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The National Collegiate Athletic Association
(NCAA) and the U.S. Department of Defense (DoD)
partnered to establish the NCAA-DoD Grand Alli-
ance and the Concussion Assessment, Research, and
Education (CARE) Consortium in 2014. The CARE
Consortium was established to inform policy decisions
concerning concussion and its long-term consequences
on health as public concern continued to grow. CARE
is now in its second phase and is the largest prospective
concussion study ever conducted, with over 41,000
male and female NCAA student-athletes and service
academy cadets enrolled. The first phase of CARE
focused on defining the clinical and neurobiological
natural history of concussion and recovery, along with
factors that predict poor outcomes following injury.
The second phase was initiated to study the cumulative
and long-term effects of concussion and repetitive head
impacts.
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The CARE Consortium is one of many initiatives to
better understand concussion as an injury and its long-
term consequences. As public concern over concussion
increases, more research is being devoted to filling in
knowledge gaps clinically as well as understanding the
mechanics of injuries and how to prevent them. The
Annals of Biomedical Engineering (ABME) has pub-
lished 15 papers related to sports concussions in the
last 2 years. The papers covered a wide variety of to-
pics including sensors to measure real-world head im-
pact kinematics, clinical measures of concussion,
helmet evaluation, and brain injury modeling. One
study presented a novel foam-based technology for
measuring real-world head impacts.11 Another used
existing helmet-mounted sensors to evaluate the cor-
relation between different head injury metrics and
concussion risk.13 Balance is often used as a compo-
nent of clinical evaluation of concussion and recovery,
but the most common assessments are visually scored
by trained personnel, which introduces human error
and variance. Due to these limitations, investigators
have evaluated different automated methods to detect
changes in postural stability.8,12 Several studies evalu-
ated the impact performance of existing helmets and
newly developed technologies.4,5,10 Others looked at
helmet testing methods and how they influence helmet
evaluation.3,14 Finite element modeling has become
increasingly important in studying head injury
biomechanics since it is difficult to determine the
mechanism of injury and relative motion in the brain
during impact. Efforts have been made to increase the
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complexity and biofidelity of these models for more
accurate injury prediction capabilities.1 The models
have been applied to both real-world and laboratory
head impacts to determine strains within the brain that
are associated with concussion, and to develop injury
metrics that can be used to evaluate the risk of injury in
different impact scenarios.2,7,9,15 In addition to com-
putational models, animal models have also been used
to evaluate clinical outcomes of concussion.6

Within this special issue devoted to NCAA-DoD
CARE Consortium research, the timely papers cover
topics related to head impact exposure, head impact
sensors, concussion screening tests, and athlete quality
of life following a concussion. They build on the re-
cently published concussion research outlined above.
Studies looking at head impact exposure quantified
differences between exposure in concussed and control
athletes and evaluated various factors that affect head
impact exposure in athletes. Rowson et al. compared
head impact exposure for concussed athletes to mat-
ched controls that demonstrated similar traits that may
influence concussion tolerance. The concussed athletes
experienced more head impacts overall and more high-
magnitude impacts than their physically matched
controls, putting them at a greater risk for injury.
Stemper et al. evaluated repetitive head impact expo-
sure in concussed collegiate football players compared
to controls. They found that concussed athletes, in
general, had greater head impact exposure both on the
day of injury and the time leading up to injury. These
results have implications for policies aimed at reducing
head impact exposure for athletes. In a separate study,
Stemper et al. also evaluated a previously implemented
policy meant to reduce head impact exposure by
eliminating two-a-day preseason football practices.
The results of the study showed that although two-a-
day practices were eliminated, overall head impact
exposure increased because the total number of contact
practices was also increased. This study highlights the
importance of making data-driven decisions when
attempting to reduce head impact exposure.

Two studies evaluated how head impact exposure
varies for different players and practice conditions.
Campolettano et al. found differences in head impact
rate by player position, team, and player ability. Asken
et al. identified differences in head impact exposure for
different practice drills and player positions. Practice
modifications based on these findings could drastically
decrease head impact exposure for collegiate football
players.

Rich et al. developed a novel mouthpiece sensor for
more accurate measurement of head impact kinematics
in both non-helmeted and helmeted sports. The sensor

was validated in the laboratory and deployed in female
youth soccer players on the field. In laboratory tests,
data from the mouthpiece sensor were strongly corre-
lated with data from laboratory-grade sensors in an
impacted headform. On the field, video-verified im-
pacts were matched with impacts recorded on the
mouthpiece, with the mouthpiece sensor demonstrat-
ing an overall sensitivity of 69% and positive predic-
tive value of 80%. These results indicate that this novel
sensor could provide accurate on-field measurements
of head impact kinematics.

Several cognitive and balance tests are used to assess
concussion in athletes and track improvement
throughout recovery. Chrisman et al. evaluated the
impact of factors that affect reading skill level on
baseline performance of a particular screening tool
called the King-Devick test. Learning disorders and
primary languages other than English were identified
as factors that resulted in slower baseline test perfor-
mance times, indicating that caution should be used
with comparisons to normative data for individual
athletes. Houston et al. compared results of human-
rated vs.sd instrumented balance error scoring system
(BESS) scores, a test commonly used to evaluate pos-
tural control in athletes following concussion. There
was poor agreement between human raters and the
instrumented mat used, suggesting that one method
should be used for consistency, and the results are
likely not comparable.

Weber et al. evaluated global and specific health-
related quality of life assessments in student-athletes
during concussion recovery. The results indicated that
even when patients were clinically ready to return to
play, some athletes still perceived physical deficits.
Additionally, athletes with a history of previous con-
cussions had worse depression scores following injury.
The athlete’s perception of his or her overall health is
an important consideration for concussion recovery
and returning to play.

The NCAA-DoD CARE Consortium research has
made important advances in understanding concussive
injury and recovery. The studies in this special issue
further our knowledge base of athlete head impact
exposure, and how it varies for individuals and under
different practice conditions. New technology to better
understand on-field head impact biomechanics and
impact exposure was also developed. For concussion
recovery, different clinical and quality of life assess-
ments were evaluated to identify limitations and further
our understanding of physical and mental recovery.
Future CARE Consortium research will expand on
these areas as well as study the long-term effects of
repetitive head impact exposure and concussions.
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