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Abstract

Head injuries are a particular concern in Hawai’i given the large military
population, the presence of many land and water sports such as football
and surfing, and the lenient helmet laws for motorcycle and bicycle riders.
Physical, psychological, and cognitive symptoms from single or repeated
concussions can affect an individual’s reentry to society and activity. Current
literature indicates that repeated head injuries are associated with chronic
traumatic encephalopathy (CTE) which is thought to lead to dementia. This
paper reviews literature discussing causes of concussion including its inci-
dence and prevalence in Hawai'i. Furthermore, the neurophysiological and
neurobiological etiologies are discussed followed by an overview of methods for
identification and management of concussion. The paper serves as information
for professionals in the community such as educators, military personnel, and
healthcare workers to identify risks of concussion, management of symptoms,
and to connect with resources and programs available in Hawai'i.
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Introduction

Concussion is a term used synonymously with mild traumatic
brain injury (mTBI) and is an injury caused by external forces
to the head that disrupt the function of the brain without pen-
etrating the skull.'”> Awareness of the impact of concussions
has increased over the last several years as service members
returned from Operation Enduring Freedom (OEF), Operation
Iraqi Freedom (OIF), and Operation New Dawn (OND) with
diagnosis of mTBI.>*® Former and current athletes from the
National Football League have also increased awareness of
head injuries as more and more players recognize the impact
of repeated concussions. As these issues continue to rise, other
activities have been identified as “at risk” for concussion such
as soccer, surfing, and mixed-martial arts. Many of these
activities are popular within the state of Hawai‘i. However,
the literature discussing the significance of head injury in the
state is limited. This paper aims to address common causes of
concussions in Hawai ‘i, neurophysiological factors, and direc-
tions for treatment.

Causes of Concussion

Combat-Related Concussions: The state of Hawai‘i is unique
in that it is home to every branch of the military and represents
a disparate population at increased risk for head injury. Within
the United State, approximately 100,000-250,000 concussions
in service members resulted from the recent Gulf Wars, and
OEF/ OIF/ OND.*® An estimated 7%-12% of veterans who
served in OEF/OIF/OND and received VA medical care have

confirmed combat-related TBIs. Seventy-five thousand out of
a total of 800,000 veterans were screened and found to have
sustained concussions during combat with more than half of
combat-related concussions attributed to motor vehicle accidents
(MVA).** Ninety-five percent of those concussions identified
were mild in severity; less than 5% were moderate to severe.
About 73% of veterans with symptomatic mTBI present with
a concurrent mental health diagnosis. Post-traumatic stress
disorder (PTSD) is the most common mental health disorder
associated with mTBIL.”® Over 90% of these veterans either
have PTSD or chronic pain disorder.”'® According to the 2014
census report, there is atotal of 47,213 military personnel in the
state of Hawai‘i."! The Department of Defense reported that the
prevalence of mTBI in the Army was 3 times higher than other
branches.!? With four active Army bases in Hawai‘i, it is very
likely that the military population within the state significantly
contributes to these statistics. Also, the University of Hawai‘i at
Manoa has a large ROTC program with cadets who may have
previously deployed and may have experienced combat situa-
tions with exposure to events that lead to head injury.

Motor Vehicle Accidents: The most common non-sport civil-
ian concussions are from motor vehicle accidents (MVA).
Emergency departments in the United States treated almost
2.6 million individuals for injuries after a motor vehicle col-
lision.!* The most recent data for nonfatal injuries secondary
to MVA in 2011 reported 433 injuries per 100,000 persons in
Hawai‘i."* The Injury Prevention and Control Section of the
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Hawai‘i State Department of Health (DOH) reported that 21%
of nonfatal injuries from motorcycle crashes resulted in TBI
between the years 2007-2011, followed by bicycle (18%) and
automobile (16%) accidents.' The use of airbags in vehicles has
decreased TBI fatalities but has consequently increased mTBIs
that may continue to impact the victims’ daily living. Although
motorcycles, mopeds, scooters, and bicycles are popular forms
of transportation in Hawai‘i the state has only enacted a law
requiring helmet use among children. The law states that per-
sons must wear a helmet when riding a bicycle if under the age
of 16 years and when driving a motorcycle if under the age of
18 years.!*!'” Concussions from MVAs demonstrate elements
similar to sport and combat mTBIs."82

Sports-Related Concussions: Sports-related concussions have
become a significant topic of interest due to the recent atten-
tion from the media, particularly in American football from
youth to professional leagues. Within the United States, there
are more than 3.8 million concussions related to sports and
recreational activities annually.'® Approximately 5%-9% of all
sports injuries are concussions. Football, wrestling, girl’s and
boys’ soccer, and girls’ basketball have the highest incidence
of concussions.** Another unique aspect of Hawai‘i is the high
participation in watersports by the locals and tourists. According
to the DOH," an average of 9% of near drowning accidents
resulted in traumatic brain injury. Woodacre, et al, found that
24% of injuries in surfers were classified as head injuries.”
Another study by Swinney assessed the prevalence of TBI and
the use of protective gear in 50 surfers.”> Among this sample,
70% (n=35) reported sustaining a head injury, and of those,
37.1% (n=13) were concussions.

Athletes who sustain a sports-related concussion have a
greater likelihood of experiencing repeated concussions.?
University athletic teams involved in sports such as football
and soccer are also high risk for repeated concussions during
games and practice sessions. Most concussions sustained by
athletes occur during practices as opposed to competitive games.
In addition, women are more likely to experience concussions
than men within the same sport.>*? Preliminary data from a
pilot study at the University of Hawai‘i UH that surveyed a
female university soccer team in Hawai‘i found that 35% of
the participants (n=20) sustained a concussion either during
a game or practice.”® Mixed-martial arts (MMA) is another
popular sport in Hawai‘i and is also considered high risk for
repeated concussions. Ngai, Levy, and Hsu reported a rate of
15 4 severe concussions per 1000 athlete exposures.”” An ongo-
ing study which includes MMA competitors indicates that at
least 58% of the participants (n=12) report an average of 2.85
concussions during practice, fights, or both.?®

Neurophysiological Aspects of Concussion

The aftermath of sustaining a concussion with loss of con-
sciousness is commonly the result of diffuse axonal injury in
which the rotational movements of the brain within the skull
damages axons.>? Persons who sustain a concussion experi-

ence an alteration or loss of consciousness for up to 30 minutes
with associated memory loss or post-traumatic amnesia (PTA)
surrounding the event. Additional neurologic sequelae may also
be present, including numbness, dizziness, uncoordination,
and alterations in special senses. These sequelae and PTA are
typically symptomatic for up to 24 hours following the event.*

Morerecently,clinical and research professionals are attempt-
ing to increase the awareness of potentially concussive events
(PCE), particularly in high-risk activities such as exposure to
blasts while serving in the military and contact sports. A PCE
is an impulsive force to the head that can result in acute or
chronic symptoms in some individuals; while others may be
asymptomatic.>* According to the Veterans Administration (VA),
acute post-concussive symptoms (PCS) are characterized by
axonopathy, altered glucose metabolism, short-term musculo-
skeletal or soft-tissue pain, and psychological changes.* There
are concerns related to the long-term effects that may be present
following this potentially cumulative trauma disorder. Chronic
PCSistheresultof permanent damage to axons,along with noted
psychological changes.* Additional symptoms of PCS include
persistent physical symptoms such as headaches, dizziness,
blurred/double vision,and insomnia. Cognitive changes include
deficits in attention,executive function, short-term memory loss,
and changes in social-communication skills.**> Individuals
with PCS may also experience emotional and psychological
symptoms. Studies have shown that 80%-90% of symptoms
typically resolve within 1-4 weeks of the incident.** However,
they usually present within the first 1-2 weeks following the
event and may last for at least three months in 15%-30% of
individuals. It is unclear what this means in consideration of
prognosis and treatment. In 5% of cases, the consequences of
concussions last more than one year. While research continues to
investigate the long-term effects of concussion, there is scientific
evidence that single moderate-severe TBIs are associated with
long-termrisks. There is also evidence that, although symptoms
related to concussion may have subsided after one week of rest,
the brain may not have fully recovered.

Repeated concussions can predispose individuals for neu-
rological degeneration later in life. Athletes from the National
Football League (NFL) may sustain 3,000-8,000 concussions
over a lifetime of sports while American combatants from the
war in Iraq report 1-151 mTBIs (average of 4) during their
service.> Post-mortem examinations of the brains of former
NFL players have led to the identification of chronic traumatic
encephalopathy (CTE).>* CTE, also termed “Punch Drunk” or
Dementia Pugilistica is a neurodegenerative disease caused by
repeated head trauma and is considered to be progressive > CTE
begins insidiously and usually presents over many years (5-10)
following the concussive event or after the patients have stopped
playing sports. Inattention, mood and behavior disturbances,
confusion, and memory loss are typical symptoms. A brain with
CTE exhibits physiological signs such as atrophy of frontal and
temporal cortices, dilation of the lateral and third ventricles,
and thinning of the corpus callosum. Postmortem microscopic
examinations reveal neuronal loss and tau deposition in neurons
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(neurofibrillary tangles; NFTs) and astrocytes. This pathology
involves the cerebral cortex (perivascular areas, deep layers),
white matter, deep nuclei, and the brainstem ¢’

CTE may progress over many years (5 or more) to dementia
and Parkinsonism. Studies have found that multiple mTBIs can
further increase the likelihood of developing CTE; however
further investigation through longitudinal studies is needed.
Increased research suggests that even a single event of moder-
ate to severe TBI leads to higher risk of the development of
Alzheimer’s Disease (AD) in the long-term.*** AD is character-
ized neuropathologically by beta-amyloid neuritic plaques and
NFTs. CTE also shows accumulation of NFTs that are similar
to those of AD, and few, if any, neuritic b-amyloid plaques.*>
Despite the similarities and differences in the biological makeup
of AD and CTE, the results present as symptoms of dementia,
which can lead to a multitude of social difficulties and medical
complications.

Identification and Treatment

High-quality neuroimaging technology is commonly available
(eg, diffuser tensor imaging, susceptibility weighted imaging,
diffusion tensor tractography, and positron emission tomogra-
phy). However, it is unclear whether brain imaging should be
utilized in patients with TBI for acute clinical care, long-term
management prediction, or research. Despite premium neuro-
imaging techniques, there is currently no gold standard to allow
specialists to diagnose concussions and provide a prognosis
for each patient accurately. Efforts have been made to iden-
tify cerebral spinal fluid (CSF), blood, urine, and/or salivary
biomarkers of TBI.*3#° Consequently, acute injury markers
in CSF of moderate-severe TBIs defined in rodents have fair
sensitivity but poor specificity in humans. Currently, there are
no clear acute or chronic biomarkers for mTBI.

Recently, there has been a move to “advance best practices,
policies, and research related to the care of injured service
members.”*! The VA’s treatment of mTBI is called “post-de-
ployment syndrome management” and is a three-tiered process
that includes education, intervention, and goals.*** Education
consists of diagnosis including the explanation of multiple
contributors, such as prognosis from evaluating an individual’s
level of optimism/self-actualization. Education also addresses
health management such as levels of fitness, sleep, diet, and
mind/body wellness. Interventions address maintaining adequate
levels of sleep either naturally or with medication, pain manage-
ment, and behavior management through counseling with the
option of dosing with mood stabilizers. Cognitive rehabilita-
tion with a certified speech-language pathologists addresses
cognitive-linguistic deficits and functional life participation.
The goals include normalization, deinstitutionalization, return
to productivity and activity, and reintegration into social roles
and activities.**

Guidelines for an athlete’s return to school and play are de-
termined based on a consensus from a multidisciplinary team
who monitors the student from the moment of experiencing the
concussive event. Symptom management is the primary tool,
but it is undecided if there should be focal or comprehensive

neuropsychological testing for incidents in this population. It
is considered “best practice” for athletes to return to their sport
once they are symptom-free at rest as well as during physical
activity.**? This means that the athlete is released to participate
in regular activities after passing physical and neurological
tests or screeners. However, previous literature indicate that
symptom resolution and return-to-normal brain function do
not appear to be simultaneous.*

Conclusion
It is imperative for professionals in Hawai‘i to understand the
activities that lead to concussions, the etiology of the injury,
and how it affects the individual for appropriate identification
and treatment. In consideration of return to work, school, and
other life activities, there may be short- and long-term conse-
quences in returning to premorbid activities too soon which
can affect athletes, military personnel, and civilians. There are
laws in place for children and adolescents. In 2012 the Hawai‘i
Sess.Laws Act. 197 (2012 HB 2273) was enacted and required
the development of a concussion awareness program within
public and private schools to provide guidelines for education,
identification, and management of concussion for children and
adolescents between the ages of 14-18 years. The Hawai‘i Con-
cussion Awareness Management Program provides education
and baseline testing to high school students in the state.** Within
the young adult population, the National Collegiate Associa-
tion of America partnered with the Department of Defense in
2014 to study concussion and its impact.* Additional programs
that make efforts to raise awareness of concussions in Hawai‘i
through programs such as the Hawai‘i Neurotrauma Registry,
in which individuals of all ages voluntarily provide information
related to their brain injury.* The registry is beneficial in that it
tracks the reported brain injuries in the state with the intention
to support future legislative change to support increased care.
Furthermore, the Department of Communication Sciences and
Disorders at the University of Hawai‘i is conducting research on
brain injury to investigate high-risk populations in the area of
cognitive-linguistic skills and audiology. Continuation of these
programs will assistin the prevention and better management of
brain injuries in the state by providing appropriate and adequate
resources to those working with high-risk populations. Further
research that investigates the long-term effects of repeated
concussions is necessary as clinicians are seeing an increase
in patients who have sustained TBIs.
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