndrome
severity, even when controlling for metabolic
syndrome severity at Time 1 (Wolf et al. 2016).
Individuals with PTSD, as measured by the
SCID-IV PTSD module, reported significantly
worse psychosocial functioning than those
with mTBI alone or neither PTSD nor mTBI,
suggesting that PTSD diagnosis may be uniquely
associated with worse psychosocial functioning
(Green, Annunziata, et al. 2017)
The subset of symptoms outlined in the 11th
edition of the International Classification
of Diseases (ICD-11) performed no better in
diagnostic specificity nor in rate of comorbidity
than the DSM-5 criteria suggesting that
developing new diagnostic criteria may be
valuable, but the alterations made in the ICD-11
are not an improvement (Jackson et al. 2016)
Groundbreaking analysis that compared results
from PTSD diagnostic interviews with the
PTSD diagnoses contained in participants’
EMRs. Researchers found that, although most
participants were concordant for PTSD status,
over 25 percent of EMR diagnoses differed from
those obtained in the diagnostic interview, with
varying proportions of false positives and false
negatives. Overall, those individuals with the
most and least severe symptom presentations
in the diagnostic interview were more likely to
be accurately classified by their medical care
providers (Holowka et al. 2014)

FIGURE 7-93: Project VALOR Study Timeline and Methodology. The figure shows expected participant recruitment and
retention as well as the data to be collected at each study timepoint. (Figure used with permission from the authors)
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Data from this study will inform
planning and evaluation of PTSD
screening and treatment programs for
Service members, which will lead to
improvements in wellness, functioning,
QOL, and potential fitness for RTD.
5.

6.

Black Veterans were significantly less likely
than white Veterans to receive a PTSD
diagnosis from compensation and pension
examiners; however, racial disparity was no
longer significant for examination where
psychometric testing was used (Marx et al.
2017)
Using VALOR data researchers examined
whether more personally relevant (i.e., higher
quality) suicide safety plans reduce future
suicide-related outcomes (e.g., psychiatric
hospitalization, self-harm, and suicide
attempts), and determined which components
of a safety plan may be most effective at
reducing these outcomes. They found that
more personally relevant safety plans may
reduce future suicide-related outcomes
among veterans. Higher scores on Step 3 (i.e.,
people and places that serve as distractions)
predicted a decreased likelihood of future
suicide behavior reports among participants
(Green, Kearns, et al. 2017).

Thus, the researchers have taken great strides to
reach their goal of providing researchers, military
leaders, and treatment providers with information
regarding the course of disease, suicidal ideation,
and MST.

Blast Exposure Accelerates Brain Aging
Processes
Anecdotal evidence indicates that brain
injury predisposes victims to age-related
neurodegenerative conditions like Alzheimer’s
and Parkinson’s disease. A recent clinical study
used DTI to describe signs of rapid brain aging
in victims of blast exposure (Trotter et al. 2015).
To test whether this phenomenon could be
established in a preclinical model to study blastaccelerated brain aging processes at the cellular
level, researchers at the WRAIR (Silver Spring,
Maryland) have undertaken a study using an
ABS to expose rats to single and repeated blasts.
Brains were collected on days one and 28 after
blast exposure and histological sections were
prepared using the senescence marker stain. Data
obtained to date indicate that cells in several brain
regions undergo rapid aging after blast exposure.
The changes were minimal on day one, but very
prominent at 28 days (Figures 7-94 & 7-95). The
senescence positive cells were much greater
in number after repeated blasts compared to a
single blast exposure (Figures 7-96 & 7-97). These
preliminary data are consistent with the clinical
findings cited above in which blast exposure
accelerated the brain aging process. Thus, this
preclinical model can potentially be used to
understand the neurobiological mechanism(s)
of rapid brain aging after blast exposure and to
develop effective countermeasures.
This work is funded by MOMRP (Award 19210).

This study was funded by PH/TBIRP, and is
strategically aligned with MOMRP. The awards
(W81XWH-12-2-0117 and W81XWH-12-2-0121) are
managed by CDMRP.
FIGURE 7-94: Senescence Merker Staing in the
Hipposcumapus (Figure 2 from Trotter, Robinson, Milberg, et al.
(2015) used with permission from the authors)
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FIGURE 7-95: Scenescence Marker staing in the cerebellum (Figure
2 from Trotter, Robinson, Milberg, et al. (2015) used with permission
from the authors)

FIGURE 7-96: Senescence marker staing in geniculate nucleus
(Figure 2 from Trotter, Robinson, Milberg, et al. (2015) used with
permission from the authors)

A Clustering Methodology for Describing WIA
Patients with Multimorbidity
Data mining methods can be used to extend analytic
capabilities. Multimorbidity is defined as a patient
condition with concomitant multiple injuries or
illnesses. Teasing out clinically significant patient
subsets with similar multimorbidity trends is
difficult in large amounts of stratified categorical
data. Researchers at the NHRC (San Diego,
California) is using cluster analysis to identify
patient subpopulations with complex medical
conditions to help inform better care management.
This study focused on a subset of military personnel
from the WWRP with battle trauma, most of which
is blast-related. High healthcare utilization is used
as an example of clustering to identify discrete
subpopulations within the sample. Patients were
grouped using Clinical Classification Software
(CCS) categories (Figure 7-98). CCS was developed
by the Agency for Healthcare Research and
Quality (AHRQ) and allows patient diagnoses
and procedures to be grouped into 285 clinically
meaningful distinct categories. One-year follow-up
visits of outpatient International Classification
of Diseases, Ninth Revision (ICD-9) codes were
obtained and clustered into the CCS categories. Only
patients with two or more ICD-9 diagnoses in more
than one CCS category were used. For each cluster,
QOL measurement scores were calculated and
frequency percentage distributions were analyzed
(Figure 7-99). A comparison of data transformation
methods and clustering approaches demonstrated:
•

•
•
•
FIGURE 7-97: Senescence Marker staining in the ventral thalimia
nucleus (Figure 2 from Trotter, Robinson, Milberg, et al. (2015) used
with permission from the authors)

•

Intracranial injuries, mental health disorders,
and back problems are significantly contributing
to lower QOL scores
Low QOL can be attributed to greater
prevalence of mental disorders
High ISS contributes to low QOL scores
ISS is based on physical trauma, which is one
component of QOL; however, low ISS does not
imply higher QOL score
A limitation of this study was that the
researchers could not determine what metrics
contributed to higher QOL (Zouris and
MacGregor 2017)
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FIGURE 7-98: Main Findings among Injury-Related CCS Categories by Cluster: CL1=Cluster 1; CL2=Cluster 2; CL3=Cluster 3; CL4=Cluster 4;
CL5=Cluster 5; CL6=Cluster 6; CCS=Clinical Classification Software; SD=standard deviation. (Table from Zouris and MacGregor (2017) used with
permission from the authors)

FIGURE 7-99: Top 10 CCS Categories Stratified by High and
Low: CL1=Cluster 1; CL2=Cluster 2; CL3=Cluster 3; CL4=Cluster 4;
CL5=Cluster 5; CL6=Cluster 6; SD=standard deviation. (Table from
Zouris and MacGregor (2017) used with permission from the authors)

The findings of this analysis suggest a method
to facilitate future planning and treatment
interventions of combat trauma patients one-year
post-injury, and identifying specific health problems
can provide greater emphasis in improving QOL
measures.
In summary, by applying more complex
methodologic analysis, researchers can better
distinguish and understand how multimorbidity
impacts QOL and help inform better care
management.
This research was funded by the Navy BUMED WII.
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Laboratory Impulsivity and Depression in Blastexposed Service members with Post-concussion
Syndrome
Researchers at the Hunter Holmes McGuire
Veterans Affairs Medical Center (Richmond,
Virginia) and Virginia Commonwealth University
(Richmond, Virginia) conducted a study to
investigate the important research question
of whether impulsivity increases in Service
members whose emotional, cognitive, and somatic
symptomatology was ostensibly worsened by
exposure to one or more blast events. They assessed
a linkage between depression and impaired
behavioral inhibition in blast-exposed Service
members and Veterans with post-concussion
syndrome (PCS). Questionnaire scores of general
depression and PTSD symptomatology were each
correlated with commission and perseverative
errors in a laboratory probe of impulsivity behaviors.
Participants (n =117; 114 males, ages 19–49) included
Service members or Veterans who were deployed to
OEF, OIF, and OND; had been exposed to combat;
and had experienced close exposure to at least one
blast event within the two years prior to enrollment
(Table 7-10). All participants met criteria for PCS.
Participants were assessed for post-concussive
symptoms, depressive symptomatology, and
PTSD symptomatology; they then completed the

Photo credit (opposite page): SSG Thomas Duval/U.S. Army

Conners Continuous Performance Test-II (CPT-II),
a laboratory probe of impulsivity. The findings
show a correlation between depressive symptoms
and CPT-II commission; perseverative errors
were significant even after controlling for age and

pre-morbid cognitive functioning. In conclusion,
these data revealed a modest correlation between
depression and motor impulsivity in blast-exposed
Service members and Veterans who meet criteria for
PCS (Bjork et al. 2016).

TABLE 7-10: Characteristics of blast-exposed Service members with
PCS. (Table 1 from Bjork et al. (2016) used with permission from authors)

These data replicate earlier findings that link
increased affective symptomatology to impaired
behavior inhibition in military TBI populations
(James, Strom, and Leskela 2014, Swick et al. 2012).
Further, these data support theories that the
increased rates of substance use disorder and suicide
attempts among Service members may result from
a combination of negative affect and impaired
frontocortical behavior control.
This study was funded by CDMRP (award W81XWH08-2-178) with support from DVBIC (award
W91YTZ-11-C-0033).
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Lasting Deficit in Inhibitory Control with
mTBI
Being able to focus on a complex task and inhibit
unwanted actions or interfering information (i.e.,
inhibitory control) are essential human cognitive
abilities, particularly for Service members in combat
operations. However, the extent to which mTBI may
impact these critical functions remains unknown.
Researchers at the CNRM conducted a study with
seventeen patients and age-matched healthy controls
(Xu et al. 2017). The participants performed a
variant of the Stroop task and attention-demanding
4-choice response tasks with identical stimuli but
two contexts: one required only routine responses
and the other with occasional response conflicts

(Figure 7-100). The results showed that mTBI
patients performed as well as controls when tasks
involved routine responses. However, when tasks
involved response conflicts, the mTBI group, even
with a single concussion had significantly slower
responses and a higher error rate when compared
to the controls. Event-related functional magnetic
resonance imaging (fMRI) showed altered neural
activity in areas that regulate inhibitory control.
These results suggest that even without apparent
difficulties in complex but routine tasks, patients
with mTBI may experience long-lasting deficits in
inhibitory control in situations that call for rapid
conflict resolutions, thus impacting the RTD of
Service members affected with mTBI.

FIGURE 7-100: Design of the 4-choice response task. Task Condition 1 (All-Go) included only the routine “go” responses (i.e., All-Go) with
a total of 80 trials. Task Condition two (Switch) and three (Stop-signal) had identical stimuli as those in Condition one (All-Go). The only
difference was that Task Condition two and three included a small number (25 percent) of “conflict” trials. For Task Condition two, participants
were told to press the opposite response button (i.e., a “Switch” response) relative to the stimulus orientation when they saw a red arrow
(40 out of 160 trials). Task Condition three (Stop-signal) was a variant of the stop-signal task. It included a delayed visual-cue (i.e., the stopsignal) to signal a “Stop” response. The primary “go” trials were identical to those in Condition one and two except that no red arrows were
presented and for 40 (25 percent) out of the 160 trials, the “+” sign in the middle of the stimulus would turn red (the stop-signal) with a variable
stop-signal delay after the onset of the stimulus. (Figure 4 from Xu et al. (2017) used with permission from the authors)
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Blast-induced mTBI and Possible Association
with PTSD
Researchers at the NMRC (Silver Spring,
Maryland) have focused on understanding the
role of blast-induced mTBI in the development of
PTSD. Their efforts were aimed at understanding
if and how blast exposure may predispose an
individual to PTSD. This was studied using an
animal model of blast exposure and introducing
behavioral testing to examine the possible effects
of blast on fear and anxiety. Both the amygdala
and the medial prefrontal cortex areas of the brain
were of specific interest, because they have been
shown to be associated with PTSD. Findings
revealed that although some behavioral changes
existed there were no robust behavioral effects.
However, corticosterone, a major stress hormone,
was significantly elevated in blast-exposed
animals. Furthermore, Stathmin-1, a fear-related
protein enriched in the amygdala, was found
to be elevated in the amygdala of blast exposed
rats. Overall there appears to be a relationship of
blast exposure and stress-related and fear-related
molecular variables. This work indicates the
need for more sensitive behavioral measures at
different time points to elucidate the relationship
of molecular changes and behavior.
Post-Concussion Symptoms in Veterans with
and without Blast Exposure, mTBI, and PTSD
Researchers affiliated with the VA Portland
Health Care System (Portland, Oregon), VA
San Diego Health Care System (San Diego,
California), and the headquarters of the DVBIC
(Silver Spring, Maryland) examined symptomreporting related to the 10th Edition of the
International Statistical Classification of Diseases
and Related Health Problems (ICD-10) criteria
for PCS in OEF and OIF Veterans (O’Neil et al.
2017). The aims of the study were to examine
relationships among PCS by identifying potential
subscales of the British Columbia Postconcussion
Symptom Inventory (BC-PSI) and to examine
group differences in BC-PSI items and subscales
in Veterans with and without blast exposure,
mTBI, and PTSD.

The VHA requires mandatory
screening for residual symptoms
and problems that might be caused
in whole or part by a past mTBI.
Moreover, the VHA recently adopted
the ICD-10 (World Health Organization
(WHO), 1992) as its clinical and
administrative diagnostic system.
Therefore, it is likely that ICD-10
diagnostic criteria PCS will now be
more widely used.

Participants included three groups of Veterans:
with blast-related mTBI history (n = 47), with
blast exposure but no mTBI history (n = 20),
and without blast exposure (n = 23). Overall, 37
Veterans had PTSD, and 53 did not. Researchers
examined differences in BC-PSI subscale scores
by blast exposure, mTBI history, and PTSD by
conducting an exploratory factor analysis (EFA).
BC-PSI factors were interpreted as cognitive,
vestibular, affective, anger, and somatic. Items
and factor scores were highest for Veterans
with blast-related mTBI history and lowest for
controls (no blast exposure). Vestibular, affective,
and somatic factors were significantly higher for
Veterans with blast-related mTBI history than for
controls, but not significantly different for those
with blast exposure but no mTBI. These results
remained significant when PTSD symptom
severity was included as a covariate. Cognitive,
anger, and somatic subscales were significantly
higher for veterans with PTSD, although there
was no interaction effect of PTSD and mTBI or
blast history. Additionally, this is the first study
to compare these items and factors across groups
of OEF/OIF Veterans with differential exposure
to blast.
In conclusion, EFA-derived subscales of the
BC-PSI differentiated Veterans based on blast
exposure, mTBI history, and PTSD.
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TABLE 7-11: Subject characteristics. Values are mean ± SD or as otherwise indicated. Abbreviations: ANOVA, analysis of variance; F, female; M,
male; WTAR, Wechsler Test of Adult Reading. (Table 1 from Bjork et al. (2017) used with permission from the authors)
Table 1 Subject characteristics
Measure

Baseline

1-y Follow-Up

Repeated-Measures
ANOVA, F1,83

Repeated-Measures
ANOVA, P

Age, y
Sex
No. of blast exposures

26.25.5
80 M, 4 F
1, nZ15
2, nZ16
3, nZ17
4, nZ36
11.89.3 (median, 8.8)
104.010.6
1.62.9
48.221.2
0.30.5
4.12.6
45.314.7
15.79.4

NA
NA
NT
NA
NA
NA
NA
NA
NT
NT
NT
3.62.8
43.015.9
16.512.4

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
3.863
2.212
0.544

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
.053
.141
.463

Interval since most recent blast, mo
WTAR, standard
CPT-II OE rate, %
CPT-II CE rate, %
CPT-II perseverative error rate, %
AUDIT-C total
PCL-5 total
CES-D total

NOTE. Values are mean  SD or as otherwise indicated.
Abbreviations: ANOVA, analysis of variance; F, female; M, male; NA, not applicable; NT, not tested.
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Symptom Trajectories after Military Blast
Exposure and the Influence of mTBI
The link between post-concussive syndrome (PCS)
symptoms and blast-related mTBI is unclear,
and longitudinal symptom data are sparse. The
objective of this work, conducted by researchers
at Virginia Commonwealth University School of
Medicine (Richmond, Virginia) and the Hunter
Holmes McGuire Veterans Affairs Medical Center
(Richmond, Virginia), was to characterize postdeployment symptom levels and trajectories and to
determine their relationship to blast-related mTBI.

TABLE 7-12: Mean subscale score differences on the BC-PSI by blast
exposure group. Effect sizes (partial eta squared) for the factors are
.43, .09, .19, and .19, respectively, and .37 for total score. By convention,
partial eat squared effect sizes are interpreted as: .01~ small, .06 ~
medium, and .14 ~ large (Murphy and Myors 2004). Total scores are
based on the first 13 items only and are reported for comparison with
past studies. a Significantly different mean score when compared to
blast, no mTBI group at the p < .05 level. b Significantly different mean
score when compared to blast, with mTBI group at the p < .05 level.
c Significantly different mean score when compared to no blast, no
mTBI control group at the p < .05 level. (Table used with permission
from the authors)

A total of 216 participants within two years of
a combat-related blast exposure underwent
structured interviews or algorithmic questionnaires
related to blast-related mTBI. Detailed symptom
inventories for PCS, pain, PTSD, and depression
were taken serially at enrollment, six months, and
12 months later. Repeated-measure ANOVA models
were built.
Up to 50 percent of participants had at least one
high-grade blast mTBI with posttraumatic amnesia
(PTA), 31 percent had low-grade only, and 19
percent had neither. Blast TBI grades are defined
as follows: mTBI with PTA, mTBI without PTA, no
mTBI; mTBI with PTA being the highest grade and
no TBI being the lowest grade. Within the entire
cohort, all four composite symptom scores started
high and stayed unchanged. Among blast mTBI
groups, symptom scores differed at every time
point with some evidence of convergence over time.
The PCS groups, different by definition to start,
diverged further over time with those initially more
symptomatic becoming relatively more so (Tables
7-12 & 7-13).
The history of blast-related mTBI accompanied
by PTA is associated with greater nonspecific
symptoms after deployment, and prognosis for
improvement when symptoms are prominent is
poor. This study provided preliminary evidence
for significant post-deployment health distress
after blast exposure that appears resistant to time

and has a link with blast mTBI, especially when
accompanied by posttraumatic amnesia.
This effort was supported by DVBIC and VA.
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Previously published data from mandatory
military post-deployment health assessments
(and reassessments) have shown stable or
worsening symptom course over the first few
months after returning from OEF, OIF, or OND
(Macera et al. 2012). Adding those findings
to these results from the ensuing 12 to 18
months suggests poor natural resolution of
the broad range of negative health symptoms
after combat deployment. Prognosis for
symptomatic improvement seems especially
poor among blast-exposed individuals who
had high symptom distress early on.
TABLE 7-13: Mean subscale score differences on the BC-PSI for
Veterans with and without PTSD. Table legend: Note: Effect sizes (partial
eta squared) for the factors are .23, .02, .02, .07, and .02, respectively,
and .17 for total score. By convention, partial eta squared effect sizes
are interpreted as: .01 ~ small, .06 ~ medium, and .14 ~ large (Murphy and
Myors 2004). a Significantly different mean score for PTSD versus no
PTSD groups. (Table used with permission from the authors)

Neurocognitive and Psychological Health
Treatment Strategies
Canine Companionship is Associated with
Modification of Attentional Bias in PTSD
Researchers at the Palo Alto Veterans Institute
for Research (Palo Alto, California), conducted
a study to determine the impact of canine
companionship on cardiac autonomic regulation,
mood, social experience, and social cognition
in U.S. Military Veterans undergoing inpatient
treatment for deployment-related PTSD. In
one sub-study, twenty-three Veterans with
chronic military-related PTSD were assessed for
attentional bias towards aversive and pleasant
visual imagery in the presence or absence of a
familiar service canine (Woodward et al. 2017). The
use of eye-tracking software enabled relatively
direct estimation of visual attention, in contrast to
dot-probe methodology. The difference in visual
attention directed to each image was analyzed
as a function of the valence of the emotive
stimulus and presence/absence of the canine. In
a scenes task, the presence of a familiar service
canine attenuated the normative attentional bias
towards aversive scene content. In a facial task,
presence of the service canine specifically reduced
attention toward angry faces. More aggregated
time spent with the service canine was also
associated with modification of attentional bias
toward emotive faces, and specifically increased
time spent looking at pleasant facial expressions
(Figure 7-101). The attenuation of attention
toward social threat, associated with the presence
and familiarity of a service canine, is compatible
with reports suggesting service canines promote
sociality.

This study will help evaluate the
efficacy of service dogs as a
treatment/adjunct treatment for PTSD,
which could provide another option
for Service members seeking PTSD
treatment.
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FIGURE 7-101: Effect of canine presence on inspection time
differences favoring aversive over pleasant scenes. (Figure
1 from Woodward et al. (2017) used with permission from the
authors)

This study was funded by DMRDP, and is
strategically aligned with MOMRP. The award
(W81XWH-15-2-0005) is managed by CDMRP.
Treatment for PTSD: A Randomized Clinical
Trial
Researchers at Duke University, (Durham, North
Carolina) and the University of Texas, Health
Science Center at San Antonio (San Antonio,
Texas) conducted a randomized clinical trial
to answer the question: Are individual and
group cognitive processing therapy conditions
efficacious for treating combat-related PTSD in
active-duty military? (Resick et al. 2017)
Two hundred sixty-eight (268) active duty
military Service members with PTSD
participated in this trial. The results show
that those treated in individual or group
cognitive processing therapy formats improved
significantly with large effect sizes, but
individual cognitive processing therapy produced
significantly greater improvement (Figure 7-102).
The results provide evidence that cognitive
processing therapy is an effective treatment
for combat-related PTSD for many patients in
this setting. This study supports the use of two
formats of an evidence-based psychotherapy for
treatment of combat-related PTSD.
This study was funded by PH/TBIRP, and is
strategically aligned with MOMRP. The award
(W81XWH-08-2-0116) was managed by CDMRP.

FIGURE 7-102: Change in PTSD Measures Across the Study Period.
The Posttraumatic Symptom Scale–Interview Version (PSS-I)
evaluates frequency and severity of DSM-IV PTSD symptoms
(range, 0-51, with higher scores indicating worse symptoms). The
stressor-specific PCL measures self-reported PTSD symptoms
(range, 17-85, with higher scores indicating greater PTSD severity.
CPT indicates cognitive processing therapy. (Figure 2 from Resick et
al. (2017) used with permission from the authors)

SMART-CPT Therapy Improves Both PTSD
Symptoms and Performance on Measures of
Objective Cognitive Functioning in those with
history of TBI
Researchers at the VA San Diego Healthcare
System (San Diego, California) conducted a
study to evaluate an adaption of CPT that also
targets the cognitive deficits often observed after
TBI. SMART-CPT is a hybrid training program
which combines traditional CPT with Cognitive
Symptom Management and Rehabilitation
Therapy (CogSMART), a manualized treatment
approach used to teach Veterans strategies to
compensate for cognitive difficulties (Boyd et al.
2016, Jak et al. 2015). The researchers conducted
a randomized trial with this new SMART-CPT
therapy in Iraq and Afghanistan Veterans with
mild or moderate TBI and PTSD and compared
it to traditional CPT. Forty-nine (49) individuals
were randomized to the CPT condition and
51 to the SMART-CPT condition. There were
no significant differences between groups on
demographic factors, injury variables, symptom
measures, neuropsychological measures, or rates
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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of prior treatment at baseline. Findings indicate that
individuals in the SMART-CPT group experienced
the same PTSD symptom reduction as those in the
CPT group, but also showed additional improvements
in attention/working memory, learning, memory, and
novel problem solving compared to the CPT group
(Figure 7-103). They also found that individuals
in the SMART-CPT group expressed more overall
satisfaction with treatment than the CPT group (Jak
2017, Jak et al. 2017).
This hybrid treatment has the potential to treat
Service members with comorbid PTSD and TBI in a
more streamlined fashion as opposed to treatment of
TBI and PTSD independently, potentially leading to
changes in CPGs and increased efficiency.
This study was fund by PH/TBIRP and is strategically
aligned with MOMRP. This award (W81XWH-11-1-0641)
is managed by CDMRP.

Stretching Negatively Affects Locomotor
Recovery in Animal Models of SCI
In current clinical practice, physical therapists
commonly use stretching as an approach to avoid
post-SCI contractures and to maintain the extensibility
of soft tissues. Extending their previous paradigmshifting work in a mild contusion thoracic SCI rat
model, researchers at the University of Louisville
(Louisville, Kentucky), demonstrated a negative effect
of stretching on locomotor recovery in a moderately
severe contusive SCI model, which is more clinically
relevant (Caudle et al. 2011, Keller, Rees, et al. 2017,
Keller, Wainwright, et al. 2017). They showed that daily
static stretching, whether initiated acutely (five days
after injury) or chronically (10 weeks after injury),
resulted in significant locomotor impairment (Keller,
Wainwright, et al. 2017; Figure 7-104). Similar negative
effects were observed for dynamic “Range of Motion”
stretching, a commonly used alternative to static
stretching in physical therapy (Keller, Rees, et al. 2017).

FIGURE 7-103: Model predicted values of the cognitive outcomes in which there was a significant group by time interaction. Outcomes are in standardized
metrics. The means are based on the predicted values from the Multilevel Models, which controlled for TOMM trial 2 scores and baseline PTSD and
post-concussive symptoms. CVLT-II = California Verbal Learning Test – Second Edition; TOMM = Test of Memory Malingering; WAIS-IV = Wechsler Adult
Intelligence Scale – Fourth Edition; WCST-64 = Wisconsin Card Sorting Test – 64 Card Version. (Figure used with permission from the authors)
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Figure 2.

These studies were funded by SCIRP, and is
strategically aligned with CCCRP and CRMRP.
The award (W81XWH-12-1-0587) was managed by
CDMRP.
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FIGURE 7-104: Acute and chronic Basso, Beattie, and Bresnahan
Open Field Locomotor Scores. (A) Basso, Beattie, and Bresnahan
scores are shown for the acute and chronic (ChS) stretch groups
over the first 10 weeks post-injury. Drops in Basso, Beattie, and
Bresnahan scores were modest and not significant during the
first 4 weeks but became significant at 5 weeks after higher
perceived forces were applied starting at week 4. #Indicates
significant differences between Monday morning and Friday
afternoon Basso, Beattie, and Bresnahan scores. *Indicates
significant differences in Basso, Beattie, and Bresnahan scores
for stretched and unstretched groups. (B) Basso, Beattie, and
Bresnahan scores of the ChS group dropped dramatically after
only 1 week of stretching. *Indicates significant differences
between pre-stretch (week 10 Monday morning) and stretch
Basso, Beattie, and Bresnahan scores. SCI, spinal cord injury.
(Figure from Keller, Wainwright, et al. (2017) used with permission
from the authors)

Locomotor function recovered to control levels
within two weeks after daily stretching ceased.
The negative effect of stretching is not associated
with signs of muscle damage. Taken together,
these results suggest that stretching as a therapy
can potentially hinder aspects of locomotor
recovery. These findings could lead to changes
in current physical therapy practice and improve
the outcome of rehabilitative care for Service
members with SCI.

An Intensive Outpatient Program of Trauma
Management Therapy for the Treatment of
PTSD
Exposure therapy, which operates on longestablished and fundamental principles of
behavior therapy, offers hope for acute symptom
alleviation, but may not address the severe social
impairment in some individuals with PTSD
(Frueh, Turner, and Beidel 1995). Thus, researchers
at the University of Central Florida (Orlando,
Florida) conducted a study to evaluate whether
trauma management theray (TMT), provided
over a 17-week period, which combines individual
virtual reality assisted exposure therapy with
group social and emotional rehabilitation skills
training, would offer a superior treatment than
exposure therapy plus psychoeducational group
therapy. Ninety-two (92) participants were
randomized in this very efficacious randomized
clinical trial (Beidel, Frueh, Neer, Bowers, et al.
2017). The researchers then tested whether
TMT could be compressed into an intensive/
compressed format (Intensive Outpatient Program
[IOP]) (3 weeks) that is more amenable to the
needs of active personnel. Researchers originally
anticipated recruiting 60 for the program, but
ended up treating 100 Veterans/active duty Service
members because of the overwhelming demand.
In addition to feasibility, the investigators
established the efficacy of an IOP with clinically
and statistically significant drops in ClinicianAdministered PTDS Scale (CAPS) scores of
more than 50 points and statistically significant
decreases in anger, depression, guilt, and social
isolation (Beidel, Frueh, Neer, Bowers, et al. 2017,
Beidel, Frueh, Neer, and Lejuez 2017, Beidel, Stout, et
al. 2017, Neer et al. 2016; Figure 7-105).
Finally, to better understand some of the
underlying brain mechanisms in PTSD, the
investigators developed a methodology to assess
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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FIGURE 7-105: Clinician-Administered PTSD Scores for the 3 and
17-week Trauma Management Therapy (TMT) at pre-treatment,
post-treatment and follow-up. (Figure used with permission from
the authors)

neurophysiological responses to traumatic smells
and sounds and demonstrated that traumarelated sounds and smells were associated
with distinct aspects of neurophysiological
functioning under certain conditions (Gramlich
et al. 2017). Thus, this study has demonstrated
that TMT can provide a reliable and clinically
significant change in PTSD symptoms, can be
delivered in a condensed format, and developed
a means for assessing the underlying predictors
and mechanisms of treatment response in the
brain for TMT.
An intensive format that provides clinically
significant improvement is a major improvement
upon existing PTSD therapies, allowing for a
treatment that is more amenable to the needs of
active duty personnel.
This study received funding from PH/TBIRP, and
is strategically aligned with MOMRP. The award
(W81XWH-11-2-0038) is managed by CDMRP.
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The Efficacy of a Transdisciplinary Intensive
Outpatient Program for Treating Active Duty
Service Members with TBI and Associated
Disorders
It is estimated there were 200,000 cases of
head injury during OIF/OEF deployments with
most being mild and many resulting from blast
exposure (DVBIC 2011). Treatment efforts have
faced serious challenges including understanding
the comorbidity between TBI, PTSD and chronic
pain and a lack of standardized evidencedbased treatments (Logan et al. 2013). Although
interdisciplinary programs have shown promise,
they have been directed towards Veterans and
not active duties Service members (Walter,
Kiefer, and Chard 2012). Active duty patients
consistently show a wide range of physical and
emotional symptoms that are grouped under the
rubric “consequences of war and chronic postdeployment adjustment issues” (Dieter and Engel
2016). Along with a history of TBI and PTSD,
patients usually experience anxiety, chronic
insomnia and headache, depression, functional
cognitive complaints, orthopedic and muscular
disorders, and symptoms of vestibular and
somatosensory dysfunction. Furthermore, these
symptoms will likely interact and over time, can
lead to serious impairment, and a change in how
the individual perceives him/herself (Figure
7-106). The Fort Hood Intrepid Spirit Center
(ISC) offers comprehensive, interdisciplinary
care to Service members experiencing symptoms
associated with the consequences of war. A
six-week intensive outpatient program (IOP)
cares for Service members with more intractable
conditions. Cohorts consist of closed-groups of up
to seven Service members. Evidence-based group
interventions include Stress Inoculation Training,
Cognitive Process Therapy – PTSD, CognitiveBehavioral Therapy – Insomnia, Cognitive
Rehabilitation, Mindfulness, Spirituality, Yoga,
Art and Music Therapy, Nutrition, and Wellness.
Individual treatments include pain and medication
management, occupational, physical and speech
therapy, chiropractic, psychotherapy, biofeedback,
medical massage and acupuncture.

Figure 1. A proposed model of the relationship between the consequences of war & chronic postdeployment adjustment issues
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FIGURE 7-106: A Proposed Model of the Relationship Between the Consequences of War & Chronic Post-Deployment Adjustment Issues
(Figure 1 from Dieter and Engel (2016) used with permission from the authors)

This study empirically evaluated IOP efficacy
on 84 active duty Service members. There
were 75 men (89.29 percent) and 9 women (10.71
percent). Their mean age was 34.60 (standard
deviation = 6.21) years with 12.90 (standard
deviation = 5.73) years time in service. Most
were enlisted (90.4 percent) with a rank of E6
and above (58.5 percent). They had a mean of
2.76 (standard deviation = 1.41) deployments
with most (57.5 percent) deploying to Iraq and
Afghanistan. Average time since last deployment
was 3.15 (standard deviation = 2.14) years. A
longitudinal design examined Service members
before and after participation. Computerized
neuropsychological testing (MicroCog5) evaluated
cognitive functioning prior to and one-month posttreatment. Responses to established self-report
instruments monitored symptomatology (anxiety,
depression, headache, insomnia, neurobehavioral
dysfunction, PTSD [Table 7-14]) across three data
collection points: pre-treatment (obtained on

the first day of participation), immediate posttreatment (at the conclusion of the sixth week) and
at one month post-treatment.
The researchers found that every self-report
measure was significantly lower at the conclusion
of care (Table 7-14). Three of these measures
remained significantly lower at one-month. On
average, Service members rated the overall quality
of the IOP as 8.98 (standard deviation = 1.24)
out-of-10 and their global improvement as 7.47
(standard deviation = 2.06) out-of-10. Regarding
neuropsychological functioning, six of the nine
MicroCog Indexes showed significantly improved
cognitive functioning at one-month post-IOP
(Table 7-15).
This preliminary study supports the IOP for
ameliorating the multi-systemic conditions
associated with the consequences of war. Service
members endorsed a significant reduction in
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TABLE 7-14: The Effects of the Six-Week Intensive Outpatient Program on Self-Reported Symptomatology (Table 1 from Dieter and Engel (2016)
used with permission from the authors) References within the table: 6 = Wilkins, Lang, and Norman 2011, 7 = Martin et al. 2006, 8 = Norman et al. 2006,
= King et al. 2012, 10 = Morin et al. 2011, 11 = Kosinski et al. 2003.

9

Table 1
The Effects of the Six-Week Intensive Outpatient Program on Self-Reported Symptomatology
_________________________________________________________________________________________________
Measure
Pre-Treatment
Immediate
p Value
1-Month
p Value
Post-Treatment
Post-Treatment
_________________________________________________________________________________________________
PCL-M (PTSD) 6
59.62 (12.22)
54.04 (13.24)
p < .001
54.42 (13.48)
p = .001
PHQ-9 (Depression) 7
15.36 (4.78)
12.99 (5.25)
p < .001
13.98 (5.14)
p = .043
OASIS (Anxiety) 8
13.31 (3.82)
10.94 (4.09)
p < .001
11.98 (4.01)
p < .177
NSI (Neurobeh SXs) 9
47.33 (14.86)
42.03 (15.83)
p = .001
44.25 (15.83)
p = .392
ISI (Insomnia) 10
19.31 (5.59)
16.74 (5.25)
p < .001
16.84 (6.78)
p = .01
HIT-6 (Headache) 11
63.32 (6.11)
61.28 (6.33)
p = .006
60.98 (7.08)
p = .08
_________________________________________________________________________________________________

TABLE 7-15: The Effects of the Six-Week Intensive Outpatient Program on Neuropsychological Functioning (Table 2 from Dieter and Engel (2016)
used with permission from the authors) Reference with the table: 5 = Powell et al. 1993.

Table 2
The Effects of the Six-Week Intensive Outpatient Program on Neuropsychological Functioning
_______________________________________________________________________________________________________
Measure 5
Pre-Treatment Interpretation 1-Month Post-Treatment Interpretation p Value
_______________________________________________________________________________________________________
General Cognitive Functioning
78.58 (14.92)
Borderline
84.10 (14.52)
Low Average p = .009
General Cognitive Proficiency
81.80 (12.20)
Low Average
86.18 (12.26)
Low Average p = .006
Information Processing Speed
91.84 (14.28)
Average
98.88 (14.01)
Average
p < .001
Information Processing Accuracy
73.14 (16.72)
Borderline
76.50 (2.56)
Borderline
p = .071
Attention/Mental Control
78.74 (16.46)
Borderline
85.10 (16.80)
Low Average p = .003
Reasoning/Calculation
86.44 (15.30)
Low Average
93.44 (12.69)
Average
p = .001
Memory
84.88 (17.09)
Low Average
90.88 (18.89)
Average
p = .019
Spatial Processing
80.92 (17.21)
Low Average
80.86 (13.96)
Low Average p = .976
Reaction Time
77.98 (19.04)
Borderline
77.32 (22.82)
Borderline
p = .976
_______________________________________________________________________________________________________

self-reported physical, emotional and cognitive
difficulties. Objective neuropsychological testing
revealed a significant improvement in cognitive
functioning one month after Service members
resumed their work and social demands. Future
efforts will examine patient variables that may
predict treatment response. A longitudinal study
has recently been implemented to examine the
efficacy of ISC care in non-IOP patients (results not
yet available).
This study was funded by the Carl R. Darnall Army
Medical Center (CRDAMC) (Fort Hood, Texas),
NICoE, and Intrepid Fallen Heroes Fund (IFHF).
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Update on Hyperbaric Oxygen Research
Project
The U.S. Army Medical Materiel Development
Activity (Fort Detrick, Maryland) led the Brain
Injury and Mechanisms of Action (BIMA) of
Hyperbaric Oxygen (HBO2) for Persistent PostConcussive Symptoms after mTBI study and
parallel comparative study, known as the “Normal”
study comprised a DoD, multi-center, Phase 2 trial.
The BIMA and Normal study design consisted of
two study arms, one at 1.5 atmospheres absolute
pressurization breathing 100 percent oxygen and the
other at 1.2 atmospheres pressurization breathing
room air (21 percent oxygen). By study conclusion,
the BIMA and Normal studies enrolled 71 and 83
subjects, respectively. Hyperbaric oxygen chamber

intervention was concluded and closure of sites
occurred in December 2014. Data collection for the
studies was completed in January 2016.
The BIMA study baseline findings were published
in a special issue of the Undersea and Hyperbaric
Medicine Journal (Weaver et al. 2016).
The finalized clinical study report (CSR) was
submitted to the FDA in July 2017. The findings of
the CSR will be published in a primary manuscript in
a peer-reviewed medical journal in FY18. Additional
manuscripts are being prepared for submission to
select peer-reviewed journals throughout 2018-2019.
To share data across the entire TBI research field
and to facilitate collaboration between laboratories,
the BIMA and Normal data will also be submitted to
FITBIR informatics system by June 2018.

Socket has lower proximal trim lines that do not
impinge on the pelvis; is flexible so muscles can
move comfortably within the socket as they contract
during activity and improve sitting comfort; and is
held securely to the residual limb by vacuum pump
suction as well as compression of an undersized
liner and socket (Fatone and Caldwell 2017a, 2017b;
Figure 7-107). Use of the NU-FlexSIV Socket was
evaluated using gait analysis, socket comfort score,
and performance-based outcome measures (RapidSit-To-Stand, Four-Square-Step-Test, and Agility
T-Test) in two transfemoral prosthesis users.
The NU-FlexSIV Socket was compared to ischial
containment sockets. For both subjects, comfort
was better in the NU-FlexSIV Socket, while gait

The findings of these studies indicate that
hyperbaric oxygen treatment offers the potential for
beneficial, but apparently transient, improvements in
mTBI-associated post concussive and post-traumatic
stress disorder symptoms.

Orthotics and Prosthetics
A Prosthetic Socket Technology for
Transfemoral Prosthesis Users that Improves
Active Range of Motion and Reduces Socket
Impingement
Problems with current transfemoral prosthetic
sockets include that they restrict function, are
uncomfortable, and cause residual limb problems.
Lack of socket comfort is the most common
complaint of prosthesis users. Development of a subischial socket with lower proximal trim lines may
address these problems contributing to improving
QOL for transfemoral amputees. Researchers
at Northwestern University (Chicago, Illinois)
developed and evaluated the use of a new sub-ischial
socket, the Northwestern University Flexible SubIschial Vacuum (NU-FlexSIV) Socket. This new
socket technique was developed by the research
team to provide a more comfortable alternative to
current transfemoral sockets. The NU-FlexSIV

FIGURE 7-107: Demonstrating flexibility of the NU-FlexSIV Socket
(Figure used with permission from the authors)

One user described sweat being pumped
out of the perforated liner into the socket
and, in some cases, out of the socket
through the air relief valve of the vacuum
pump. Another user indicated that the
perforations did not damage the skin and
reduced slippage of the liner with respect
to the limb.
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and clinical outcomes were generally comparable
between sockets (Fatone and Caldwell 2017a; Figure
7-108).
To address complementary challenges, the project
also included developing a hybrid vacuum pump
and a simple, inexpensive technique for perforating
a silicone prosthetic liner to expel sweat (Caldwell
and Fatone 2017, Caldwell et al. 2015, Komolafe et
al. 2013, Major, Caldwell, and Fatone 2015a, Major,
Caldwell, and Fatone 2015b; Figure 7-109). Expulsion
of sweat through the perforations was demonstrated
by pouring water into the liner, folding the proximal,
open end of the liner to create a seal, and forcing
water droplets to escape the perforations with
some resistance. Additional evidence that water
escaped was seen by the wet patches that formed
on the exterior fabric of the perforated liner after

active wear. Initial clinical experience suggested
that expulsion of sweat occurred and user feedback
indicated improved prosthesis use as a result
(Caldwell and Fatone 2017).
To the best of our knowledge, this is the first
teachable sub-ischial socket technique that results
in improved comfort and comparable function to
ischial containment sockets. The researchers have
been awarded follow-on funding to evaluate the
functional performance of the NU-FlexSIV Socket in
a clinical trial.
The NU-FlexSIV Socket may improve comfort and
function in Service members with transfemoral
amputations allowing them to return to a more
active lifestyle and improve QOL.

FIGURE 7-108: Demonstrating range of hip motion with the NU-FlexSIV Socket (Figure used with permission from the authors)

FIGURE 7-109: A, Interior of liner showing perforations. B, Exterior of fabric covered liner showing wet patches where sweat was absorbed
during active wear. These sweat patches appeared after approximately 5 minutes of light jogging indoors in a patient that has reported sweating
as a problem. (Figure 2 from Caldwell and Fatone (2017) used with permission from the authors)
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This research was funded by JWMRP managed by
CDMRP and strategically aligned with CRMRP
(award W81XWH-10-1-0744). The follow-on study is
funded by PRORP and managed by CDMRP (award
W81XWH-15-1-0708).
A Thermal Management Device for Active Heat
Removal from a Prosthetic Limb Socket
IEDs encountered in modern warfare have caused
a significant rise in traumatic amputations in the
military population and an increased clinical need
for prosthetics (Stansbury et al. 2008). Commonly
used prosthetic liners limit air circulation and
evaporation at the prosthetic socket interface.
Inadequate heat and moisture management within
the prosthetic socket often result in residual limb
skin irritation, bacterial growth, and patient
discomfort. Sweating and skin irritation can lead
to skin diseases like dermatitis, ulceration, and
psoriasis, among others. Although these conditions
can be successfully managed by care providers, they
frequently result in reduced use of the prosthesis
and a consequent reduction in patient’s activity
levels. Several attempts have been made to monitor
and maintain lower skin temperatures within the
prosthetic socket to reduce sweating. Unfortunately,
most sensors and devices have proven to be
excessively irritating to the skin, have limits to the
amount of cooling they can provide, and/or can
cause the socket/liner interface to fail to maintain a
secure fit.
Researchers at Vivonics, Inc. (Bedford,
Massachusetts) and Liberating Technologies, Inc.
(Holliston, Massachusetts), focused on developing
an active cooling system that could be incorporated
into lower-limb prosthetic sockets. The developed
cooling system, Intra-socket Cooling Element
(ICE), was designed to contain a heat pumping
mechanism for active heat removal that would fit
into the prosthetic limb socket. Results from initial
human use studies (Figure 7-110) showed that the
custom-fabricated cooling sockets (Figures 7-111 &
7-112) were able to decrease the temperature of the
residual limb after exercise by an average three to
five degrees Celsius, a clinically significant value

FIGURE 7-110: Average Temperature Change of Five Subjects
with and without cooling for 50 minutes after walking (Figure
used with permission from the authors)

FIGURE 7-111: Bilateral Amputee during Walking Test (Figure used
with permission from the authors)

when compared with subjects who did not have ICE
(Peery, Ledoux, and Klute 2005). Users noted that
ICE was as comfortable as their normal prosthesis
and added that they would use ICE if it were
available to them.
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FIGURE 7-112: Above Knee Amputee during Sitting Phase of
Test (Figure used with permission from the authors)

Promising early clinical results allowed Vivonics,
Inc. to file for a provisional patent in May 2016 and
subsequent utility patent application in May 2017
(“Cooling System and Method for a Prosthetic
Socket”, Application Number 15,590,679) (LeRoy et
al. 2017). Ongoing efforts are underway to further
develop and commercialize the ICE active cooling
system for lower limb prosthetic sockets. The aim
is to refine and optimize the system’s conceptual
design, finalize the design under FDA Quality
Systems Regulations with ISO 13485 (Quality
Management Systems) compliance, perform
further validation testing of ICE, and prepare for its
commercialization.
In conclusion, the ICE active cooling system can
reduce residual limb surface temperatures and has
the potential to markedly reduce skin irritation,
breakdown, sores, and infection experienced
by individuals who wear prosthetic devices and
thereby improve quality of life for Service members,
Veterans, and Civilians.

activities. Although specialized or activity-specific
prostheses can allow users to perform at a high level,
they also require additional expense, maintenance,
and effort to use. There is therefore a need for
prosthetic components capable of functioning
across a range of activities. Crossover feet, which
integrate the extended carbon fiber keel and
posterior socket attachment of a running-specific
foot with the carbon fiber heel and foot shell of
traditional energy-storing feet, have been designed
by Davidson Prosthetics (Puyallup, Washington)
and Össur (Reykjavik, Iceland) to fulfill this purpose
(Hafner et al. 2017; Figure 7-113). In principle,
crossover feet should allow lower limb prosthesis
users to effectively perform both low-level activities
like walking indoors and high-level activities like
jogging, running, or playing sports. However,
research is needed to determine whether crossover
feet can match or exceed the performance of energystoring feet generally provided to Service members,
Veterans, and civilians with lower limb amputation
as part of their SOC.
Researchers at the University of Washington (Seattle,
Washington) conducted a randomized crossover
study to compare laboratory-based and communitybased outcomes associated with use of crossover
feet (Össur Cheetah Xplore) to standardized energystoring feet (Össur Vari-flex). Participants with
transtibial amputation received duplicate prostheses
with each type of foot, and wore each for a minimum
of one month prior to testing. Laboratory-based

This work received funding from PRORP and
JWMRP. The awards (W81XWH-13-1-0453 and
W81XWH-17-C-0005) are managed by CDMRP.
Novel Crossover Prosthetic Foot Enhances
Health Outcomes for Service Members,
Veterans, and Civilians with Lower Limb
Amputation
Service members, Veterans, and civilians with lower
limb amputation often require multiple prostheses
to engage in a variety of vocational and recreational
200
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FIGURE 7-113: Crossover feet (center) combine features of
running-specific feet (extended carbon fiber keel and posterior
socket attachment) and energy-storing feet (carbon fiber heel and
foot shell). (Figure used with permission from the authors)

outcomes included walking endurance, perceived
exertion, and walking performance (e.g., speed
and step length, width, and time). Communitybased outcomes included step activity and reported
mobility, fatigue, activity restrictions, balance
confidence, and satisfaction. Participants were
also interviewed regarding activities in which
performance of the feet differed.

Crossover feet can fulfill injured Service
members’ need for a robust, multipurpose prosthetic foot. They provide
low-level performance equal to modern
energy-storing feet, but enhance users’
abilities to engage in a range of highlevel activities.
Results from unilateral prosthesis users (n=26)
who participated in the study indicated crossover
and energy-storing feet offer generally equivalent
laboratory-based performance (i.e., while walking
at normal speeds). However, participants took
significantly longer sound-side steps in the crossover
foot. The crossover foot may therefore have the
potential to mitigate secondary conditions and
long-term impairment associated with asymmetrical
gait. Although activity levels (i.e., daily step count)
were not significantly affected, participants reported
significant improvements in all community-based
health outcomes when using the crossover foot.
Interviews confirmed that participants preferred
the crossover foot to the energy-storing foot for a
number of activities, including walking over uneven
terrain, walking on inclines, ascending stairs, playing
sports, and running. Results indicate that crossover
feet may be a promising prosthetic alternative to
traditional energy-storing for Service members,
Veterans, and civilians with transtibial amputation
who engage in a range of mobility activities.
This study is funded by the Orthotics and Prosthetics
Outcomes Research Program, and is strategically
aligned with CRMRP. The award (W81XWH-15-10458) is managed by CDMRP.

Combining Targeted Muscle Reinnervation
Surgery with Pattern Recognition to Improve
Prosthesis Control
Upper limb amputation has ranked as one of the
most severe combat-related orthopaedic injuries
and remains a significant cause of long-term
disability for Veterans. Unfortunately, upper limb
prosthetic technologies still fall far short of what
is needed to replace lost limb function, especially
for young, fit military personnel. The current
devices provide limited function and are heavy,
uncomfortable, and awkward to control.
Researchers at the RIC (now renamed to the Shirley
Ryan AbilityLab; Chicago, Illinois) conducted a
study involving subject participants with targeted
muscle reinnervation (TMR) and compared
direct control to pattern recognition control of
a commercially available powered upper limb
prosthesis (Hargrove et al. 2017). Clinicians from
the Shirley Ryan AbilityLab, WRNMMC (Bethesda,
Maryland), San Antonio Military Medical Center
(San Antonio, Texas), and other facilities where the
TMR procedure has been performed assisted in
subject recruitment.
TMR is a procedure in which the nerves that
previously controlled the missing arm are sewn
on to ‘target’ muscles that no longer do anything
because the arm is gone. Even though the arm
is missing, the brain still sends messages down
these nerves telling the arm how and when to
move. The transferred arm nerves reinnervate
the target muscles so that when the person
tries to move the missing arm the target muscle
contracts. When the target muscles contract they
make electrical signals, called electromyography
signals (EMG), that are detected by electrodes on
the skin surface. These EMG signals are used to
control a prosthesis—so that when the person tries
to move their missing arm the prosthesis follows
these commands and moves in the desired manner.
Pattern recognition control uses the EMG signals to
enable intuitive control of prosthetic devices.
The subject participants with TMR compared
conventional direct control to pattern recognition
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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control with a commercial arm system (Boston
Digital Arm) over six to eight weeks during
an in-home trial (Figure 7-114). Seven out of
eight subjects preferred pattern recognition
control over direct control. Statistical analysis
also demonstrated that pattern recognition has
functional advantages over direct control. Subjects
then completed a further home trial using the RIC
Arm to evaluate the ability to control additional
degrees-of-freedom. The RIC Arm is a modular
prosthetic arm that is 30 percent lighter than
commercial devices, can fit the 25th percentile
female or larger patients, is very robust, and is also
considered very “smart”.
Many Service members with upper extremity
amputations have had the TMR surgical procedure
already. Combining the TMR procedure with
pattern recognition will provide more intuitive
control of a prosthetic arm with multiple degrees of
freedom.
This project was supported by PRORP and DMRDP,
and is strategically aligned with CRMRP and CCCRP.
The award (W81XWH-12-2-0072) is managed by
CDMRP.

Development of Quantitative Algorithms for
Improved Prosthesis Prescription
There are currently no science-based, objective
methods for optimizing running-specific prosthesis
prescription. Existing practices can waste time,
money, and resources and do not necessarily provide
the best prosthetic prescription. Due to the severity
of impairment caused by a leg amputation resulting
from blast injuries or otherwise and the healthcare
costs sustained over the lifetime of a person with an
amputation, it is extremely important to improve
RSP prescription so that Service members and
Veterans with amputations can regain the greatest
possible level of functional ability and return to
active duty, if they choose. Researchers at the
University of Delaware (Newark, Delaware), VA
Eastern Colorado Healthcare System (Denver,
Colorado), and the University of Colorado Boulder
(Boulder, Colorado), conducted a study to develop
tools for clinicians to prescribe running-specific
leg prostheses that facilitate optimal function for
Service members and Veterans with transtibial
amputations.
The researchers systematically varied the stiffness
and height of distance-running RSPs and measured

FIGURE 7-114: Schematic of randomized block design. (Figure 1 from Hargrove et al. (2017) used with permission from the authors)
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the biomechanical and metabolic effects of
running at the speed required for a subject’s age/
sex 50th percentile Physical Fitness Test two mile
run and at one standardized speed (three meters
per second) (Beck, Taboga, and Grabowski 2017).
They also systematically varied the stiffness and
height of sprint-running RSPs and measured
the biomechanical and performance effects of
running across a range of speeds. These tests were
performed with 30 human subject participants
with transtibial amputations (Beck, Taboga, and
Grabowski 2016).
By combining results from distance-running
and sprint-running prostheses, the researchers
determined that prosthetic stiffness varies with
the magnitude of applied force (Beck, Taboga, and

Grabowski 2017). They also found that manufacturer
recommended prosthetic stiffness varies between
models and the height of J-shaped RSPs is inversely
related to the stiffness (Figure 7-115).
Additional analysis is ongoing to develop clinically
relevant, quantitative algorithms for prosthetic
stiffness and height prescription based on a subject’s
weight, amputation level, limb segment lengths, and
desired running speed.
Optimizing RSP prescription for Service members
and Veterans with transtibial amputations
will improve and expedite rehabilitation; save
time, money, and resources; facilitate aerobic
conditioning, reduce injury risk, and improve
performance.

FIGURE 7-115: The prosthetic stiffness of three different running-specific prostheses was measured using a materials testing machine. From
top to bottom, Össur Flex-Run (blue square), Freedom Innovations Catapult FX6 (red triangle), and Ottobock 1E90 Sprinter (green diamond) RSPs.
Then, each prosthetic model was used in a study to determine the optimal prosthetic configuration. Middle Column: Average net cost of transport
(CoT) from 10 athletes with unilateral transtibial amputations using each of the prosthetic models at different stiffness categories (Cat) (top
graph) and heights (bottom graph). “Rec” is the manufacturer and prosthetist recommended stiffness Cat and height. Net CoT is the metabolic
power per unit distance subtracting the cost of standing. Right Column: Average net CoT from five athletes with bilateral transtibial amputations
using each of the prosthetic models at different stiffness Cats (top graph) and heights (bottom graph). “IPC max” is the maximum height that
each athlete with bilateral transtibial amputations could use to compete in International Paralympic Committee sanctioned events in 2016. Error
bars indicate standard error. Neither prosthetic stiffness (p=0.180) nor height (p=0.062) affected net CoT for athletes with unilateral transtibial
amputations. Reduced prosthetic stiffness decreased (improved) net CoT (p<0.001), such that for 1 stiffness Cat reduction, net CoT was 3.7
percent lower for athletes with bilateral transtibial amputations. Prosthetic height did not affect net CoT for athletes with bilateral transtibial
amputations (p=0.089). (Figure used with permission from the authors)
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This study received funding from PRORP, and is
strategically aligned with CRMRP. The award
(W81XWH-11-2-0222) is managed by CDMRP.
Characterization of Prosthetic Feet for
Weighted Walking in Service Members with
Lower-Limb Amputations
Despite the large number of prosthetic feet
available to persons with lower limb amputation,
the mechanical properties best suited to specific
ambulatory tasks are largely unknown. Service
members with major limb loss often perform load
carriage tasks in returning to service or other highimpact occupations. Researchers at WRNMMC,
EACE, and Minneapolis VA first mechanically
characterized nine commercially available
prosthetic feet (Figure 7-116) and subsequently
investigated loaded walking in two feet at the
extremes of stiffness profile; specifically, one
with the most “linear” stiffness profile and one
with the most “non-linear” stiffness profile (i.e.,
largely increased stiffness at loads exceeding
body weight) (Golyski et al. 2017a, 2017b, KoehlerMcNicholas et al. 2017, Nickel et al. 2017). The

Knowledge from this study could lead to
more informed choices in prosthetic foot
selection for Service members interested
in returning to active duty or participating
in high performance activities.

non-linear foot was hypothesized to better
accommodate weighted walking, as the biological
ankle-foot exhibits a similar non-linear stiffness
to maintain shape with load. Fourteen males with
unilateral transtibial amputation walked in two
feet marketed towards carrying loads, with and
without an added 22-kilogram load, and at speeds
of 1.34 and 1.52 meters per second. Contrary to the
hypothesis, the non-linear stiffness foot exhibited
higher loads in the sound limb than the linear foot
at both speeds and loading conditions (Golyski et
al. 2017a, 2017b). Additionally, the non-linear foot
produced less positive work in terminal stance,
which may explain increased sound limb loading.
The mechanical properties of the two prosthetic
feet may explain the deviation from the initial

FIGURE 7-116: Load versus deflection profiles were obtained using a servohydraulic universal test frame (MTS 858, MTS, Eden Prairie, MN) with
axial/torsional capabilities, and a load cell (MTS 661-21A-01, MTS, Eden Prairie, MN). The foot was mounted in the fixture such that the plantar
surface of the boot was set at a 20-degree angle from horizontal, simulating forefoot loading as defined by the ISO 10328 standard. Load versus
deflection curves were used to calculate forefoot stiffness, which were normalized by BW to calculate means across subjects. (Figure 2 from
Koehler-McNicholas et al. (2017) used with permission from authors)
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hypothesis. Specifically, overall stiffness was
larger for the non-linear foot. Higher prosthetic
foot stiffness has been suggested to result in larger
first peak vertical ground reaction force on the
intact limb. Such larger passive stiffness results
in lower energy absorption and proportional
return, and has been previously associated with
increased intact limb loading. Results of this
study indicate that a more compliant prosthetic
foot may reduce intact limb loading and provide
greater stability, independent of the linearity of
stiffness, when walking with or without added
load. These findings demonstrate the importance
of supplementing mechanical with clinical testing
to understand the biomechanical implications of
the full complement of mechanical properties in
any prosthetic device.
This study received funding from EACE and PRORP,
and are strategically aligned with CRMRP. The award
(W81XWH-11-2-0222) was managed by CDMRP.
Design and Prescription of Advanced Orthotics
Researchers at EACE (CFI, San Antonio, Texas)
are continually striving to improve the design
and prescription criteria for advanced orthotic
devices. Subtle modifications to factors such
as the alignment, bending axis, or heel wedge
properties of a dynamic ankle-foot orthosis can
have important implications for walking and
running performance (Brown, Russell Esposito,
and Wilken 2017, Ikeda, Fergason, and Wilken 2017,
Russell Esposito, Ranz, et al. 2017). For example,
little is understood about how foam heel wedge
properties affect an individual’s gait, despite the
integral part these wedges play in the ankle-footorthosis system. Researchers at EACE (CFI, San
Antonio, Texas) evaluated the biomechanical
effects of altering heel wedge properties when
walking with the IDEO and found that both the
height and durometer of the wedge systematically
affected gait. The results led to new developments
in wedge design to include a style contoured to a
greater length of the plantar surface of the anklefoot orthosis (Figure 7-117). The clinical translation
of the research findings had an immediate positive

impact on patient care both within and outside of
the CFI.
The advancement of dynamic ankle-foot orthosis,
such as the IDEO, has led to improved outcomes for
Service members with lower limb reconstruction.
These are often patients who may have otherwise
undergone limb amputation and comparisons
between the two procedures are critical,
particularly when considering the advanced
prosthetic and orthotic devices now available.
Researchers at EACE (CFI, San Antonio, Texas)
conducted a study to compare lower extremity
biomechanics during walking in 72 individuals
with lower limb reconstruction with IDEO use,
transtibial amputation with passive prosthesis
use, or no injuries (able-bodied controls) (Russell
Esposito, Stinner, et al. 2017). The gait deviations
that were present were most apparent in the
knee in individuals with transtibial amputation
and at the ankle in patients with lower limb
reconstruction wearing the semi-rigid IDEO,
but both groups were able to replicate many
aspects of normative gait mechanics. The clinical
decision leading to amputation or lower limb

FIGURE 7-117: IDEO–heel wedge–shoe system. The new style
heel wedge, shown in hash mark fill, sits in the shoe under the
IDEO. (Figure 1 from Ikeda, Fergason, and Wilken (2017) used with
permission from the authors)
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reconstruction is complex and multifactorial.
The more comprehensive the understanding of
outcomes associated with each procedure, the
more information clinicians have for counseling
patients who have sustained severe extremity
injuries.
These studies were funded by EACE and CRSR,
BAMC.

Pathophysiology of Neurotrauma
Understanding Differences in Blast versus
Non-Blast Injuries are Important to Guide
Treatment
Blast-induced mTBI is a unique injury that
is prevalent within the military population.
Information pertaining to the effects of blast
injuries has been obtained from computer
simulations, animal models, and even postmortem brain tissue, often in severe and
moderate TBI subjects (Shively et al. 2016).
However, non-invasive in vivo indicators that are
sensitive to the effects of blast-induced mTBI are
at present unavailable. Such a limitation makes
treatment of mTBI symptoms complicated and
recovery difficult to assess. Researchers at the
NICoE (Bethesda, Maryland) and WRNMMC
(Bethesda, Maryland) conducted a study to
explore functional and structural connectivity
in the brain. The researchers used a combined
multimodal imaging approach to identify changes
in pathways of the brain relating to blast-induced
chronic mTBI.

A total of 241 Service members diagnosed
with chronic mTBI and blast as the primary
mechanism of injury were compared to 140
Service members with only non-blast injuries.
Resting state fMRI, DTI, and structural MRI
images were acquired using a 3T scanner. As
shown in Figure 7-118, the data were processed
to yield maps of mean diffusivity, the default
mode network, and the sensory-motor network.
Canonical correlation analysis and independent
components analysis were then used to compute
connectivities among regions.
The results showed distinct functional and
structural differences between blast and
non-blast subjects within white matter regions
such as the genu of the corpus callosum, posterior
thalamic radiation and brain stem, and within
gray matter regions such as the precuneus,
superior temporal gyrus, frontal gyrus, posterior
cingulate and primary sensory cortex were
present (Nathan et al. 2017; Figure 7-119).
The blast mechanism of injury induces
widespread effects on the brain as reflected by
dispersed functional connectivity differences
in the brain. Moreover, these changes are
significantly different from those caused by
non-blast sources of mTBI. Understanding
the extent of damaged regions may help to
inform appropriate treatment and assessment
of long-term symptoms and recovery in Service
members.

FIGURE 7-118: Diagram of processing methods. (Figure used with permission from the authors)

206

CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS

FIGURE 7-119: Differences in functional connectivity in gray matter regions (green) and white matter integrity (red) between blast-TBI and
non-blast-TBI suggest that the blast has unique and widespread effects on both white matter pathways and gray matter networks. (Figure
used with permission from the authors)

This research was supported by the Clinical
Research Intramural Initiative and PH/TBIRP. The
intramural and extramural (W81XWH-17-C-0149)
awards were managed by CDMRP.
Identifying a Candidate Panel to Discriminate
TBI from PTSD-TBI Polytrauma Symptoms
TBI is the “signature wound’’ of OIF/OEF. Due to
the increasing use of IEDs by the insurgency and
the necessary facial exposure of combat troops
even when wearing protective gear, it is estimated
that 20 to 30 percent of returning Service
members may eventually exhibit symptoms of TBI
(Scholten et al. 2012). PTSD is a serious behavioral
health disorder, and it has been estimated that
17.1 percent of soldiers returning from Iraq and
11.2 percent of those returning from Afghanistan
have experienced major depression, generalized
anxiety, and/or PTSD (Richardson, Frueh, and
Acierno 2010, Xue et al. 2015). As part of the
present effort, researchers at the Integrative
Systems Biology Program at U.S. Army Center
for Environmental Health Research (USACEHR;
Frederick, Maryland) are working with
collaborators from the Dwight D. Eisenhower
Army Medical Center (DDEAMC; Augusta,
Georgia) to screen for potential biomarkers
associated with neuronal injury. In a pilot study,
researchers at DDEAMC collected blood samples
from individuals with PTSD or with mTBI and

PTSD, and shared these samples with USACEHR
for multi-omics analysis. The goal was to identify
candidate genes/proteins differentially expressed
between those who were diagnosed as having
PTSD from those diagnosed with mTBI and
PTSD. The candidate gene/protein approach is
viewed as only a first step toward identifying
molecular mechanisms that are likely to be
involved in the physiologic consequences of mTBI
and PTSD. Gene expression, deoxyribonucleic
acid (DNA) methylation, and targeted proteomic
analyses have been completed for these samples,
and functional pathway predictions show
possible overlaps between networks enriched by
differentially expressed and methylated genes
(Figure 7-120).
The clinical, anthropometric, physical, biometric,
and endocrine data collected by DDEAMC will be
sent to USACEHR researchers, who will correlate
these data with the omics results to identify
a candidate panel to discriminate TBI from
PTSD-TBI polytrauma symptoms.

Correlation of clinical data with omics
results will help identifying a candidate
panel to discriminate TBI from PTSD-TBI
polytrauma symptoms.
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FIGURE 7-120: The systems biology approach to derive biologically meaningful information towards the precision disease diagnostics for PTSD
and TBI, two signature diseases of OEF/OIF warfighters and veterans (Figure used with permission from the authors)

USACEHR researchers are engaged in validating
the epigenetic markers using a low throughput
targeted platform. Based on published studies
of PTSD patients among OIF/OEF Veterans, it is
anticipated that the DNA methylation pattern has
the potential to serve as an early detection marker,
but this requires further validation (Hammamieh
et al. 2017). The USACEHR researchers are in
the process of validating the regions that were
identified using Human450K methylation data and
will interrogate CpG sites within these regions
of interest by pyrosequencing of amplicons in
real-time.
This research was funded by intramural funding
strategically aligned with MOMRP and CCCRP.
Neonatal Murine Cochlear Explant Technique
as an In Vitro Screening Tool in Hearing
Research
Sensorineural Hearing Loss (SNHL) is a condition
that typically involves damage to or loss of the
delicate mechanosensory structures of the inner
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ear. Promising pharmaceutical treatments for
hearing loss are often tested on homogenous cell
cultures in vitro, but such systems do not accurately
model the cochlear microenvironment.
Researchers at the Massachusetts Eye and
Ear Infirmary, (Boston, Massachusetts) have
characterized a cochlear explant model to study the
cochlea ex vivo while preserving vital cross-talk
between the vastly different cell types that coexist
within the cochlea. They have published a detailed
protocol by which to generate, maintain, and
evaluate treated cochlear explants, and discussed
specific application including use in the screening

The development and characterization
of an in vitro cochlear explant model
will aid the identification of mechanisms
that contribute to SNHL and screening
of promising compounds for hearing
restoration.

of potentially therapeutic compounds and the
comparative evaluation of viral vectors for gene
therapy (Landegger, Dilwali, and Stankovic 2017).
An ex vivo explant approach allows researchers
to visualize the effects of a given treatment on
different cell populations in situ, facilitating the
identification of cell type-specific mechanisms and
the subsequent refinement of targeted therapeutics
(Figure 7-121).

neuronal damage at the cellular level, and could be
observed as a reduction in power in the 1 to 40 hertz
frequency range local field potential (Boothe et al.
2017). This new understanding of multiscale brain
dynamics is particularly needed in cases of mTBI in
which morphological changes that are detectable
through commonly-used diagnostic techniques,
such as MRI, are not present. Next steps involve
creating a model that represents specific areas of the
cortex to more accurately determine how mTBI and
other injuries affect Service member performance.
Results from this study indicate that detonated
RDX, also known as T4 explosives cause distinct
losses of synaptic proteins before cell death, perhaps
explaining the cognitive deficits in those blastinduced TBIs with no detectable neuropathology.
Researchers at WRAIR are examining this
research to see if it can supplement their ability to

FIGURE 7-121: Representative Confocal Microscopy Images
of Cochlear Explants from the Apical and Basal Regions after
Incubation with Secretions from Great Auricular Nerves or
Vestibular Schwannomas for 48 h. (A) Overview image of an
explant. The rectangle marks the area in close-up images. Scale bar
= 200 μm. (B-E) Zoomed-in views of hair cells and neurites. Scale
bar = 50 μm. Green = Myosin 7A (Myo7A), stains hair cells; red =
class III beta-tubulin (Tuj1), stains neuronal structures. (Figure used
with permission from the authors)

This study was funded by PH/TBIRP, and is
strategically aligned with CRMRP. This award
(W81XWH-15-1-0472) is managed by CDMRP
New Insights into Mechanisms of mTBI
Explosive blasts produce one of the most common
types of TBI associated with the military, and
increased use of improvised explosive devices in
combat zones warrants the study of direct effects
blast shockwaves have on the brain. Researchers
at JHU developed a mathematical model of brain
cortical activity developed that has led to new
insights about brain dynamics, which will facilitate
diagnosis and treatment of blast-induced mTBI in
Service members (Boothe et al. 2017; Figure 7-122).
Working in concert with JHU researchers, ARL
scientists have for the first time established how
the large-scale deficiencies in sensory processing
that are found in mTBI cases can result from

FIGURE 7-122: Effects of cell membrane damage on spectral power
of simulated local field potential. Across both plots, colored lines
represent different levels of damage to the cell membrane (black
is baseline and damage increases from blue to red in increments
of 10 percent), and dotted lines indicate 99 percent CIs. (A) Effect
of damage to the whole cell. (B) Difference in log-scaled spectral
power between baseline (undamaged) and simulated damage to
the whole cell. As expected, power is reduced at higher levels of
simulated damage, but all frequencies are not affected equally. In
the lower frequencies, ranging from 1 to 40 hertz, there is drop in
power of approximately 14 decibels per hertz between the 10 and
50 percent levels of damage. Likewise, in the 40–100 hertz range
power drops 12 decibel per hertz. (Figure 3 from Boothe et al. (2017)
used with permission from the authors)
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identify molecular markers of blast-induced injury
to neurons in sensitive brain areas to enable the
eventual production of a field-ready biomedical
device capable of identifying TBI in Service
members. Outcomes from this study have the
potential to transition to WRAIR preclinical brain
injury neuroprotection research to initiate drug
interventions in moderate and severe TBI patients.
This research was funded by ARL Army Research
Office (ARO).
MRI Differences in Brain Structure: Persistent
Posttraumatic Headache and Migraine
A major challenge for the investigation, diagnosis,
and treatment of posttraumatic headache (PTH)
is the inability to accurately diagnose persistent
PTH (PPTH) attributed to mTBI and to reliably
differentiate PPTH attributed to mTBI from
chronic migraine. It is often impossible to
clinically differentiate the patient who had an
exacerbation of their underlying migraine pattern
following TBI, from the patient who had a new
onset of migraine following TBI, from the patient
with true PPTH. According to International
Classification of Headache Disorders diagnostic
criteria, the only evidence for headache being
attributable to a preceding head injury is that the
headache begins within seven days of the injury.
However, a substantial proportion of military PTH
starts after a longer interval (up to 60 percent of
cases), the majority of PPTH is phenotypically
indistinguishable from chronic migraine according
to information typically collected in the clinical
setting (60-97 percent), and many Service members
and civilians with presumed PPTH have a personal
history of migraine preceding the mTBI. Thus, it
is commonly challenging to differentiate PPTH
from chronic migraine in the clinical setting. The
inability to accurately diagnose PPTH attributed
to mTBI and differentiate it from chronic migraine
has substantial negative implications on patient care
and the ability to conduct meaningful research on
PPTH.
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Researchers at the Mayo Clinic and Foundation,
Scottsdale (Scottsdale, Arizona) are conducting
a study to see if they could identify differences in
the pathophysiology of migraine and PTH that
would support the notion that migraine and PTH
are truly distinct headache types. The objective of
this study is to use machine-learning algorithms
to construct multivariate models of structural and
functional imaging data and patient symptoms
that accurately diagnose PPTH attributed to
mTBI and differentiate it from chronic migraine.
Functional and structural MRI data and patient
symptoms will be used to build and test automated
diagnostic models that most accurately diagnose
PPTH attributed to mTBI and differentiate it from
chronic migraine (Figure 7-123). They are using
MRI sequences that can easily be employed during
the clinical investigation of patients, without adding
risk to the patient, without the need for contrast
administration, and with little additional financial
burden.
Initial results, published in 2017, show that
differences in regional volumes, cortical
thickness, surface area, and brain curvature exist
when comparing individuals with persistent

FIGURE 7-123: Regions with structural differences when comparing
individuals with persistent post-traumatic headache (PPTH) to those
with migraine. When comparing structural measurements of entire
brain regions in patients with PPTH to patients with migraine, the
right lateral orbital frontal region differed in area, volume, and
curvature. The left caudal middle frontal, precuneus, and superior
frontal regions and the right supramarginal gyrus region differed in
cortical thickness. (Figure 1 from Schwedt et al. (2017) used with
permission from the authors)

post-traumatic headache and individuals with
migraine. The brain regions affected include
the right lateral orbitofrontal lobe, left caudal
middle frontal lobe, left superior frontal lobe,
left precuneus, and right supramarginal gyrus.
These structural differences may be the result of
differences in underlying pathophysiology, despite
the substantial similarities in symptoms between
the two headache types (Schwedt et al. 2017).
In conclusion, the inability to accurately diagnose
PPTH leads to misdiagnosis and maltreatment.
These results could relatively quickly translate into
computer-aided diagnostic tools that would assist
in diagnosing PPTH and differentiating it from
chronic migraine.
This study is funded in part by PRMRP. The award
(W81XWH-15-1-0286) is managed by CDMRP.
Establishing the Ferret as a Gyrencephalic
Animal Model of Neurotrauma
Blast injury is a hallmark of recent military
battlefield conflicts. The gyrencephalic ferret is
an excellent small animal model to study humanpertinent consequences of neurotrauma because it
possesses an extensive distribution of white matter
and a strong presence of sulci and gyri.
Researchers at the CNRM conducted studies
to develop a ferret model of TBI to identify the
changes in pathophysiological, behavior, and MRI
after injury (Schwerin et al. 2017; Figure 7-124).
In one study, using controlled cortical impact
to create a TBI in the ferret model, revealed a
progression of inflammation that originates in the
neocortex near the site of the injury and progresses
deep into the white matter with time after injury.
Memory impairments coincide with the greatest
degree of inflammation in the cortex, while
motor impairments coincide with progression of
microglial clustering in the white matter. This
ferret model represents an important opportunity
to explore clinical therapies addressing progressive
damage in brain white matter after TBI.

FIGURE 7-124: Comparative anatomy. Comparison of the brains of
the adult mouse, ferret and human (not to scale − see scale bars)
showing coronal slices stained with cresyl violet. Note the location
of the hippocampus in the ferret is similar to the location in the
human. In addition, the amount of white matter is much greater
in the ferret han the mouse. The gyral folds in the ferret are also
obvious, displaying greater similarity to the human than the mouse.
Human brain slice adapted with permission from http://www.brains.
rad.msu.edu, supported by the US National Science Foundation and
the National Institutes of Health. Brain images were modified in
color, brightness and contrast for optimal comparison purposes.
(For interpretation of the references to color in this figure legend,
the reader is referred to the web version http://www.sciencedirect.
com/science/article/pii/S0165027017301292?via%3Dihub; (Figure
9 from Schwerin et al. (2017) used with permission from the authors)

In a second study, adult male and female ferrets
were exposed to one to four explosive blasts
and survived for 1-12 weeks. In contrast to
the limited distribution of astroglia observed
after a restricted impact injury, the astroglia
distribution after explosive blast is wide-spread
and immunoreactivity against GFAP (astrocytic
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marker) occurs throughout the telencephalon.
Particularly strong GFAP label distributes through
much of the extensive white matter present in the
ferret. GFAP IR is found at the interface between grey
and white matter, in the fundus of sulci, just below the
pia, and surrounding blood vessels. Immunoreactive
staining against markers for phosphorylated tau is
also strong in animals receiving a blast injury and
varies regionally within the brain. The intensity
of immunoreactivity for both markers varies in
proportion with the number of blasts each animal
receives. Many of the experimental features in the
ferret are similar to the pattern of astroglial scarring
seen in humans, making this animal model crucial
for continued study and to compare with human
pathology and potential treatments. Thus, this ferret
animal model represents an important opportunity to
explore potential treatments addressing the astroglial
scarring seen in human brain after blast injury.
This research was funded by DMRDP. The award
(W81XWH-13-2-0018) is managed by CDMRP.
Assessing the Neuroendocrine Changes Following
Head Injury
Scientific evidence suggests that neuroendocrine
dysfunction occurring with or resulting from a mTBI
is associated with poor health outcomes following
injury (Agha et al. 2004, Tanriverdi et al. 2006, West
and Sharp 2014). Researchers at NMRC (Silver Spring,
Maryland) hypothesized that abnormal pre-injury
neuroendocrine hormone levels and post-injury
neuroendocrine dysregulation would be associated
with poor health outcomes or an increased number
of post-concussive syndrome-related symptoms (e.g.,
headache, anxiety, insomnia, etc.). To study this
relationship, the researchers have obtained serum
from patients injured in a deployed setting and who
were seen by clinicians at the Concussion Restoration
Care Center in Afghanistan. Serum samples were
analyzed at both pre- and post-injury. To date, the
findings indicate that Service members who incurred
mTBI had significant long-term alterations in
neuroendocrine function following injury compared
to non-mTBI controls. Moreover, Service members
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with abnormal baseline neuroendocrine measures
and/or post-mTBI neuroendocrine dysfunction were
more often associated with reports of poor health
outcomes compared to Service members with normal
neuroendocrine function.

Quality of Life
Functional Status and QOL in Service Members
with Deployment-related Amputations
Extremity injuries comprised the largest proportion
of injuries in the most recent conflicts, and the most
serious of these are amputations. Service members
with amputations experience numerous challenges,
yet few studies have explored long-term functional
limitations associated with amputation or the impact
of functional status on QOL. Data from the WWRP,
a longitudinal examination of QOL among combatinjured Service members, was used by the NHRC to
help address this gap. Between June and December
2016, WWRP participants indicating they used a
lower limb prosthesis reported on their functional
status using the 20-item Orthotics and Prosthetics
Users™ Survey (OPUS). The present study examined
functional status and QOL among participants with
a deployment-related lower limb amputation (n = 81).
Functional status was indicated by summing OPUS
items, with lower scores representing lower levels
of impairment. Overall QOL and four unique QOL
attributes were computed using the Quality of WellBeing Scale Self-Administered (Eskridge, McCabe, et al.
2017; Figure 7-125).

FIGURE 7-125: Three least and most difficult activities as assessed
by OPUS. Figure legend. Over 70 percent of participants reported
everyday household activities as “easy,” while fewer than 20 percent of
participants reported high level activities as “easy.” (Figure used with
permission from the authors)

Of the 81 participants, 72 percent had a below
knee amputation, while 28 percent had an above
knee amputation. In addition, 84 percent had a
unilateral lower limb amputation, and 16 percent
had a bilateral lower limb amputation. Subjects
with a unilateral lower limb amputation had
significantly higher mean total OPUS scores
(higher representing better outcomes) compared
with bilateral lower limb amputation subjects (47.6
versus 37.8; p < 0.01) (Figures 7-126, 7-127, & 7-128).
Considering the lifelong challenges facing service
members with deployment-related amputations,
assessing functional status and QOL is a critical
first step toward optimizing care to improve
long-term outcomes.
This research was funded by EACE.

FIGURE 7-126: Significant difference in reported difficulty:
Unilateral/bilateral. Figure legend. Eight out of twenty survey
items were significantly different between unilateral and bilateral
amputations. Participants with unilateral amputations consistently
reporting these activities as “easy” compared to bilateral
amputations. *p < 0.05; **p < 0.01; Fisher exact test. (Figure used
with permission from the authors)

FIGURE 7-127: Significant difference in reported difficulty: Below
knee/above knee. Figure legend: Fewer differences in individual
activities between below and above knee amputation compared
with unilateral and bilateral amputations. *p < 0.05; **p < 0.01;
Fisher exact test. (Figure used with permission from the authors)

FIGURE 7-128: Correlation with total OPUS score and total QWB
and attributes. Figure legend. Significant correlation exists between
total OPUS scores and total QWB-SA score as well as the four
attributes, with moderate correlations with total QWB-SA scores,
physical activity, and usual activity attributes. * p < 0.05; **p < 0.01;
***p < 0.001 (Figure used with permission from the authors)

Military Deployment-related TBI QOL Item
Banks
In 2004, the NIH funded the development of
the Patient Reported Outcomes Measurement
Information System (PROMIS) to assess important
health-related changes in individuals’ healthrelated QOL (HRQOL). Likewise, the NINDS
supported the development of QOL in Neurological
Disorders (Neuro-QOL) measurement system
with a set of item banks for individuals with
neurological disorders. Researchers at the DVBIC
(Tampa, Florida) conducted a study to evaluate
the relevance and appropriateness of the generic
PROMIS/Neuro-QOL domains and sample items
to military deployment-related (MDR)-TBI and to
identify new HRQOL domains and items highly
relevant to MDR-TBI. Three focus groups were
held at four Department of Veterans Affairs (VA)
Polytrauma Rehabilitation Centers 1. VA Palo Alto
Health Care System (Palo Alto, CA) 2. James A
Haley Veterans Hospital (Tampa, FL) 3. VA Medical
Center, Minneapolis (Minneapolis MN) 4. Hunter
Holmes McGuire VA Medical Center (Richmond,
VA); two groups comprised veterans with MDR-TBI
(with mild versus moderate/severe injuries); one
comprised VA providers.
Coding of transcripts and a literature review
identified three HRQOL domains and subthemes
unique to individuals with MDR-TBI: PTSD
issues, military-related loss (MRL), and guilt.
The research team generated 147 potential items:
31 for PTSD, 66 for MRL, and 50 for guilt items.
CHAPTER 7: RESEARCH PROGRAM ACCOMPLISHMENTS
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The item banks were field-tested in a sample (n =
485) of veterans enrolled at the VA and diagnosed
with an MDR-TBI; confirmatory factor analysis
supplemented by bifactor modeling indicated that
these domains were relevant for individuals with
MDR-TBI.

The results of this study extend the current
TBI-QOL system by incorporating QOL concerns
targeted to Veterans with TBI. By capturing
unique aspects of MDR-TBI, it will provide more
holistic information to medical providers.
This research was funded by VA.

The researchers created three new item banks
representing unique domains of MDR-TBI health
outcomes: 15 new PTSD items (Table 7-16) plus 16
Spinal Cord Injury Quality of Life Measurement
System (SCI-QOL) legacy trauma items; 37 new
MRL items plus 18 Traumatic Brain Injury
Quality of Life Measurement System (TBI-QOL)
legacy grief/loss items; and 33 new guilt items.
Convergent and discriminant analyses results, as
well as known group comparisons, supported the
validity and clinical utility of these new item banks
and their short forms (Toyinbo et al. 2016).

Long-term QOL Outcomes in Injured Triservice U.S. Military Personnel: The WWRP
The long-term effects of blast-related injuries
and diagnoses are not well understood. To better
understand the consequences of these combat
injuries on Service members’ long-term health
and readiness, the NHRC (San Diego, California),
is longitudinally assessing clinical, rehabilitative,
and patient-reported outcomes, including QOL and
mental health symptoms, in injured U.S. Service
members. Enrollment for this project, named the
WWRP, is ongoing and each of the more than 52,000

TABLE 7-16: Response frequencies, mean standard deviation scores and correlations with total items for 15 PTSD (new) + 16 Trauma (legacy) items
and
9-item short
formContent
(bold and
Supplemental
Digital
1: italicized). (Table used with permission from the authors)
Response frequencies, mean (SD) scores and correlations with total items for 15 PTSD (new) + 16 Trauma (legacy) items and 9-item short form (bold and
italicized)
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0: Never

1: Rarely

2: Sometimes

3: Often

4: Always

Scores

Item ID

Percent endorsing response categories

Content typea

Cronbach’s coefficient alpha = 0.97

Mean

R

TT1

I had thoughts that were frightening

9.7

13.6

32.0

32.0

12.8

3.25

1.139

.775

H

TT2

I was watchful for anything bad that might happen

3.3

4.1

23.3

34.4

34.8

3.93

1.020

.685

H

TT3

I felt jumpy

4.7

11.5

28.2

34.0

21.4

3.56

1.092

.795

H

TT4

3.7

8.7

18.1

33.6

35.9

3.89

1.101

.669

R

TT5

6.4

8.7

28.2

29.3

27.4

3.63

1.158

.713

R

TT6

I felt stunned by everything that's happened to me

12.8

16.5

36.7

22.7

11.3

3.03

1.166

.753

R

TT7

I broke into a sweat when I thought about what happened

18.4

20.4

28.9

19.6

12.8

2.88

1.278

.776

R

TT8

I was afraid in open spaces

23.9

19.4

26.4

18.4

12.0

2.75

1.324

.748

R

TT9

I was afraid in crowds

12.2

9.9

22.1

27.8

28.0

3.50

1.320

.795

?

TT10

I thought about death

12.4

15.9

28.9

22.5

20.4

3.23

1.283

.635

R

TT11

I avoided things that reminded me of what happened

12.0

11.3

24.3

23.1

29.3

3.46

1.335

.711

A

TT12

I felt emotionally numb

8.0

9.3

26.0

29.7

27.0

3.58

1.206

.741

R

TT13

I was afraid to be left alone

30.7

23.9

21.4

14.0

9.9

2.48

1.320

.568

R

TT14

I felt trapped

18.8

17.1

31.3

21.0

11.8

2.90

1.263

.761

H

TT15

I felt that most people couldn’t be trusted

9.5

9.5

24.3

26.8

29.9

3.58

1.266

.720

A

TT16

I avoided making plans for the future

19.6

14.4

26.2

24.5

15.3

3.01

1.337

.675

R

PTSD1

I avoided public places

12.0

14.0

29.3

32.0

12.8

3.20

1.189

.775

R

PTSD2

I felt like I was re-living something again

14.0

19.8

38.4

20.8

7.0

2.87

1.110

.770

Item content

I felt on the lookout for anything harmful that could happen to
me
I was frightened by sudden noises
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Item-Total
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WWRP is a web-based
study including individuals
with injuries of all severity
levels.

Service members injured in Iraq and Afghanistan
beginning in October 2001 will be invited to
participate in the study.
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By assessing long-term QOL outcomes,
clinical treatments, rehabilitative
programs, and prosthetics/orthotics can
be optimized to improve long-term QOL
for injured Service members.

ARMY

ica

To date, over 5,200 injured Service members have
provided informed consent and enrolled in the
study and over 18,000 surveys have been completed.
Approximately 79 percent of respondents were
injured in a blast event (Woodruff, McCabe,
et al. 2017). In general, PTSD and depression

AIR FORCE

NATIONAL
GUARD/
RESERVES

81.1%

7

1.7%

24.4%

ys

WWRP includes longitudinal assessments of patientreported PTSD and depression symptoms and
health-related QOL (Woodruff, McCabe, et al. 2017).
Additionally, several cross-sectional assessments
have been deployed, allowing the research team
to examine social support, chronic pain, and
functioning ratings for orthotic and prosthetic
users (Watrous, McCabe, Sack, and Galarneau 2017).
Future follow-up surveys will include prosthetic and
orthotic use satisfaction, additional QOL measures,
and health behaviors. Measures are chosen with the
aim of examining the complex relationship between
physical and mental health and its impact on QOL.
This research allows for further understanding
of the long-term outcomes and needs for injured
Service members, many of whom were injured due
to blasts.

2.7%

ACTIVE DUTY

18.9%

nt

WWRP is a 15-year, longitudinal, prospective,
population-based survey study 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 surveys for those Service
members who cannot respond online. The project’s
public facing website can be viewed here: www.
wwrecoveryproject.org (Figure 7-129).

SERVICE MEMBERS HAVE BEEN
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GOAL

Identify factors that impact QOL
and areas of need following injury
to inform policy and focus
treatment and
rehabilitation resources
directly relevant to wounded
warriors.
Participants with amputations, head, and spinal
injuries, may be at especially high risk of poor
outcomes, suggesting that optimized treatments
are particularly important for these groups.

PUBLISHED FINDINGS
BLUF: Mental health challenges (PTSD and
depression) and relatively low QOL are:
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It is a 15-year longitudinal study of
patient-reported outcomes including the
mental, physical, social, and emotional
health and quality of life (QOL) of
service members wounded in the line of
duty.

common among wounded
warriors
present long after injury, even
among those with minor injuries

Findings highlight the need for early screening
and intervention during early stages of
rehabilitation following injury to identify and
minimize psychological consequences of combat
injuries, particularly for those with injuries to the
head and spine.

FIGURE 7-129: Wounded Warrior Recovery Project Infographic
(Figure used with permission from authors).

were prevalent and associated with lower QOL.
Participants with amputations and those with
injuries to the head and spine may be at high risk for
poorer outcomes (Watrous, McCabe, Sack, Woodruff,
et al. 2017, Woodruff, Galarneau, McCabe, et al. 2017,
Woodruff, Galarneau, Sack, et al. 2017). Results
highlight the need for optimizing screening and
intervention practices to minimize the impact of the
psychological consequences of combat injuries.
This study was funded by the Navy BUMED WII
Program and DoD/VA.

Transplants and Grafts
Biomarkers to Predict Rejection in
Vascularized Composite Allotransplantation
Vascularized composite allotransplantation (VCA)
offers restoration of tissue function and aesthetic
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appearance by substituting lost or severely
damaged tissues with a composite allograft when
bodily injuries are irreparable with conventional
reconstructive surgery. Despite the success of
VCA procedures, toxicities may result from lifelong
immunosuppression regimens and there is a high
frequency of acute rejection in VCA recipients.
These factors remain as major barriers to wider
implementation of VCA as a treatment option
for injured Service members. Novel biomarkers
to predict acute or ongoing allograft rejection
will allow for timelier clinical interventions and
minimized exposure to immunosuppression
medications.
Researchers at Brigham and Women’s Hospital
(Boston, MA) are characterizing potential clinical
biomarkers for identification of rejection in
VCA recipients. Gene expression profiling was
conducted on allograft biopsies collected from a
face transplant recipient during suspected antibodymediated rejection (ABMR) and T cell-mediated
rejection (TCMR) episodes and non-rejection time
points. Seventy-nine (79) genes were found to be
upregulated and one gene was downregulated
in rejection biopsies compared to non-rejection
biopsies. A principal component analysis identified

Molecular diagnostics may complement
existing clinical, serological, and
histological examinations for diagnosing
allograft rejection in individuals who have
undergone VCA.

31 genes that contributed most to the variability
between ABMR and TCMR episodes (Win et al.
2017; Figure 7-130). An upregulation of endothelialassociated genes including ICAM1, Vascular Cell
Adhesion Molecule 1, and E-selectin was observed
in biopsies collected during ABMR episodes,
whereas genes associated with cytotoxicity
including granzyme B were upregulated during
TCMR. No diagnostic criteria have been
established for ABMR in VCA to date, and it may be
important to develop molecular markers that can
distinguish ABMR and TCMR for improved clinical
management following transplant.
These findings offer new insights into the
mechanisms underlying VCA rejection and
prospective biomarkers that may be useful in
guiding the clinical care of VCA recipients.

FIGURE 7-130: Heat map showing the expression of 31 genes that contributed most to the variability between antibody-mediated rejection
(ABMR) and TCMR in a clinical face transplant. (Figure 6(B) from Toyinbo et al. (2016) used with permission from the authors)
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This study received funding from the Reconstructive
Transplant Research Program (RTRP), and is
strategically aligned with CRMRP. The award
(W81XWH-16-1-0647) is managed by CDMRP.
Biomimetic Microparticles Promote Survival of
Vascularized Composite Allografts
Surgical reconstruction by VCA offers lifeenhancing benefits for Service members who have
sustained devastating injuries, such as loss of the
hands, limbs, or face. Lifelong systemic exposure to
the potent immunosuppression medications used to
prevent rejection can produce deleterious side effects
which have hampered wider clinical acceptance of
VCA as a treatment option. Immunomodulation
strategies which target the allograft directly would
enable VCA survival while reducing the need for
systemic anti-rejection medication. Regulatory T
cells (Treg) support the homeostasis of the immune
system and their presence within transplanted
tissues can prevent the process of rejection.
Differentiation of naïve T cells to Treg is facilitated
by dendritic cells and cytokine signals including
interleukin 2 (IL-2) and transforming growth factor
beta (TGF-β). Immunosuppression medications
such as rapamycin expand the population of Treg by
similar mechanisms. Additionally, the secretion of
chemokines such as C-C Motif Chemokine Ligand 22

(CCL22) can locally attract endogenous Treg.
Researchers from the University of Pittsburgh
(Pittsburgh, Pennsylvania) and Wake Forest
Institute for Regenerative Medicine (WinstonSalem, North Carolina) have developed a biomimetic
microparticle system capable of delivering
key cytokines and immunosuppressive agents
(Expansion-MP) or chemokines (Recruitment-MP)
directly to the allograft (Figure 7-131). This study
will optimize the microsphere formulations
and examine whether Expansion-MP or
Recruitment-MP can prolong allograft survival
in a preclinical study of VCA. The efficacy
of Expansion-MP on allograft survival was
assessed in vivo using a rodent model of hind limb
transplantation. Expansion-MP containing various
combinations of IL-2, TGF-β, and rapamycin were
administered subcutaneously to the transplanted
limb peri- and post-operatively. In a parallel study,
rodents were administered Recruitment-MP
containing CCL22 with the same approach. Animals
were monitored daily by physical exam until the
emergence of Grade III rejection or allograft
survival beyond 150 days. Preliminary results
demonstrated that Expansion-MP containing a triple
cocktail of IL-2, TGF-β, and rapamycin, but not any
other iteration of these factors, effectively prolonged
the onset of rejection beyond 150 days in nearly all

FIGURE 7-131: Bioinspired Microspheres for Preventing Rejection in Vascularized Composite Allografts: Microsphere-based technologies
consist of cell-sized, safe, degradable constructs that possess the ability to locally enrich suppressor lymphocytes know as regulatory T cells
(Treg). (Figure used with permission from the authors)
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transplant recipients. Similar results were obtained
using Recruitment-MP containing the chemokine,
CCL22. Expansion-MP and Recruitment-MP did
not prolong allograft survival when injected into
the limb contralateral, thereby confirming the local
effects of these interventions.
The bioinspired microsphere technology is expected
to benefit wounded Service members by offering
an optimized immunomodulation approach with
lower risk of toxicity to enhance QOL and facilitate
positive outcomes of VCA.
This study was supported by RTRP, and is strategically
aligned with CRMRP. The award (W81XWH-15-10244) is managed by CDMRP.
Autologous Palmoplantar Dermal Cell Grafting
Converts Limb Stump Skin to Palmoplantar
Skin
Following an extremity amputation, the patient’s
leg or arm skin is surgically secured around the
stump. Unlike palmoplantar skin, the thicker,
hairless skin that covers the palms of hands and
the soles of feet, the skin covering the stump is not
designed to bear weight and is more susceptible
to friction-induced irritation and sweating. Thus,
prosthetic users experience issues of sweating and
skin breakdown that compromise their QOL. These
problems are especially difficult for lower limb
amputees.
Researchers at JHU (Baltimore, Maryland) have
developed a novel and intuitive approach where
autologous palmoplantar dermal cells are cultured
and grafted to create ectopic palmoplantar skin.
Fibroblasts from the dermal layer of palmoplantar
skin stimulate expression of keratin 9, a protein
responsible for the thickened epidermal layers in
palmoplantar skin. Culturing skin stem cells with
palmoplantar fibroblasts produces a population
of skin cells programmed to differentiate into
palmoplantar skin (Zhu, Li, et al. 2017; Figure 7-132).
Initial validation of safety and feasibility of this
concept was tested by injecting the cells into the
buttocks of human volunteers. As a control, some
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FIGURE 7-132: Overview of the project goal, to change non-volar
dorsal skin to volar palmoplantar ventral skin. Adapted from Rinn et
al. (2008) (Figure used with permission from the authors)

skin stem cells were also cultured with fibroblasts
from scalp skin, which is not expected to stimulate
skin thickening, and these were injected into the
volunteers’ buttocks. After six months, the patches
of injected cells were removed and examined.
Results from the first four volunteers demonstrated
formation of palmoplantar-type skin at the
experimental injection site, but not at the control
site. There was increased expression of keratin
9 and microscopic examination showed skin
architecture with palmoplantar features (Figure
7-133). Results demonstrate a positive conversion
of skin identity with multiple proteins and cellular
features of palmoplantar skin being induced in
healthy human subjects. These findings were
reported in the public media on WBAL TV11 (2017).

FIGURE 7-133: The most dramatic induction of Keratin 9 (green)
occurs after volar fibroblast injection (Figure 2 from Kim et al. (2016)
used with permission from the authors)

As physicians rather than as engineers, the
researchers did not focus on the prosthetic, but
on the patient. Their innovative approach aims
to strengthen the skin of the patient’s stump
by replacing it with palmoplantar skin through
use of the patient’s own skin stem cells. With
encouragement from the DoD, the researchers
are now planning a proposal for a multi-center
clinical trial to test the efficacy of this technology
to enhance the QOL in wounded Service member
amputees.

This study was funded by DMRDP and AFIRM
II, and is strategically aligned with CRMRP. The
award (AFIRM II Award W81XWH-14-2-0003) was
managed by CDMRP.
Augmentation of VCA Preservation Solution
with a Targeted Complement Inhibitor
Prolongs Graft Survival
Recipients of vascularized composite allografts
require aggressive and lifelong immunosuppression
to manage allograft rejection. The development
of strategies to minimize immunosuppression
exposure is pertinent for this procedure due to
the adverse effects that immunosuppression
can produce over time. Vascularized composite
allografts are procured entirely from brain dead
(BD) donors. In solid organ transplantation,
the onset of BD has been shown to promote
immunogenicity and poorer post-transplant
outcomes. The complement system participates in
the provision of a pro-inflammatory environment
and BD increases complement-mediated
mechanisms of graft injury, which can lead to a
heightened rejection response post-transplant.
Researchers from the Medical University of
South Carolina (Charleston, South Carolina)
are investigating the feasibility of pre-coating

vascularized composite allografts prior to
transplantation with a targeted complement
inhibitor, CR2-Crry. This work aims to determine
how donor complement affects acute allograft
injury and rejection using preclinical models
of donor BD, tissue preservation, and VCA.
BD was induced in donor mice and the animals
were maintained for three hours. Donor VCA
were perfused in-situ prior to harvest with
University of Wisconsin (UW) solution or UW
solution augmented with CR2-Crry followed by
storage at 4 degrees Celsius for two or six hours.
Allografts were analyzed for acute inflammation,
ischemia reperfusion injury, and survival
following transplantation to recipient mice.
Results demonstrated that vascularized composite
allografts perfused in-situ with CR2-Crry
augmented UW solution were significantly
protected from skin and muscle ischemiareperfusion injury, complement deposition, and
infiltration of neutrophils and macrophages,
as compared to allografts perfused with UW
solution alone. Donor perfusion with CR2-Crry
augmented UW solution followed by two or six
hours of cold storage was also associated with a
significant increase in allograft survival compared
to perfusion with UW solution alone (Figure 7-134).
These findings indicate that in-situ perfusion of a

FIGURE 7-134: Perfusion of vascularized composite allografts in-situ in the BD donor with UW solution augmented with the site targeted C3
complement inhibitor, CR2-Crry, reduces C3 deposition in the muscle of vascularized composite allograft following 6 hours of cold storage.
(Figure used with permission from the authors)
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site specific complement inhibitor prior to donor
allograft harvest significantly ameliorates ischemia
reperfusion injury, decreases alloimmune priming,
and allows for prolonged vascularized composite
allograft survival (Zhu, Bailey, et al. 2017).
In conclusion, reducing graft injury during tissue
preservation is a promising approach to improving
post-transplantation outcomes, while extending
graft storage may facilitate the availability of
VCA procedures to Service members over wider
geographical distances.
This study was funded by RTRP, and is strategically
aligned with CRMRP. The award (W81XWH-160783) was managed by CDMRP.

a sutureless approach, whereby light energy
bonds a biocompatible nerve wrap containing a
photoactive agent over the nerve/graft junction.
This watertight seal prevents axonal escape and
leak of growth factors important for stimulation
of nerve regeneration, contributing to an optimal
regenerative environment.
Initial studies compared various nerve wrap
materials and fixation methods in a rodent model
of sciatic nerve gap repair using autologous
graft (Fairbairn et al. 2015, Fairbairn, Ng-Glazier,
Meppelink, Randolph, Winograd, et al. 2016; Figure
7-135). Significant improvement in metrics such
as histomorphometry, muscle mass retention and

Development of a Rapid, Light-activated
Peripheral Nerve Repair Technology
Large gap (greater than three centimeters)
peripheral nerve injury often accompanies
extensive multi-trauma to injured Service
members. Standard-of-care microsurgical
attachment of interpositional autograft may not
be available for these patients due to extensive
trauma and/or amputation. Thus, there is a real
need for alternative procedures that could improve
functional recovery in wounded Service members.
Alternatives to autologous graft, including
processed allograft from cadaver tissue, are not
usually indicated for nerve gaps greater than three
centimeters. Nerve regeneration can be inhibited
by suture attachment through needle trauma,
foreign body response, inflammation, scarring
and infection. Researchers at Massachusetts
General Hospital (Boston, Massachusetts), and
WRNMMC (Bethesda, Maryland) developed

Comparable functional recovery in large
deficit peripheral nerve repair can now be
achieved using allograft that are similar
to SOC autograft, for military patients
that lack donor autograft material due to
concomitant trauma.
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FIGURE 7-135: Schematic of experimental swine model of large
gap ulnar nerve deficit injury in swine, comparing repair and
regeneration from SOC autologous graft (right column) versus
photosealed processed allograft (left column) (Figure used with
permission from the authors)

Photo credit: Staff Sgt. Brian Ferguson/ U.S. Air Force

gait analysis were observed in the group that was
repaired using the photosealing technology with
a crosslinked human amniotic membrane-derived
wrap. This membrane is thin, strong and has
immune-privileged status due to its origin and does
not provoke foreign body response or inflammation
that would inhibit nerve regeneration. A further
rodent study using this technology to seal
processed rat allograft, rather than autograft,
across the nerve gap led to outcomes that were not
statistically different from SOC autograft attached
by microsurgery and improved with respect to
microsurgical attachment of allograft (Fairbairn,
Ng-Glazier, Meppelink, Randolph, Valerio, et al. 2016).
The final phase was the investigation of nerve
regeneration in a large animal (swine) bilateral
forelimb model following large deficit (five
centimeter) ulnar nerve injury where one forelimb
was repaired by SOC microsurgical placement
of autograft (greater saphenous) and the other
limb was repaired using commercial Avance
(AxoGen Inc.), a processed allograft, sealed in place

using light-activated nerve wraps of crosslinked
amnion (Goldstein et al. 2017). Histological
studies of harvested nerve at 150 days showed
axonal regeneration distal to graft in both groups.
Electrophysiological measurements exhibited
identical compound muscle action potential
amplitude and signal latency in both cases and a
significant improvement in direct nerve conduction
velocity was observed in the photosealed allograft.
Overall, this project demonstrated that allograft
may be effective for repair of large nerve gap injury
when attached using photoactive wraps rather than
sutures. The technology was featured in the Netflix
Original Series, “The White Rabbit Project” (Series
1, Episode 8), showing the light-activated repair
technology as an example of a science fiction idea
that has become a reality. This has considerable
potential impact, particularly for wounded Service
members where concomitant trauma, including
amputation, limits the availability of suitable donor
autograft.
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This study was funded by PRORP, and is strategically
aligned with CCCRP. The awards (W81XWH-12-10511, W81XWH-12-1-0512, and W81XWH-12-1-0513)
were managed by CDMRP.
Tolerization of Vascularized Composite
Allografts with Adipose Stromal Vascular
Fraction Cells
Researchers at the Jewish Hospital and St.
Mary’s Healthcare and the Christine M Kleinert
Institute and University of Louisville, in the
Louisville Vascularized Composite Allografts
Program (Louisville, Kentucky), are conducting
a clinical trial to explore the potential for a
cell-based therapy to help control the immune
system’s response to a hand transplant. The goal
of this study is to lessen or eliminate the need for
immune-suppressant drugs. The stromal vascular
fraction (SVF) of fat tissue removed from the
patient by liposuction is a source of stem cells and
white blood cells that have been shown to promote
healing and reduce immune activation. Patients
are offered the option to receive SVF as part of
their immune regulation regimen. Treatment
with SVF cells is being tested in conjunction with
a standard immunosuppressive drug regimen
in both previously transplanted patients who
experience a rejection episode, as well as in
new transplant recipients who will receive SVF
concurrently with their hand transplant. To date,
one patient from each category has been treated,
both with promising results.
One patient was enrolled after experiencing a
rejection episode that involved swelling and a
rash 15-years post-transplant. His own fat tissue
was harvested and processed to extract the SVF,
and those cells were injected into the graft within
hours. The rash and swelling improved within
24 hours, and the patient avoided the need for an
increased immune suppressing drug regimen. The
second patient (HTx-10) received SVF cells at the
same time she received a double hand transplant.
Remarkably, at more than one-year posttransplant, this patient remains rejection-free,
even though rejection episodes in hand transplant
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patients are common occurrences by three months
post-transplant (Jones et al. 2017, Stivers et al.
2017; Figure 7-136). Both patients are on standard
immunosuppression drugs, but the bilateral hand
recipient has maintained her rejection free status
on lower than normal tacrolimus trough levels

FIGURE 7-136: Bilateral Hand Recipient HTx-10 and photo of
hands at 15 months post-transplant (Figure used with permission
from the authors)

of 3-4 ng/ML. This data suggests that perhaps
someday these drugs can be routinely reduced
or eliminated altogether after Composite Tissue
Allograft.
This project explores the potential for a
safe, easily available cell-based therapy
to modulate the immune response posttransplant and eliminate the need for lifelong
immunosuppression.
This study was funded by AFIRM-II and
strategically aligned with CRMRP. The award
(W81XWH-13-2-0053) is managed by CDMRP.
A Nerve Cuff Delivery System Enables
Rapid Recovery of Limited Function after
Peripheral Nerve Injury
Peripheral nerve injuries are common and often
devastating as they frequently lead to poor
recovery of sensory and motor function in the
affected extremity. Extremity amputations
resulting from blast injuries or otherwise, are
one of the most debilitating combat injuries
for our active military personnel, and one of
the key factors for upper and lower extremity
amputations is concomitant nerve injury.
Additionally, chronic pain syndromes are
associated with neuromas resulting from
unrepaired or ineffectively repaired nerve
injuries.
In animal studies, PEG improves the healing
of nerve injury sites by immediate fusion of the
cut nerve ends while methylene blue lessens
the spread of oxidative injury (Bamba et al. 2017,
Bamba et al. 2016, Riley et al. 2017; Figure 7-137).
The optimal treatment is a single dose that is
easily applied during the surgical repair.
Researchers at Vanderbilt Medical Center
(Nashville, Tennessee) and AxoGen, Inc.,
(Alachua, Florida), conducted a study to develop
a prototype nerve cuff delivery system that
will both bring the cut nerve ends together and
allow for the fusion solutions to be applied. This

FIGURE 7-137: Examples of Prototype and PEG-fusion tractography.
The top left image demonstrates the cut nerve endings with the
device sutured into position. Two sutures are placed on each nerve
that are 180 degrees apart. The nerve is then drawn into the tube,
with PEG applied, to the ends touch and secured. The diameter and
circumferential fit can be adjusted with a pre-placed “cinch” suture
(bottom left image). The right panels show magnetic resonance
tractography immediately after treatment with or without PEG using
an earlier prototype. The tracts indicate axonal continuity after
fusion by the treatment, thereby resulting in partial but immediate
recovery of function in the nerve. (Figure from Riley et al. (2017) used
with permission from the authors).
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strategy has been shown to rapidly restore nerve
function in rodents, even when the nerves are
completely cut or when segments have been cut
away.
In conclusion, the nerve cuff delivery system
enables peripheral nerve repair with a PEG-based
method. It will allow rapid recovery of some
function and increases the ultimate recovery by
preventing target tissue atrophy.
This study was funded by PRORP, and is strategically
aligned with CCCRP. The award (W81XWH-13-10447) was managed by CDMRP.
Safety and Tolerability of an Off-the-Shelf
Autologous Adipose Tissue Biomaterial
Delivered Subcutaneously in Healthy
Volunteers
Although today’s Service members utilize the
strongest and most advanced body armor, there
continue to be challenges in preventing severe
facial injuries. Researchers at JHU (Baltimore,
Maryland) and Aegeria Soft Tissue (Baltimore,
Maryland) designed an off-the-shelf adiposederived biomaterial for simple injection into tissue
defects with physical properties to retain volume
and biological properties to induce cell migration
into the implant and stimulate new tissue formation
(Figure 7-138). The material was developed in close
collaboration with surgeons/end users to define
design parameters and evaluated using methods
of biomaterial analysis, cellular compatibility, and
preclinical animal testing. Regulatory milestones
include Request for Designation and Investigational
New Drug Application submissions to the FDA,
and responses to FDA feedback regarding trial

Results of the clinical testing validated
safety and Phase 2 studies are now
exploring efficacy of a new technology
for soft tissue reconstruction of warrior
injuries that may occur in all regions of the
body.
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FIGURE 7-138: GMP-produced biomaterial implant and cell
infiltration into the implant after 18 weeks implantation in a healthy
human volunteer. (Figure used with permission from the authors)

design and development of additional batch testing
methods for manufacturing quality control.
Clinical grade manufacturing and sterilization has
been completed.
Researchers have completed a Phase 1 safety trial
of the injectable soft tissue regeneration technology
for repair of injuries in the craniofacial region
(Anderson et al. 2017, Anderson et al. 2016). This
first in human study confirmed clinical safety of
the material and injection procedure in healthy
volunteers. A Phase 2 trial is currently being
initiated to evaluate efficacy in volumetric tissue
reconstruction in a dose escalation study.
This work was funded by CRMRP and TATRC.
The AFIRM II award (W81XWH-14-2-0004) was
managed by CDMRP.
Nerve Regeneration May Be Enhanced
by Implantation of Decellularized Nerve
Allografts and Neurotrophic Factors
Traumatic injury to peripheral nerves is a frequent
and important cause of long-term disability after
battlefield injuries. This is particularly evident
in long segment nerve injuries where autologous
nerve transplants are not possible. Researchers
at the University of Pittsburgh (Pittsburgh,
Pennsylvania), Axogen, Inc. (Alachua, Florida) and
MedGenesis Therapeutix, Inc. (Victoria, British
Columbia, Canada), have advanced research in
the development of nerve conduits with drug
delivery systems, which are now being evaluated in
non-human primates with five to seven centimeter
median nerve injuries. Research has consisted
of assessing a novel polymer nerve guide with
an internal glial cell line-derived neurotrophic

factor releasing mechanism to help encourage
peripheral nerve regeneration (Figure 7-139).
Researchers have implanted this conduit into
a five-centimeter non-human primate median
nerve defect. Preliminary results in this
model suggest that this conduit is capable of
enhancing hand functional recovery, as well as
reinnervation of the target muscle, the abductor
pollicis brevis muscle (Marra 2016, 2017a, 2017b).

FIGURE 7-139: Nerve Guide for Promoting Peripheral Nerve
Regeneration (Figure used with permission from the authors)

These results will need to be confirmed in larger
samples before any definitive conclusions can be
drawn. However, if future results are consistent,
these findings could have enormous clinical
utility, potentially enhancing the regenerative
potential of many clinically available conduits.
By enhancing nerve regeneration, researchers
hope that deficits resulting from nerve injuries
can lead to better functional and sensory
outcomes for a number of different patients
experiencing these injuries. The project is near
completion, and the data show that successful
reinnervation of these injuries has been
achieved with improved functional recoveries.
The researchers have translated earlier rodent
data into commercial partnerships to develop
and manufacture advanced drug eluting nerve
conduits for pre-clinical and clinical studies.
This study was funded by AFIRM-II, and is
strategically aligned with CRMRP. The award
(W81XWH-14-2-0003) is managed by CDMRP.

Vision Rehabilitation
Treatment, Mitigation, and Recovery of
Visual Function in Blast-related TBI
Photophobia (e.g., abnormal light sensitivity,
photalgia) symptoms include eye pain at
light levels easily tolerated by others. In TBI
populations, photophobia is commonly associated
with headaches, difficulties in concentration,
and diminished cognitive function. In fact, over
60 percent of Service members and Veterans
with blast-related TBI suffer from excessive light
sensitivity that can seriously interfere with their
daily and professional lives, and may persist for
years (Capo-Aponte et al. 2012, Gentleman et al.
2004). Researchers at the Smith-Kettlewell Eye
Research Institute (San Francisco, California)
conducted a study to investigate two proposed
mechanisms of TBI-related photophobia:
1.

2.

That a primary mechanism of photophobia
is disruption of retinal function at high light
levels
That TBI-induced edema in the brainstem can
be a causal mechanism of photophobia

To assess the respective contributions of these
mechanisms of photophobia in mTBI, and
to provide biomarkers for such mechanisms,
the project involved a polymodal suite of five
non- invasive methodologies: behavioral pain
assessment (nociphysics), electroretinogram
(ERG), high-density EEG, fMRI, and tensorbased morphometric MRI. Analysis of the
results in the past year has shown support for
both hypothesized mechanisms of mTBI-related
photophobia.
In relation to the retinal etiology hypothesis, the
ERG measures across the wavelength spectrum
showed a striking difference between the fullintensity ERGs for the non- photophobic TBI
group, which were close to normal photopic
ERGs, and those for the photophobic TBI group,
in which the ERG revealed a dramatic switch
from cone- to rod- mediated function (Tyler and
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Photo credit: Spc. Eric Cabral/ U.S. Army

Likova 2017b, 2017a, Tyler and Likova 2017c; Figure
7-140). This switch supports an unprecedented
explanation: that the light-induced pain at high
light levels originates from the unsuppressed firing
of the 100 million rod photoreceptors in the retina.
The discovery of a retinal mechanism for chronic
photophobia, which affects about half of the millions
of TBI sufferers, gives this condition a scientific and
medical respectability to bring it out of the shadows
of an untreatable symptomatic and apparently
psychogenic condition to a quantifiable syndrome
with a well-defined non-invasive biomarker. This
explicit etiology can guide specific physiological and
genetic-engineering-based therapeutic approaches
to correcting the debilitating condition.
The second hypothesis, that brainstem edema
measured by tensor-based morphometry could
provide a biomarker for the role of the trigeminal
system in mediating the light induced pain, was
also successful (Likova and Tyler 2017). In the nonphotophobic group, the predominant effect was a
swelling at pontine/medulla junction, in the region
of the vestibular nuclei. In the mild photophobia
226
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Service members are susceptible to
both blast and non-blast concussive
injuries, which often result in intractable
photophobia. The present results provide
the basis for non-invasive biomarkers
for both the retinal and the deep brain
mechanism of such photophobia.

groups, on the other hand, there was shrinkage in
the general location of the trigeminal complex
(Figure 7-141).
The project was successful in supporting both
hypotheses of the roles of separate parts of the
extended visual pathway assessed by appropriate
non-invasive methodologies, in the painful light
sensitivity that persists in many cases of blast-related
TBI.
This study was funded by PH/TBIRP, and is
strategically aligned to CRMRP. The award
(W81XWH-14-1-0416) was managed by CDMRP.

FIGURE 7-140: Group ERG analysis of the differential retinal responses in TBI and photophobia. Figure legend: Average ERG for
control (A) and non (B), mild (C), and severe (D) photophobia groups for red, green, blue and white color fields (red, green, blue and
black traces), scaled in terms of scotopic retinal illuminance. Dotted lines are ± 1 standard error of the mean ranges. The dashed
red line tracks the location of the cone b-wave peak as a function of illuminance, while the dashed black line tracks time of the rod
b-wave. Note that brain trauma without photophobia (Non-Ph mTBI) substantially alters the ERG waveforms at the highest intensities
(B), losing the photophobic negative response following the positive peak (in A), but with little change in the peak times, whereas
mild photophobia (mild-Ph mTBI) shows a marked slowing of the peak response (C), despite the illuminances remaining in a range
overlapping with the controls. The severe photophobia (severe-Ph mTBI) group (D) shows further slowing attributable to the low
illuminances, as the peaks align with the rod function predicted from the mild photophobia group. (Figure used with permission from
the authors)

FIGURE 7-141: Quantitative TBM analysis of the human brainstem. Figure legend. Values of the average deviation for each of three
mTBI groups for each of the two masked regions specified by the icons above the bar graphs. Non-Ph mTBI: yellow; mild- Ph mTBI:
blue; severe-Ph mTBI: purple. Error bars represent one standard error of the means. Asterisks: significance at p < 0.05 after Benjamin/
Hochberg correction for multiple tests at a false discovery rate of 0.05. (Figure used with permission from the authors)
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1.

mTBI-associated visual dysfunctions are
often subtle and difficult to detect, often
persist despite treatment, and interfere with
rehabilitation and reintegration (Capo-Aponte
et al. 2017).

2.

Optical correction of refractive error,
especially at near distances, improves reading
performance in patients with TBI-related
visual dysfunctions (Johansson et al. 2017).

3.

Prism spectacles are effective in symptomatic
relief of vertical eye misalignment
(heterophoria) (Rosner et al. 2016).

4.

Vision therapy is effective for convergence
and accommodative dysfunctions. Visual
scanning exercises also benefit these and
other patients with other forms of binocular
dysfunction. Compliance is a limiting factor
in the success of these patients (Berger et al.
2016, Conrad, Mitchell, and Kulp 2017, Gallaway,
Scheiman, and Mitchell 2017, Thiagarajan and
Ciuffreda 2013, 2014, Thiagarajan et al. 2014).

5.

Visual search training supports visual
environment awareness and tasks such as
reading; but improvements are task-specific
and may not generalize (Schmitter-Edgecombe
and Robertson 2015).

6.

Use of specialized field expanding prisms and
training in the use of compensatory scanning
techniques can provide adaptive improvement
for patients with hemianopic field of vision
loss (de Haan et al. 2015, O’Neill et al. 2011,
Schuett et al. 2012).

7.

Chromatically tinted spectacles relieve
symptoms of light and glare sensitivity. Lens
hues are patient specific (Clark et al. 2017).

Photo credit: Spc. Eric Cabral/ U.S. Army

Vision Rehabilitation Following TBI: TBI
Consensus Statement Project 2017
A TBI Consensus Statement Project was initiated
December 2016 by the DHA with the goal of
reviewing the current state of TBI clinical care
and identifying the gaps in critical areas of
TBI diagnosis, treatment, and rehabilitation.
The VCE assembled a panel of SMEs across
several specialties and organizations with
expertise in visual rehabilitation. Based on the
current clinical literature and expertise, the
panel members reached a consensus on vision
rehabilitation treatments for TBI-related visual
dysfunctions, including blast-related visual
dysfunctions, with the best outcomes (Visual
Rehabilitation Working Group 2017). The seven
consensus statements are:
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Expert recommendations on the clinical
management of TBI-related visual dysfunctions
are available from the DoD/VA VCE website at
https://vce.health.mil/.

Photo credit: Senior Airman Rylan K. Albright/ U.S. Air Force

Conclusion
It is an honor for the PCO to share so many
accomplishments from across the blast
injury research community in FY17. The
breadth of research topics and outcomes
is truly astounding, and it 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,
as well as 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. The PCO 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
FY17 accomplishments, the PCO 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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his report to the EA covers key
accomplishments of the blast injury
research community and the PCO in
FY17. In FY18 and beyond, the Blast
Injury Research Program will continue to
pursue strategies for blast injury prevention,
mitigation, and treatment. This chapter covers
continuing initiatives that will further research
and development objectives; foster collaboration
and information sharing between research
communities; disseminate critical information;
and shape future research priorities to fill
knowledge gaps across the entire spectrum of
blast injury.

Ongoing PCO Initiatives in FY18
DoD Blast Injury Research
Coordinating Board
The PCO will continue establishing a standing
DoD Blast Injury Research Coordinating Board
with representatives from all DoD stakeholder
organizations to foster collaboration and
communication among stakeholders, providing
strategic direction and oversight for all medical
research efforts required to meet the objectives
of the DoDD6025.21E. It is anticipated that
the Coordinating Board will provide a forum
for cross service coordination; and will act as
a vehicle for wide dissemination of research
knowledge related to blast injury across the
various medical, operational, testing and
evaluation, and materiel communities within
the DoD. The specific objectives include:
•
•

•

Advise EA on requirements, research gaps,
and future research investment
Assure consideration of blast injury-related
operational needs and capability gaps of all
stakeholders
Facilitate development of a coordinated
research agenda in which research efforts
sponsored and conducted by all DoD
Components are aligned to stakeholder
priorities

Photo credit (opposite page): SrA Brett Clashman/ U.S. Air Force

•

Recommend initiatives and programs
which inform the DoD resource allocation
and decision support processes of all
stakeholders and DoD Components

DoD Working Group on Computational
Modeling of Human Lethality, Injury, and
Impairment from Blast-related Threats
The PCO has established the DoD Working
Group on Computational Modeling of Human
Lethality, Injury, and Impairment from Blastrelated Threats to encourage collaboration and
facilitate cooperative RDT&E efforts across
the DoD related to computational human
body and blast injury models. It is expected
that this Working Group will help to coalesce
fragmented and disparate human body modeling
and simulation programs and projects to create
a coordinated and cohesive DoD effort that
will enable a new capability for modeling
and simulation of human lethality, injury, and
impairment from the entire spectrum of blast
threat environments. The Working Group
will include representatives from stakeholder
organizations across the DoD. The specific
Working Group goals include:
1.

2.

3.

Enable the desired DoD capability to
accurately model and simulate human
lethality, injury, and impairment in all blast
threat environments
Promote coordination, collaboration, and
data sharing about current and planned
computational modeling research programs
focused on human responses to blast-related
threats, promoting the common goal of
creating a comprehensive capability for
modeling the response of the human body to
these threats
Develop a strategic plan incorporating
existing and planned models, which will
be used to enable a capability to accurately
model and simulate human lethality,
injury, and impairment in all blast threat
environments

CH A P TER 8: WAY FORWA RD

231

4.

5.

Critically assess the current state of the art
in human body modeling and recommend
new efforts to close identified human body
modeling capability gaps through ongoing
and future projects
Recommend standards for V&V, biofidelity,
model output (i.e., predictions that can be
used by developers to improve protective
equipment), model modularity (i.e.,
ability to share and reuse computational
subroutines to decrease development time),
computing language, source data, and
model maintenance post-development

Japan-U.S. Technical Information
Exchange Forum on Blast Injury
The PCO continues to collaborate with the
National Defense Medical College Japan
(NDMC), an organization of the Ministry of
Defense, Japan, to host the annual information
exchange forum. The second Japan-U.S.
Technical Information Exchange (JUFBI)
Forum was held in April 2018. The PCO
co-organized this meeting with the NDMC,
and RDECOM International Technology
Center-Pacific. The Forum presentations
covered a wide range of blast injury issues;
including TBI, auditory injury, wound
infections, and genitourinary injuries.
Based on the successful completion of the
previous two JUFBI Forums, the PCO in
collaboration with the NDMC, the Tokyo
University of Agriculture and Technology,
USAMRMC, and RDECOM, is planning the
third JUFBI Forum which will be hosted by
the NDMC in Tokyo, Japan, in May 2018. The
purpose of the Forum is to bring together the
broad knowledge and expertise across the blast
injury research community within the U.S. and
Japan, and to share national experiences and
evidence-based approaches for treating blast
injuries.
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U.S.-India Medical Strategic Initiatives
Working Group
The PCO continues to provide EA oversight
for the U.S.–India Medical Strategic Initiatives
Working Group within the ASBREM COI.
This Working Group was established by
the Chair of the ASBREM COI to provide
guidance, encourage collaboration, and
facilitate cooperative medical RDT&E projects
between the U.S. and India. The collaborative
efforts are conducted under the umbrella of
the Memorandum of Agreement between the
U.S. DoD and the Ministry of Defence of the
Republic of India for RDT&E Projects. This
Working Group represents the combined
medical RDT&E interests of the India-U.S.
Joint Technology Group with the goal of
promoting partnership and coordination
between the U.S. DoD and India’s Ministry
of Defense. The Medical Strategic Working
Group in coordination with DTRA, the Office
of the ASD(R&E), and DRDO, Indian Ministry
of Defence, organized joint U.S.–India medical
and chemical/biological workshops held at
INMAS in New Delhi, India, on 31 January
through 2 February 2017. The purpose of the
workshops was to provide a forum for the
exchange of ideas and to identify potential
areas of strategic collaboration between U.S.
and Indian scientists and researchers.

U.S.-India Collaboration on Experimental
and Computational Studies of Blast and
Blunt TBI
Under the U.S.-India DTTI, the PCO continues
to participate in this collaboration led by
USAMRMC and INMAS-DRDO. Other
participants include BHSAI, NJIT, NRL,
WRAIR, DIPR, and ITBRL. The specific
objectives of the project include:
•

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/blunt injuries from clinical
and experimental data
Compare the blunt and blast data to develop a
scaling ratio.

The outcome of this effort will support the
rapid design, prototyping, and testing of novel
protective and therapeutic concepts that will lead
to faster introduction of enhanced protective and
treatment strategies.

Preservation and Dissemination of DoD
Historical Blast Bioeffects Injury Data
In support of the EA’s responsibility to promote
information sharing and dissemination, the PCO
continues to support an effort to recover and
disseminate historical blast bioeffects research
data collected at the Albuquerque Blast Test Site
on Kirtland AFB, New Mexico, over a period of
nearly five decades, from 1951 to 1998. These
data were generated from a range of experiments
involving more than 12,000 animal subjects,
representing 13 species, and a wide spectrum
of blast conditions including explosions in
the open field, in enclosures, and underwater.
Additionally, experiments were done using a
variety of blast and shock tubes. Knowledge
gained from these data can be used to improve
Service member protection, survivability, and
warfighting capabilities. The goal of this project
is to make the data available to DoD PMs, DoD,
and DoD-sponsored researchers, and medical
decision makers engaged in understanding
blast-induced injuries and developing protection
technologies.

NATO HFM-270 (RTG)—Framework
for Modeling and Simulation of Human
Lethality, Injury, and Impairment from
Blast-related Threats
The HFM-270 (RTG) activities will continue in
FY18 with three in person meetings planned

for November (Delft, The Netherlands), March
(Koblenz, Federated Republic of Germany),
and July (Medicine Hat, Alberta, Canada). The
HFM-270 (RTG) technical team will continue to
assess existing computational models and their
suitability for inclusion in the computational
modeling framework (detail in Chapter 3); review
publications identified for the systematic review
focused on all computational models related to
blast and include both medical and non-medical
literature from 1980 to September 2017; develop
a Technical Activity Proposal (TAP) for a follow
on RTG to develop standardization and validation
criteria and approaches for the framework; and
plan the content of the final report, including the
framework, gaps, and recommendations. The
final outcome of this effort is the computational
modeling framework that can be used for
translating scientific information into the
capability to model the mechanisms of human
lethality, injury, and impairment across the
spectrum of blast-related threats.

BIPSR Process
In the coming year, the PCO plans to formally
disseminate recommendations from the BIPSR
Process for the Spine and Back, Upper Extremity,
and Lower Extremity Blast Injury Types. 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. The PCO plans to
continue execution of the BIPSR Process for the
Dermal Burns Blast Injury Type. In continuation
of efforts to enhance BIPSR Process capabilities,
the PCO continues to prove out the iBIPSR
capability using the Auditory Blast Injury Type
as exemplar. The PCO provided initial iBIPSR
site access to the Auditory Focused Stakeholders,
with their feedback driving improvements as
they engaged with the site. The Auditory SME
Panel has been convened, and it is expected
that the Panelists will collaborate on iBIPSR,
as well as provide feedback on its features.
The PCO anticipates moving forward with the
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iBIPSR capability on future BIPSR Process
evaluations, and plans to expand access to
relevant stakeholder communities in the
coming months. In addition, the PCO plans
to finalize the updated priority rank order
of the remaining MHS BIPSR Process Blast
Injury Types. Lessons learned from each MHS
BIPSR Process Blast Injury Type evaluation
will be applied to refine and enhance the
BIPSR Process. Ultimately, the knowledge
gaps discovered and the recommendations
developed through the BIPSR Process will
enable the DoD to apply MHS Blast Injury
Prevention Standards that support weapon
system, combat platform occupant survivability
assessments, and protection system
development and performance testing.

Brain Health Research Program
In FY18, the Coordinator will continue
to focus on relationships and effective
communication within DoD, and across federal
agencies, academic institutions, and industry
organizations to facilitate novel neurotrauma/
neurodegeneration research efforts (see detail
in Chapter 5). In addition, the Coordinator will
continue to support an effort, led by the RAND
Corporation, to develop a clear assessment
of blast-related research to determine the
strengths and gaps that can be used to inform
evaluation of ongoing and future brain health
research efforts.

Ongoing Activities Across the
DoD Blast Injury Research Program
The prevention, mitigation, and treatment of
blast injuries cannot be addressed without the
cooperative RDT&E efforts of organizations
across the DoD, other federal agencies,
academia, industry, and international partners.
The following are examples of initiatives that
will continue to address the challenges of blast
injuries in FY18 and beyond.

Weapons Effects Testing Rim of the
Pacific Exercise 2018
The U.S. Navy has identified knowledge gaps
regarding quantification of how real-world
weapon attacks effect loading environment,
such as changes in temperature and pressure
gradient, and crew casualties. These
gaps impede accurate assessment of crew
injury. Current use of the software code
lacks specificity and simply promulgates
constant weapon effects irrespective of the
environment.
The NHRC, along with the NSWC (Dahlgren,
Maryland), will collect data on the weapon
effects loading environment experienced
by a ship’s crew under real-world attack by
an above-water weapon. These data will be
collected during live firing events occurring
as part of the Rim of the Pacific (RIMPAC)
2018 Fleet Exercise. This will permit data
collection using Rescue-Randy-like mannequin
response during a dynamic weapon-generated
loading environment. This information will be
collected using wireless network technology
and will improve the U.S. Navy’s ability to
collect data in the context of at-sea explosive
testing. Ultimately these data will improve the
U.S. Navy’s capability to predict crew injury.
Further, this exercise and data collection effort
will enhance the U.S. Navy’s understanding of
blast and fragment phenomena in the context of
attack by an above-water weapon and provide
insight into resulting injury patterns. NHRC
and NSWC will collect dynamic pressure/
acceleration data on structural and mannequin
response during live missile or bomb attack on
a decommissioned ship during RIMPAC 2018.
This research will begin to fill gaps in the U.S.
Navy’s knowledge about crew casualties, injury
patterns, and injury severity resulting from the
effects of attacks using blast weaponry against
ships, ultimately improving medical responses
and saving lives.
This effort is funded by ONR.
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Development of Occupational Exposure
Limits Governing Exposure to Multiple
Blast Events
There are no set guidelines describing
limits of blast exposures, either number or
intensity, for military personnel in combat
or training operations. Most blast exposures
yield mild concussions or subconcussive
disruptions which are difficult to diagnose,
are inconsistently and somewhat broadly
defined, and are often indistinguishable
from the symptoms of PTSD (reviewed in
Elder, 2015; Gandy et al., 2014). Consequently,
it is estimated that 80 percent of the TBIs
occurring among U.S. troops deployed in
Iraq or Afghanistan between January 2003
and October 2006 were undocumented
(Chase & Nevin, 2015). The persistence of
injury symptoms in some blast casualties
diagnosed with mTBI (e.g., PCS) and the
emergence of evidence linking multiple mTBIs
to progressive, long-term debilitation, and
neurodegeneration has prompted concern
over the cumulative deleterious effects of
blast exposures on the brain and interest in
strategies to mitigate this risk.
As part of a multi-pronged effort, researchers
at the WRAIR and the NMRC are using a
rodent model to address fundamental gaps in
knowledge regarding the cumulative effects
of blast exposure on the CNS by exploring
the impact of multiple blast exposures of
varied number, frequency, and intensity on
short-, intermediate-, and long-term sequelae.
Using a combination of neurobehavioral,
neurobiological, and histopathological
assessments in a well-characterized
experimental rodent model of blast injury, the
cumulative disruptive effects of one-30 daily
blast exposures of mild severity are being
evaluated to identify scaled injury thresholds
and neurobiological underpinnings as a step
toward defining occupational guidelines and
standards for Service members exposed to
blast.

As a practical matter, this research objective
is best accomplished under experimental
conditions in which other blast- sensitive
organs, notably the lung, are not overtly
injured; hence the potential cumulative effects
of repeated blast overpressure exposures on the
lung have not yet been sufficiently investigated.
The initial thrust of this project was to define
exposure conditions in an ABS under which
brain injury can be studied unaccompanied by
blast-induced lung contusion and hemorrhage.
However, research completed to date reveals
that at 8.5 points per square inch blast
intensity, lungs are largely contusion- and
hemorrhage-free following up to 30 repeated
side-oriented exposures (Sajja et al. 2017).
Thus exposures at this intensity, or lower, allow
brain injury to be studied free of confounding
polytraumatic complications and provide the
defined scaled conditions under which brain
injury studies are now proceeding. In addition,
from the lung injuries quantitatively analyzed
following repeated exposures to blasts of
greater intensity, predictive pulmonary injury
algorithms have been constructed based upon
exposure frequency and intensity.
Progressive, long-term debilitations and
neurodegeneration prompts concern over
the cumulative deleterious effects of blast
exposures on the brain and the need to define
exposure limits and standards to mitigate this
risk among Service members.
This effort was funded as a part of “The
Development of Exposure Standards for
Repeated Blast Exposures” working group
supported by DHA JPC-5.
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Development of Occupational Standards
for Repeated Blast Exposures

risk among Service members.

This research evaluates neurocognitive and
vestibular data gathered from Service members
previously exposed to IEDs. Researchers in
the Neurotrauma Department at the NMRC,
in collaboration with clinical and scientific
partners at WRAIR, USUHS, NINDS,
(Bethesda, Maryland), NINR (Bethesda,
Maryland), the James J. Peters VA Medical
Center (Bronx, New York), the University of
Virginia School of Medicine (Charlottesville,
Virginia), and NICoE, have initiated a series
of studies to develop occupational exposure
standards for repeated exposure BOP
events to predict human safe blast exposure
limits in terms of blast magnitude, number,
frequency, and between-blast latency.
Assessment modalities include neurocognitive
(neuropsychological), functional
(neuroimaging, magnetoencephalography),
and physiologic (known and novel biomarkers)
changes. The aim of these studies is to
develop predictive models/algorithms of an
occupational standard for use by operational
planners. As part of this larger effort, the
researchers are assessing the role of the
newly hypothesized “glymphatic” system,
the waste clearance system of the brain
(Iliff et al. 2014, Iliff et al. 2012). This work is
aimed at determining what intensities of BOP
result in reduced Aβ and at what time point
this reduction is optimized. Examination of
clearance of Aβ at each time point will provide
more information about the time course of
clearance mechanisms.

The work was supported by DHP funds and
strategically aligned with MOMRP.

This study employs a rat model of blast injury,
exposed to a single blast at varying intensities,
and assessment at six or 24 hours post blast.
Research efforts will also explore potential
interventions to mitigate the acute, subacute,
and/or chronic neurological adverse effects of
TBI and evaluate the cumulative deleterious
effects of blast exposures on the brain to define
exposure limits and standards to mitigate this
236
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Evaluation of the Aeromedical
Evacuation: TBI and Polytrauma
There is a dearth of knowledge about the
effects of long-range aeromedical evacuation,
including the environmental stressors of
hypobaria and vibration, on physiology
(including organ function) and subsequent
morbidity of wounded Service members. TBI
patients are of particular concern, since small
changes in ambient conditions such as cabin
pressure, temperature, and possibly constant
vibration could potentially have detrimental
effects on the already injured and vulnerable
brain. Another area of concern is the lungs, as
air filled organs are more susceptible to blast.
Some studies (Lin et al. 2011; Auten et al. 2010;
Kannan et al. 1998; Pilmanis et al. 1996) suggest
that high altitude hypobaric conditions may
have detrimental effects on pulmonary and
neurological outcomes and that optimization
of aeromedical conditions and/or therapeutics
may be necessary to mitigate such adverse
effects.
In this ongoing study, researchers at NMRC
are investigating the effects of hypobaria
and/or vibration on brain and lung injury
in a rat model of moderate blast injury. The
objective of this study is to further elucidate
physiological and possible pathological effects
of long-range air transport on traumatic
injuries. The hypothesis is that hypobaria
and vibration during long-range aero medical
evacuation have adverse neurophysiological
and pulmonary effects on an organism
suffering from blast injuries. The plan is to
use an established blast injury survival model
in rats. This study is specifically aimed at
answering the following research questions in
a rat blast model:

1.
2.
3.
4.

Does hypobaria have adverse effects on
TBI outcome?
Does vibration increase potential adverse
effects of hypobaria on TBI outcomes?
Does hypobaria have adverse effects on
lung injury after blast?
Does vibration increase potential adverse
effects of hypobaria on lung injury?

Anesthetized animals will be exposed to blast
injury on day one. They will then be survived
and monitored. On day three, animals will
undergo simulated aeromedical evacuation
flight in a hypobaric chamber designed and
built by the NMRC to simulate cabin pressures
equivalent to long-range fixed wing flights
(cabin pressure will be kept at the equivalent
of 8,000 feet altitude). Animals will be
randomized to either hypobaria alone or in
combination with vibration, or normobaric
control with and without vibration. Sham
animals will not receive TBI, but will undergo
the same stressors as TBI animals. Simulated
flight time will be 12 hours for this initial study
to simulate a realistic evacuation scenario
while maximizing flight length to increase
probabilities of detecting possible effects of
flight.
In conclusion, the knowledge gained will
ultimately be used to optimize care that is
provided to wounded Service members as
they are moved through the enroute care
system. This study will provide needed data
on the impact of hypobaria and vibration on
neurotrauma and polytrauma casualties and
identify possible safety risks associated with
aeromedical evacuation of such patients.
This study will provide a knowledge base for
improvement of combat casualty safety and
morbidity. These improvements in morbidity
may also potentially improve long-term
mortality.
These studies are funded by the U.S. Navy.

A Precision Medicine Approach to
Chronic mTBI Leads to Improved Posttreatment Outcomes
The heterogeneous nature of TBI often means
that effectiveness of therapeutic interventions
is not uniform across the injury condition. In
addition, there are no current FDA-approved
pharmaceutical interventions and consensus
regarding cognitive rehabilitation strategies
is lacking. Yet, there is a need to establish
treatment CPGs that can be implemented
across a wide range of treatment environments,
addressing the multiple injury-related sequelae
of TBI in a standardized fashion. In response
to this gap, researchers at the University of
Pittsburgh developed a clinical trial protocol
called “Targeted Evaluation, Action, and
Monitoring of Traumatic Brain Injury
(TEAM-TBI).”

The TEAM-TBI approach provides
a personalized medicine approach
to TBI by guiding targeted therapies
for improving cognitive function and
decreasing symptoms.

TEAM-TBI is a multi-modal approach of
efficacious targeted therapies and technologies
which can provide large-scale and cost
effective treatment for TBI (Figures 8-1 &
8-2). Subjects enrolled in the trial complete a
comprehensive three-day intake evaluation,
including neuroimaging and biomarker
assessments, to assess the clinical trajectories
of TBI patients, as well as the heterogeneity
of the injury. The patients are then stratified
into clinical TBI trajectories, which include
psychological health, sleep disruption,
cognitive impairment, oculomotor disturbance,
vestibular impairment, and post-traumatic
headache (Figure 8-3). A multi-disciplinary
clinical team establishes individualized
treatment regimens that are tailored to address
a participant’s TBI-related sequelae in a fully
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FIGURE 8-1: Pathway of care for subjects participating in the TEAM-TBI protocol. As patients enter into the TEAM-TBI protocol, they receive
comprehensive evaluation of symptoms associated with TBI. The multi-disciplinary clinical team evaluates the needs of each subject and synergistically
develops individual treatment regiments to maximize improvements in clinical outcomes. (Figure used with permission from the authors)

FIGURE 8-2: Detail of a sample targeted intervention for a subject participating in TEAM-TBI. The clinical team collaboratively evaluates each
individual subject’s clinical profile to determine the types of care and sequence of delivery in order to provide optimal outcomes for chronic TBI.
(Figure used with permission from the authors)

integrated manner. Participants receive a suite
of interventions; including in-home therapies
(physical and telemedicine) corresponding to
a six-month targeted treatment. Interventions
include activity and sleep monitoring, personal
coaching, and mindfulness and cognitive
training. A six-month follow-up assessment is
then conducted to compare the effectiveness of
the individualized treatment regimen.
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Data from initial trial completers show a
decrease of symptoms of 51.1 percent between
screening and six-month follow-up when
measured by the Post-Concussive Symptom
Scale (PCSS). The PCSS is a self-reported
survey that rates 22 symptoms of concussive
injuries, including dizziness, vomiting, and
memory loss. Preliminary data were presented
at the 2017 MHSRS (Okonkwo et al. 2017; Kontos
et al. 2017; Soose et al. 2017; Borrasso et al. 2017;

FIGURE 8-3: Representation of the constellation of co-morbidities associated with TBI. Clinical profiles of TBI patients are not homogeneous and
understanding underlying pathology for each individual’s cluster of symptoms will allow clinicians to provide more effective clinical interventions.
(Figure used with permission from the authors)

Krieger et al. 2017; Edelman et al. 2017; Pultz et
al. 2017) in sleep that targeted interventions
significant improvement in validated patientreported outcomes of sleep quality. Another
notable finding was that targeted vestibular
interventions led to improved outcomes in
vestibulo-ocular and cognitive function.
Recruitment to the current clinical trial is
complete and analysis of the data is ongoing.
However, there is a waiting list of more than 30
patients in support of any potential larger-scale
trials.
This effort is funded by PH/TBIRP, and is
strategically aligned with CCCRP. This award
(W81XWH-13-2-0079) is managed by CDMRP.

Effects of High-Level BOP on Cognitive
Performance, Blood Biomarkers, and
Symptom Reporting
Researchers at the WRAIR, and collaborators
at the NRL are conducting a multi-site
observational study of military and law
enforcement personnel. Study participants
are being recruited at the Washington
County Sheriff’s Office (Beaverton, Oregon)
(Kamimori et al. 2017a; Kamimori 2017b); the
35th Engineers at Fort Leonard Wood (Fort

Leonard Wood, Missouri) (Kamimori 2017b;
Kamimori et al. 2017c); Nashville Special
Weapons and Tactics Team (Nashville,
Tennessee) (Kamimori 2017b); the Weapons
Training Battalion at Quantico Marine Corps
Base (Quantico, Virginia) (Kamimori 2017b);
and the 143rd Infantry Regiment at Joint Base
Elmendorf-Richardson, (J-BER; Anchorage,
Alaska) (Kamimori 2017b). A total of 197
subjects were recruited in FY17. This study is
conducted in conjunction with occupational
training exercises that involve operator
exposure to high (greater than eight pounds
per square inch) and/or repeated BOP.
Neurocognitive, physiological (e.g., bloodbased biomarkers, eye-tracking, etc.), and/
or symptom reporting data will be collected
before and after BOP exposure to determine
its effects on the subjects. The neurocognitive
test administrated is the Defense Automated
Neurobehavioral Assessment (DANA) Rapid
which consists of three subtests: simple
reaction time, procedural reaction time, and
Go-No/Go. The symptom questionnaire is a
32-item inventory rated by the subject on a
5-point Likert Scale (0-4; 0 = not experienced
at all; 4 = a severe problem); symptoms
CH A P TER 8: WAY FORWA RD

239

Photo credit: A1C Preston Cherry/U.S. Air Force

included are similar to those on the Rivermead
instrument with additional items. The eye
tracker test measures smooth pursuit eye
movement. Targeted biomarker assays include
GFAP, neurofilament light chain, tau, Aβ in
addition to apolipoprotein E variant genotyping
from buccal swab samples. Generally,
baseline data (and buccal swab) are collected
before overpressure exposure; the DANA is
administered immediately after overpressure
exposure (typically less than five minutes)
when time permits; and symptom reporting,
eye tracking, and blood draws are collected at
the beginning and end of a training day. Blast
characteristics will be recorded to determine
individual and environmental BOP levels.
The objective of this project is to collect high
BOP exposure data on human operators during
operational training and collect possible
injury data using extensively instrumented
human surrogates. The research team
also intends to identify and quantify acute,
240
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transient decrements in cognitive performance
resulting from BOP exposure within a variety
of environments. This portion of the project
will encompass as many different exposure
environments as possible to characterize BOP
within these specific environments as well as
individual operator exposure.
Data collection and analyses continue and
are currently being conducted at the five
recruitment sites listed above. The research
team has also tested a new biofidelic human
head/brain surrogate with CSF simulant layer
between surrogate brain and skull and initiated
testing of changes in neuronal cell metabolism
to a range of BOP levels to determine cell
response threshold. The surrogate heads are
embedded with commercially available mouse
neurons (live cells); the cells are cultured (in
vitro) by NRL and placed in sealed cartridges
(NRL Cell Packs) for inclusion in some of the
biofidelic human surrogate ‘brains’. These 3D
cell cultures allow for the evaluation of the

effects of overpressure directly on cellular
function.
Ultimately, the findings from this project are
expected to inform medical and operational
communities regarding the risk/benefit
assessment of occupational BOP exposure on
Service members and law enforcement.
This study was funded by PH/TBIRP, and is
strategically aligned with MOMRP. This award
(W81XWH-16-2-0001) is managed by CDMRP.

Reflexive Middle-Ear Muscle
Contractions are not Pervasive and May
Not be Exhibited Even for Brief Tones
The objective of this project is to fully
document the effects of acoustic impulses
on the middle ear and on middle-ear muscle
contractions (MEMC). This project, conducted
at the USAARL, in collaboration with Western
Michigan University (Kalamazoo, Michigan)
and Stevenson and Stevenson Research and
Consulting, LLC (Forest Grove, Oregon),
evaluates how the middle ear musculature
reacts to warned and unwarned exposures
to acoustic impulses, and if this potentially
protective reflex can be trained in participants.
This information is necessary for the
development of damage risk criteria and HHA
methods for exposure to high-level acoustic
impulses such as those experienced by users
of military weapon systems and high-level
impulsive noises such as those from blasts.
Preliminary data suggest that clinical reflexive
MEMC are not pervasive in the U.S. population
and that even people with clinical reflexive
MEMC do not necessarily exhibit MEMC for
brief tones (Flamme et al. 2017; McGregor et
al. 2017). Non-acoustic elicitors appear more
likely to produce an MEMC than acoustic
elicitors. In addition, the refined methods
for detecting MEMC developed for this study
provide a means for future studies of these
phenomena. Knowledge from this study could
inform the development of training to boost the

protective MEMC in Service members.
This study is funded by DMRDP, and is
strategically aligned with MOMRP. This award
(W81XWH-14-2-0140) is managed by CDMRP.

Development of a Military-specific
Sound in Noise Test to be Used among
a Battery of Tests to Evaluate Hearing
Fitness-for-duty
Though hearing loss is prevalent throughout
the active duty military forces, there are no
validated standards for assessing Service
member’s functional hearing ability and its
potential impact on the mission. The objectives
of this study are to:
1.

2.

3.

Develop a sound recognition test to
augment the speech tests already
developed
Conduct an extensive normative study for
all tests developed specifically for military
hearing fitness-for-duty (HFFD)
Develop and validate tasks for RTD
auditory assessment

The proposed effort will put HFFD
and RTD tests in the hands of
military audiologists within one to
three years and help assess
whether a Service member is able
to accomplish the mission.
The tests developed in this effort will provide
information on a Service member’s ability to
communicate and recognize relevant sounds
and the effect of hearing loss on this ability.
During FY17, researchers at Creare, LLC
(Hanover, New Hampshire) finalized the
design of a military sound recognition test
using civilian participants at the University
of Connecticut (Storrs, Connecticut). This
pilot study allowed the researchers to validate
the test and training needed to recognize
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and differentiate military-relevant sounds
(e.g., walking versus running feet, rotary wing
versus fixed wing aircraft) embedded in a noisy
background. This test, called the Military Sound
in Noise Test will next be normed with active
duty Service members, along with the Military
Hearing In Noise Test, previously developed
in this project. The norming study will be
administered at Fort Bragg (Fort Bragg, North
Carolina) and the Naval Health Clinic Annapolis
(NHCA; Annapolis, Maryland), pending
regulatory approvals.

Launching the Transforming Research and
Clinical Knowledge in Spinal Cord Injury
Trial

TRACK-SCI was successfully launched in 2016
and enrolled approximately 35 patients in FY17
from the two UCSF study sites: Zuckerberg San
Francisco General Hospital (San Francisco,
California) and Fresno Community Regional
Medical Center (Fresno, California). The detailed
physiological, imaging, and treatment study data
will be stored in a custom REDCap database.

Transforming Research and Clinical Knowledge
in Spinal Cord Injury (TRACK-SCI) is a
prospective multicenter SCI study. For more

TRACK-SCI will provide much-needed evidencebased guidance to early critical care in SCI

This study is funded by DMRDP, and is
strategically aligned with MOMRP. This award
(W81XWH-14-C-1409) is managed by CDMRP.
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information, see http://spinalcordinjury.ucsf.
edu/. Researchers at the UCSF (San Francisco,
California) are conducting this study to correlate
high-density physiology data, clinical exam
scores, surgical procedures, and intensive
care unit medications with baseline risk
factors, imaging parameters, and blood-based
Ribonucleic Acid biomarkers for a comprehensive
approach to SCI diagnosis during acute care,
and prognosis across subacute through chronic
phases of recovery.
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and improve recovery and functional outcome of
Service members injured in the line of duty.
TRACK-SCI is funded by SCIRP, which is
strategically aligned with CRMRP and CCCRP.
The award (W81XWH-16-1-0497) is managed by
CDMRP.

Brooke Army Medical Center Implements
Updated Injury Prevention Screening
As past injury is a strong risk factor for future
injury, the ability to adequately screen Service
members for injury risk after they have been
cleared to RTD from an injury is of great
importance and could prevent future injuries.
Researchers at BAMC, Madigan Army Medical
Center (Tacoma, Washington), William Beaumont
Army Medical Center (WBAMC; El Paso,
Texas), and Womack Army Medical Center
(Fort Bragg, North Carolina) are conducting a
study to determine whether a battery of physical
performance tests performed when a Service
member has been cleared to return to full duty
after a musculoskeletal injury of the spine or lower
extremity will be able to predict: 1) the future

risk of sustaining any injury, as well as, 2) risk
of reoccurrence of the same injury. 480 active
duty Service members who have sustained the
aforementioned injuries have been actively taking
part in a battery of physical performance tests and
filling out sociodemographic surveys after being
cleared to RTD, and are being followed for one
year to identify occurrence of an injury (Rhon et al.
2016) (Figure 8-4). Prediction models for return to
work using the Military Power, Performance, and
Prevention musculoskeletal injury risk algorithm
will be derived using regression analysis from
performance and sociodemographic variables
found to be significantly different between injured
and non-injured subjects. Although the study is
still actively underway with no major findings as
yet, it is noteworthy that some of the screening
components of this study are already being
implemented at BAMC and having an impact on
Service members.
This study is supported by DMRDP funding
(intramural and extramural) and is strategically
aligned with MOMRP. The extramural award
(W81XWH-14-2-0141) is managed by CDMRP.

FIGURE 8-4: Proposed flow of testing stations. (Figure from Rhon et al. 2016 used with permission from the authors)
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A

A1C
AAPS
ABMR
ABR
ABS
ABTD
AD
AE
AFB
AFFD
AFIRM
AHRQ
AIS
ALT
ANOVA
AP
AQP-4
AR2B
ARDS
ARL
ARO
ASA(ALT)

ASBREM

ASD(HA)
ASD(R&E)
ASIA
ASSIST

AT

Airman First Class
Automated Assessment of
Postural Stability
Antibody-mediated Rejection
Auditory Brainstem Response
Advanced Blast Simulator
Anthropomorphic Blast Test
Device
Alzheimer’s Disease
Above Elbow
Air Force Base
Auditory Fitness for Duty
Armed Forces Institute of
Regenerative Medicine
Agency for Healthcare Research
and Quality
Abbreviated Injury Scale
Acquisition, Logistics, and
Technology
Analysis of Variance
Arterial Pressure
Aquaporin-4
Army Resources and
Requirements Board
Acute Respiratory Distress
Syndrome
Army Research Laboratory
Army Research Office
Assistant Secretary of the Army
for Acquisition, Logistics, and
Technology
Armed Services Biomedical
Research, Evaluation, and
Management
Assistant Secretary of Defense
for Health Affairs
Assistant Secretary of Defense
for Research and Engineering
American Spinal Injury
Association
Acquisition Streamlining and
Standardization Information
System
Anti-terrorism

Photo credit (opposite page): Capt Zach Anderson/U.S. Air Force

ATC
ATD
ATEC
ATP
AUDIT-C
AVLB
AVT
Aβ

B

BADER
BAMC
BASIC
BBB
BC-PSI
BD
BDAM
BE
BESS
BFI
BHSAI

BIMA
BIPSR
BMP-2
BOP
BOP-HHA
BRAID
BRI
BSA
B-TEC
BUMED
BVARI

Aberdeen Test Center
Anthropomorphic Test Device
Army Test and Evaluation
Command
Army Technical Pamphlet
Alcohol Use Disorders
Identification Test-C
Armored Vehicle Launch Bridge
Applied Vehicle Technology
Amyloid Beta

Bridging Advanced Developments
for Exceptional Rehabilitation
Brooke Army Medical Center
Brain and Spinal Injury Center
Blood Brain Barrier
British Columbia Postconcussion
Symptom Inventory
Brain Dead
Barrier Damage Assessment
Module
Below Elbow
Balance Error Scoring System
Brain Function Index
Biotechnology High Performance
Computing Software
Applications Institute
Brain Injury and Mechanisms of
Action
Blast Injury Prevention Standards
Recommendation
Bone Morphogenic Protein-2
Blast Overpressure
Blast Overpressure-Health
Hazard Assessment
Blast Related Auditory Injury
Database
Blast-related Injury
Body Surface Area
Brain Trauma Evidence-based
Consortium
Bureau of Medicine and Surgery
Boston VA Research Institute,
Inc.
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C

C5
Capt
CARE
CBF
CCA
CCC
CCCRP
CCL22
CCWC
CDER
CDISC
CDMRP
CDRH
CDST
CE/MHE
CENC
CES-D
CEWI
CFI
CHIP
CI
CJCS
CL
CNRM
CNS
CNV
CO²
COA
CogSMART
COI
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Comprehensive Combat and
Complex Casualty Care
Captain/U.S. Air Force
Concussion Assessment,
Research, and Education
Cerebral Blood Flow
Canonical Correlation Analysis
Combat Casualty Care
Combat Casualty Care
Research Program
C-C Motif Chemokine Ligand 22
Close Combat Weapons Carrier
Center for Drug Evaluation and
Research
Clinical Data Interchange
Standards Consortium
Congressionally Directed Medical
Research Programs
Center for Devices and
Radiological Health
Clinical Decision Support Tool
Combat Engineer/Material
Handling Equipment
Chronic Effects of Neurotrauma
Consortium
Center for Epidemiological
Studies Depression Scale
Combat-related Extremity Wound
Infection
Center for the Intrepid
Center for Human Injury &
Performance
Confidence Interval
Chairman of the Joint Chiefs
of Staff
Contact Lens
Center for Neuroscience and
Regenerative Medicine
Central Nervous System
Corneal Neovascularization
Carbon Dioxide
Clinical Outcome Assessment
Cognitive Symptom Management
and Rehabilitation Therapy
Community of Interest
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CoT
CPG
Cpl
CPT
CPT-II
CRADA
CRMRP
CRSR
CSF
CSO
CSR
CSS
CT
CTE
CV
CVD
CXCL

D

DANA
DARPA
DASA (R&T)

DCBI
DCL
DCoE
DDEAMC
DDT
DHA R&D
DHHS
DHP
DIPR
DMRDP
DNA

Cost of Transport
Clinical Practice Guidelines
Corporal
Captain/U.S. Army
Continuous Performance Test II
Cooperative Research and
Development Agreement
Clinical and Rehabilitative
Medicine Research Program
Center for Rehabilitation Sciences
Research
Cerebrospinal Fluid
Collaboration Supporting Office
Clinical Study Report
Clinical Classification Software
Computed Tomography
Chronic Traumatic
Encephalopathy
Cerebral Volume
Cardiovascular Disease
Chemokine (C-X-C motif) Ligand

Defense Automated
Neurobehavioral Assessment
Defense Advanced Research
Projects Agency
Deputy Assistant Secretary of
the U.S. Army for Research and
Technology
Dismounted Complex Blast Injury
Damage Control Laparotomy
Defense Center of Excellence
Dwight D. Eisenhower Army
Medical Center
Drug Development Tool
Defense Health Agency Research
and Development
Department of Health and Human
Services
Defense Health Program
Defence Institute of
Psychological Research
Defense Medical Research and
Development Program
Deoxyribonucleic Acid

DO
DoD
DoDD
DOW
DRDO
DS-CPT
DTI
DTRA
DTTI
DVBIC
DVEIVR

E

EA
EACE
EBT
ED
EFA
ELISA
EMED
EMG
EMR
ERDC
ERG
ERP
ESiT
ETrA

F

FAAST
FAST
FDA
FedBizOpps

Distraction Osteogenesis
Department of Defense
Department of Defense Directive
Died of Wounds
Defence Research and
Development Organization
Degraded Stimulus–Continuous
Performance Task
Diffusion Tensor Imaging
Defense Threat Reduction
Agency
Defense Trade and
Technology Initiative
Defense and Veterans Brain
Injury Center
Defense and Veterans Eye Injury
and Vision Registry

FEM
FFRDC
FITBIR
fMRI
FY

G

G
GE
GFAP
GHD
GMI
GMP
GOSE
GySgt

Executive Agent
Extremity Trauma and
Amputation Center of Excellence
Evidence-based Treatment
Emergency Department
Exploratory Factor Analysis
Enzyme-linked Immunosorbent
Assay
Expeditionary Medical
Encounter Database
Electromyography Signals
Electronic Medical Records
Army Engineer Research and
Development Center
Electroretinogram
Event-related Potential
Environmental Sensors in Training
Endothelin Receptor A

H

HA
HCE
HFFD
HFM
HFPTA
hfRPC
HHA
HIPC
HMMWV
HO
HRQOL

I

IARC
Federal Advanced Amputation
Skills Training Symposium
Focused Assessment by
Ultrasound for Trauma
U.S. Food and Drug
Administration
Federal Business Opportunities

iBIPSR
ICAM
ICD-9
ICD-10

Finite Element Model
Federally Funded Research and
Development Center
Federal Interagency Traumatic
Brain Injury Research
Functional Magnetic Resonance
Imaging
Fiscal Year

Gravitational
General Electric
Glial Fibrillary Acidic Protein
Growth Hormone Deficiency
General Memory Index
Good Manufacturing Practice
Glasgow Outcome
Scale-Extended
Gunnery Sergeant

Health Affairs
Hearing Center of Excellence
Hearing Fitness-for-Duty
Human Factors and Medicine
High-frequency Pure-tone
Average
Human Fetal Retinal Progenitor
Cells
Health Hazard Assessment
Human Injury Probability Curve
High Mobility Multipurpose
Wheeled Vehicle
Heterotopic Ossification
Health-related Quality of Life

Injury Assessment Reference
Curve
Interactive Blast Injury Prevention
Standards Recommendation
Intercellular Adhesion Molecule
International Classification of
Disease–Ninth Revision
International Classification of
Diseases–Tenth Revision
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ICD-11
ICE
IDE
IDEO
IED
iFAST
IFI
IGF-1
IgG
IHC
IJV
IL
INMAS
INTRuST
IOM
IOP
IPR
ISC
ISS
ITBRL
IV&V
IVM

J

JAB
JHU/APL
JIDA
JPC
JPO JLTV
JTAPIC
JTS
JUFBI
JWMRP
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International Classification of
Diseases–Eleventh Revision
Intra-socket Cooling Element
Investigational Device Exemption
Intrepid Dynamic Exoskeleton
Orthosis
Improvised Explosive Device
Intelligent Focused Assessment
with Sonography for Trauma
Invasive Fungal Infection
Insulin-like Growth Factor-1
Immunoglobulin G
Inner Hair Cells
Internal Jugular Vein
Interleukin
Institute of Nuclear Medicine and
Allied Sciences
The INjury and TRaumatic STress
Institute of Medicine
Intensive Outpatient Program
In-Progress Review
Intrepid Spirit Center
Injury Severity Score
Indian Terminal Ballistic Research
Laboratory
Independent Verification &
Validation
Intravital Microscopy

K

Joint Assault Bridge
Johns Hopkins University Applied
Physics Laboratory
Joint Improvised-Threat Defeat
Agency
Joint Program Committee
Joint Project Office for the Joint
Light Tactical Vehicles
Joint Trauma Analysis and
Prevention of Injury in Combat
Joint Trauma System
Japan-U.S. Technical Information
Exchange Forum
Joint Warfighter Medical
Research Program

MDR
MEDCOM
MEMC
MEP
MHS
MHSRS
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L

L/P
LBL
LBP
LCpl
LE
LFPTA
LFT&E
LH
LOC
LPA
LPAR
LPS
LRIP
LS

M

MAAWS
MAP2
MAUT
MBRP
MDDT

MIDRP
MIL-STD
MOM
MOMRP
MOS
MPAI-4

Killed in Action

Lactate/Pyruvate
Layer-by-layer
Lower Back Pain
Lance Corporal/U.S. Marine
Corps
Lower Extremity
Low-frequency Pure-tone
Average
Live Fire Test and Evaluation
Luteinizing Hormone
Loss of Consciousness
Lysophosphatidic Acid
Lysophosphatidic Acid Receptor
Lipopolysaccharide
Low Rate Initial Production
Land Systems

Multi-Role Anti-Armor/AntiPersonnel Weapon System
Microtubule Associated Protein
2
Multi-Attribute Utility Theory
Military Burn Research Program
Medical Device Development
Tools
Military Deployment-related
U.S. Army Medical Command
Middle-ear Muscle Contraction
Motor Evoked Potential
Military Health System
Military Health System Research
Symposium
Military Infectious Disease
Research Program
Military Standard
Military Operational Medicine
Military Operational Medicine
Research Program
Military Occupational Specialty
Mayo-Portland Adaptability
Inventory, 4th Revision

MRI
MRL
MRS
MSG
MSgt
MSISRP

MST
mTBI
MTP

N

N3
NA
NASA
NBE
NBRI
NCAA
NDAA
NDMC
NeuN
Neuro-QOL
NFL
NGIC
NHRC
NICoE
NIH
NINDS

NINR
NJIT
NLP

Magnetic Resonance Imaging
Military-related Loss
Magnetic Resonance
Spectroscopy
Master Sergeant/U.S Army
Master Sergeant/U.S. Air Force/
U.S. National Guard
Medical Simulation and
Information Systems Research
Program
Military Sexual Trauma
Mild Traumatic Brain Injury
Massive Transfusion Protocol

Neuroscience, Neurotrauma,
and Neurodegeneration
Not Applicable
National Aeronautics and Space
Administration
Not Blast Exposed
Non-Blast-Related Injury
National Collegiate
Athletic Association
National Defense
Authorization Act
National Defense Medical
College
Neuronal Nuclei
Neurological Disorders – Quality
of Life
National Football League
National Ground
Intelligence Center
Naval Health Research Center
National Intrepid Center
of Excellence
National Institutes of Health
National Institute of
Neurological Disorders and
Stroke
National Institute of Nursing
Research
New Jersey Institute
of Technology
Natural Language Processing

NMCSD
NMRC
NOX1
NPI
NRAP
NRL
NSWC
NT
NU-FlexSIV

O

OBTT
Occ
OCP TECD

OEF
OGI
OHC
OIF
OND
ONR
OPUS
OR
ORTA
OSD

P

PaPO2
PCL
PCL-5
PCO
PCS
PCSS
PCT
PD
PdM
PEG
PEO

Naval Medical Center San Diego
Naval Medical Research Center
NADPH oxidase 1
New Products and Ideas
National Research Action Plan
Naval Research Laboratory
Naval Surface Warfare Center
Not Tested
Northwestern University
Flexible Sub-ischial Vacuum

Operation Brain Trauma Therapy
Occludin
Occupant Centric Platform
Technology- Enabled Capability
Demonstration
Operation Enduring Freedom
Open Globe Injury
Outer Hair Cells
Operation Iraqi Freedom
Operation New Dawn
Office of Naval Research
Orthotics and Prosthetics
Users™ Survey
Odds Ratio
Office of Research and
Technology Transfer
Office of the Secretary
of Defense

Partial Pressure Oxygen
Posttraumatic Stress Disorder
Checklist
PTSD Checklist Version 5
Program Coordinating Office
Post-concussive Syndrome
Post-concussion Symptom Scale
Procalcitonin
Pharmacodynamic
Product Manager
Polyethylene Glycol
Program Executive Office
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PEO CS&CSS

PEO GCS
PEO-STRI

PET
PFC
PH/TBIRP
PI
PK
PM
PM FP
PM ICE
PMHS
PoW
PPE
PPTH
PROMIS

PRORP
PTA
PTH
PTSD

Q

qEEG
QoL

R

RDECOM
RDT&E
RDX
REBOA
RFI
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Program Executive Office Combat
Support and Combat Service
Support
Program Executive Office Ground
Combat System
Program Executive Office
for Simulation, Training, and
Instrumentation
Positron Emission Tomography
Private First Class/U.S. Army
Psychological Health/Traumatic
Brain Injury Research Program
Principal Investigator
Pharmacokinetic
Program Manager
Project Manager Force Projection
Program Manager Infantry
Combat Equipment
Post-mortem Human Surrogates
Program of Work
Personal Protective Equipment
Persistent Posttraumatic
Headache
Patient Reported Outcomes
Measurement Information
System
Peer Reviewed Orthopedic
Research Program
Posttraumatic Amnesia
Posttraumatic Headache
Posttraumatic Stress Disorder

Quantitative
Electroencephalographs
Quality of Life

Research, Development, and
Engineering Command
Research, Development, Testing,
& Evalulation
Research Department eXplosives
Resuscitative Endovascular
Balloon Occlusion of the Aorta
Request for Information
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rhBMP-2
rHuIL
RIC
RIMPAC
RSP
RTD
RTG
RTPR

S

S&T
SBIR
SCBF
SCI
SCIRP
SD
SECARMY
SECDEF
SEM
Sgt
SGT
SIRS
SME
SNHL
SOC
SoS
SPA
SPC
SrA
SSG
SSgt
STO
SVF

T

T&E
T2HC
TAN
TAP

Recombinant Human Bone
Morphogenetic Protein-2
Recombinant Human Interleukin
Rehabilitation Institute of Chicago
Rim of the Pacific Exercise
Running-specific Prosthesis
Return to Duty
Research Task Group
Reconstructive Transplant
Research Program

Science and Technology
Small Business
Innovation Research
Spinal Cord Blood Flow
Spinal Cord Injury
Spinal Cord Injury Research
Program
Standard Deviation
Secretary of the Army
Secretary of Defense
Standard Error of the Mean
Sergeant/U.S. Air Force
Sergeant/U.S. Army
Systemic Inflammatory Response
Syndrome
Subject Matter Expert
Sensorineural Hearing Loss
Standard of Care
State-of-the-Science
Suitcase Packing Activity
Specialist/U.S. Army
Senior Airman/U.S. Air Force
Staff Sergeant/U.S. Army
Staff Sergeant/U.S. Air Force
Science and Technology
Organization
Stromal Vascular Fraction

Testing and Evaluation
Type II Heavy Crane
Torsional Alignment Nulling
Technical Activity Proposal

TARDEC

TATRC
TBI
TBI-QOL
tBMP-2
TBSA
TCL
TCMR
TDAP
TEAM-TBI

TED
TGF-β
TIDOS
TIMP
TMR
TMT
TNF
TOMM
TOP
TOW
TRACK-SCI

TRACK-TBI

Treg
TRL
TSgt
TT

U.S. Army Tank Automotive
Research Development and
Engineering Center
Telemedicine and Advanced
Technology Research Center
Traumatic Brain Injury
Traumatic Brain Injury Quality of
Life Measurement System
Targeted Bone Morphogenetic
Protein-2 Variant
Total Body Surface Area
Therapeutic Contact Lens
T-cell Mediated Rejection
Tissue Data and Acquisition
Protocol
Targeted Evaluation, Action, and
Monitoring of Traumatic Brain
Injury
Traumatic Brain Injury
Endpoints Development
Transforming Growth Factor
Beta
Trauma Infectious Disease
Outcomes Study
Tissue Inhibitors of
Metalloproteinase
Targeted Muscle Reinnervation
Trauma Management Therapy
Tumor Necrosis Factor
Test of Memory Malingering
Testing Operational Procedure
Tube-launched, Opticallytracked, Wire-guided
Transforming Research and
Clinical Knowledge in Spinal
Cord Injury
Transforming Research and
Clinical Knowledge in Traumatic
Brain Injury
Regulatory T-cell
Technology Readiness Level
Technical Sergeant/U.S. Air
Force
Technical Team

U

UBB
UCLA
UCSF
US
USAARL
USACEHR
USAMRMC
USAPHC
USARIEM
USD(AT&L)

USMC
USSOCOM
USUHS
UW

V

V&V
VA
VALOR
VAN
VBIED
VCA
VCE
VEGF
VP
vPFC
VRP
VTE

Underbody Blast
University of California, Los
Angeles
University of California, San
Francisco
United States
U.S. Army Aeromedical Research
Laboratory
U.S. Army Center for
Environmental Health Research
U.S. Army Medical Research and
Materiel Command
U.S. Army Public Health Center
U.S. Army Research Institute of
Environmental Medicine
Under Secretary of Defense
for Acquisition, Technology,
and Logistics
U.S. Marine Corps
U.S. Special
Operations Command
Uniformed Services University of
the Health Sciences
University of Wisconsin

Verification & Validation
U.S. Department of Veterans
Affairs
Veterans’ After Discharge
Longitudinal Registry
Vertical Alignment Nulling
Vehicle-born Improvised
Explosive Device
Vascularized Composite
Allotransplantation
Vision Center of Excellence
Vascular Endothelial Growth
Factor
Venous Pressure
Ventral Prefrontal Cortex
Vision Research Program
Venous Thromboembolism
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W

WG
WIA
WIAMan
WII
WMRD
WRAIR
WRNMMC
WTAR
WWRP
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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 National Military
Medical Center
Wechsler Test of Adult Reading
Wounded Warrior
Recovery Project
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Y

YAG

OTHER
2D
3D
3-NT
β-APP

Yttrium Aluminium Garnet

Two Dimensional
Three Dimensional
3-Nitrotyrosine
Beta-amyloid Precursor Protein

Photo credit (opposite page): Marie Berberea/U.S. Army
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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
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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 (Reference
(c)), shall:
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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.
5.2.5. Serve as Co-chair of the ASBREM Committee. (See Enclosure 3 for additional detail.)
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:
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.
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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.
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.
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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.
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.
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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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.
7. EFFECTIVE DATE
This Directive is effective immediately.
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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: FY16 CDMRP Research Programs with Blast Injury-Related Research Activities
CDMRP Research Program

Defense Medical Research
and Development Program
(DMRDP)

Program Focus

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 committee,
called 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.
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 TBI, recovery, and impact quality of
life
• Development and preclinical testing of novel chemotypes as therapies for wound infection

The ERP funds research to develop an understanding of the magnitude of posttraumatic
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 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, MOM, CCC, Radiation Health Effects, and CRM.
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 combat-related activities.
Example focus areas relevant to blast injury:

Military Burn Research
Program (MBRP)

• Investigation of the impact of various fluid resuscitation techniques on clinically relevant
outcomes during acute burn resuscitation
• Studies on single or multiple organ failure in the burn/trauma patient
• Evaluation of factors involved in burn wound healing and optimization of strategies for
treatment
• Impact of prolonged field care and delayed evacuation on patient outcomes
The OPORP funds research that evaluates the comparative effectiveness of orthotic and
prosthetic clinical interventions and/or their associated rehabilitation interventions, using
patient-centric outcomes for Service members and Veterans who have undergone limb
impairment or limb amputation.

Orthotics and Prosthetics
Outcomes Research Program
(OPORP)

Example focus areas relevant to blast injury:
• Determination of optimal timing for prosthetic/orthotic intervention and selection of optimal
device
• Evaluation of comparative effectiveness of different orthotic devices as well as prevention
of secondary adverse consequences from prosthetic/orthotic use
• Application of specific rehabilitation interventions to accelerate the time, course, or extent
of functional outcomes
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)

• Posttraumatic headache
• DNA vaccine technology for postexposure prophylaxis
• Neuroprosthetics
• Posttraumatic 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:
• Decreasing secondary health effects of reduced mobility following non-spinal cord traumatic
neuromusculoskeletal injury

Peer Reviewed Orthopaedic
Research Program (PRORP)

• Comparative evaluation of physical/occupational therapy regimens to achieve
optimal rehabilitation
• Prevention of surgical site/amputation site neuromas
• Development of novel materials and technologies to improve performance of prosthetics and
orthotics
• Development of osseointegration for upper extremity prostheses
• Techniques for healing blast-related segmental bone injuries, in which large pieces of bone
are lost
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CDMRP Research Program

Program Focus
The PH/TBIRP funds research efforts aimed at improving prevention, detection, and treatment
of psychological health disorders and TBIs. Research funded by PH/TBIRP spans the
translation research spectrum from basic research to clinical trials. The 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 PPE
• Comparison of behavioral and neural pathologies in blast-induced and mechanically-induced
TBI
• Evaluation of rehabilitative therapies for TBI injury, including telerehabilitation and virtual
reality
• Evaluation of neuroprotective and/or therapeutic compounds to treat TBI
• Development of field-ready diagnostic devices for PTSD and TBI
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 the treatment and rehabilitation of SCI.
Example focus areas relevant to blast injury:
• Management of acute SCI care (pre-hospital, en route care, and early hospital management)

SCI Research Program (SCIRP)

• Best practices for rehabilitation and adjustment to SCI
• Research towards the development of spinal regeneration
• Secondary health effects and complications following SCI
• Investigation and improvement of functional deficits

The VRP funds research efforts to improve and transform the care of military personnel affected
by diseases and injuries of the eye. The program focuses on funding innovative, militaryrelevant research that addresses unmet clinical needs.
Example focus areas relevant to blast injury:

Vision Research Program (VRP)

• Mitigation and treatment of traumatic ocular and visual system injuries
• Treatment of TBI-induced visual dysfunction, including that caused by direct blast injury
• Strategies for the protection, prevention, and rehabilitation of eye injuries
• Epidemiological studies of military eye trauma, including TBI-induced visual dysfunction
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