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ABSTRACT

Pediatric concussion research contains many gaps in the literature and brain trauma on
the developing brain is poorly understood. While concussion awareness is on the rise due to
youth-sport participation being at an all-time high, the current crisis of pediatric concussion is
compounded by the lack of consistency in defining, diagnosing, and treating concussion. These
inconsistencies impose undue stress on the injured and their family. Little has been done to
compile resources in a meaningful way to present information to the relevant audiences, namely
children and families. This thesis aims to answer the research question, “What is the current state
of the field for pediatric concussion assessment and intervention?” and align the resources to
benefit child and family. While research on child brain trauma is limited, sometimes conflicting,
and not readily accessible to the intended audiences, this project is intended to provide clarity on
how concussion is diagnosed, what to expect post-concussion, how to promote wellness, and best
practices for full recovery. A survey of the literature will be utilized to collect, synthesize, and
correlate research. Further is needed to extend this work into creating usability standards.
Variables that influence concussion assessment and recovery are categorized into (a)
symptomology, (b) location of the evaluation, (c) diagnostic technologies, (d) promotion of
healing/return-to-play, and (e) gender differences. A major finding is that during and after
puberty, males and females will experience vastly different susceptibilities to concussion and
recovery durations. Many gaps in the pediatric concussion literature, such as why females are at
higher risk for concussion, need to be further investigated. To promote healing, coordination
must take place with physicians, coaches, teachers, and families after a youth concussion.
Analysis of the research also suggests concussion diagnostic technologies should not be used in
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isolation, rather, a multimodal approach is most widely suggested as best practice following a
pediatric concussion. This repository will serve to align the best practices of pediatric concussion
assessment and intervention. The goal of this project is to empower children and parents with
knowledge on how to identify concussion, what to expect post-concussion, and how to promote
healing. With proper knowledge and intervention, unnecessary prescriptions, referrals, and
aggravation of symptoms may be avoided.
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Chapter 1
Introduction
According to Popermack et al., 2015, traumatic brain injury (TBI) is the leading cause of
death in American children. A blow to the head through daily activities, such as participation in a
contact sport, recreational play, or motor vehicle accidents are some of the reported ways a child
sustains a brain injury. The result of such an event is commonly referred to as a concussion or a
mild traumatic brain injury. This type of brain damage is an obscure condition that has the power
to leave a normally developed child on a spectrum of chronic physical and mental disability,
having a tangible social and economic impact on our society (Popermack et al., 2015).
This thesis aims to remedy this disparity by examining the current state of the field of
pediatric concussion research designed to serve as a preliminary step toward developing a
taxonomy of pediatric concussion. Reviewing literature from the years 2009-2019, the current
research on pediatric concussion will be examined to identify units to include in a classification
system. This repository will serve to align the best practices of pediatric concussion assessment
and treatment. The results will be classified into a set of categories then analyzed to identify gaps
in the research. A necessary component, but out of scope for this corpus is integration of research
in concussion training, specifically to benefit the child and family.
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Background of the Study
Proving to the nation that concussion is a growing danger to our most vulnerable
population, Taylor et al., 2015 demonstrated a more than a fourfold increase in pediatric
healthcare visits for minor head injury and a 30% increase in “concussion” diagnosis seen in the
years from 2007-2013. Although common, concussion is not a blood-testable, easy diagnosis.
Pediatric concussions are lacking in validated research, are extremely variant, and often
characterized by nonspecific symptoms.
While some literature exists on the topic of pediatric concussions, resources may provide
more confusion than peace of mind. While some children are told by their pediatricians to avoid
screen time post-concussion, some are sat in front of a computer by their healthcare provider or
athletic trainer to complete rounds of neuropsychological testing. While some caregivers believe
the notion that an individual must lose consciousness for an injury to be a "true" concussion,
Reams et al., 2014 found that only 10% of concussion victims pass out immediately upon brain
insult.
Bock et al., 2015 acknowledged the reality that the majority of recommendations and
treatments given by pediatricians are rooted in expert opinion rather than vetted research.
According to the authority on sports-related concussions, the Consensus Statement of the 5th
International Conference on Concussion in Sport, held in Berlin, October 2016, the term mild
traumatic brain injury (mTBI) is often used interchangeably with the term concussion. Not
surprisingly, both diagnoses of brain injury are vague and based out of expert opinion rather than
validated criteria.
According to the Centers for Disease Control, a concussion is widely defined as any blow
to the head, face, or neck that results in “force” to the brain (2013). Other means of defining
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concussion include specific mechanisms of injury or class of symptoms. Health care
professionals must diagnose concussion as a syndrome, assessed by the observation of various
behavioral and cognitive deficits (Reams et al., 2014). There are inconsistent data of what a
traumatic brain injury is, how it is sustained, how to evaluate the symptoms, how to treat, and
how to know when to return to play.
There exists a heavy responsibility to universally define and identify youth concussions,
especially in full-contact sport, because sustaining a second head injury before the first
concussion has properly healed may lead to immediate brain swelling and death, known as
Second Impact Syndrome (Quintana, 2016). Furthermore, nearly all documented cases of Second
Impact Syndrome are seen in developing brains, or the pediatric population, suggesting a certain
susceptibility for this syndrome in minors (Barlow et al., 2017).
Ledoux et al., 2017 found that 30% of concussed children will suffer symptoms beyond
one month and go on to develop Persistent Post-Concussive Syndrome (PPCS). Torres et al.,
2019 explained PPCS to be the delayed occurrence of cognitive and physical consequences of
brain injury. Lingering symptoms may be subtle and go unseen during neurologic evaluations
(Torres et al., 2019). Children with PPCS may experience lowered academic performance,
commonly adopt behavioral and emotional changes, and have detrimental consequences proper
development.
Technologies are available to assess pediatric concussion, including neuropsychological
tests, biomarker screening, and observational assessment. While the field of concussion
assessment technology continues to expand, the current crisis of pediatric concussion is
compounded by the lack of consistency in training for the parents, classroom teachers, athletic
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trainers, coaches, emergency medical providers, family practitioners and even pediatric patients
themselves. These inconsistencies impose undue stress on the injured and their family.
Bryan et al., 2016 has recorded that over 44 million American children participate in
sports annually. According to the Centers for Disease Control and Prevention, U.S. children face
1.6-3.8 million sports-related concussions annually. Previous research has noted that 30% of
children aged 5-19 with concussions suffered their injury as a direct result from sports
involvement (Comeau et al., 2019). Millions of our youth are put at risk for injury every day with
little to no concrete research on how to predict the impact of just one traumatic event to the head
or neck of a child.
The complexity of this brain injury crisis continues to provide barriers to appropriate care
and treatment for kids across the world. Gaps in universal concussion intervention and
concussion research itself pose threats to any opportunity of full recovery for pediatric patients.
Adult brain injury research dominates the current literature, leaving the effects of concussion on
the developing brain to be a poorly understood topic (Comeau et al., 2019). While campaigns
have been useful to provide information, and assessment instruments have been developed and
implemented, little has been done to compile the resources in a meaningful way to allow the
multiple groups of stakeholders can easily interpret the information. The following paper reports
the state of the field of pediatric concussion assessment to promote child brain health and address
the shortfall of inconsistent definitions, unpredictable recovery outcomes, and family strain.
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Problem Statement
Information about pediatric concussion is lacking in robust scientific research, is at times
conflicting, and isn’t readily available for the intended audience. Due to the fact that most the
physiological impact studies regarding concussion are conducted on adults with fully developed
brains, there is a monumental lapse in the literature regarding the influence of neural and
cognitive development on brain injury recovery, quality of life post-concussion, and presentation
of concussive symptoms (Comeau et al., 2019). This paucity in the literature creates barriers to
consistent documentation, appropriate intervention, and comprehensive rules for returning a
child to sport and school. There isn’t one universally accepted definition of concussion, resulting
in an even more convoluted assessment and intervention process (Comeau et al., 2019). Aligning
the current state of the field on pediatric concussion literature will provide all stakeholders the
necessary tools to make informed decisions.
Purpose of the Study
This thesis aims to align the resources on pediatric concussion and present the literature
in a meaningful way for the implicated stakeholders, especially effected children and families.
While research on child brain trauma is limited, sometimes conflicting, and not readily
accessible to the intended audiences, this project is intended to provide clarity on how
concussion is diagnosed, what to expect post-concussion, how to promote wellness, and best
practices for full recovery.
Research Questions
What is the current state of the field for pediatric concussion assessment and
intervention? The goal of this thesis is to compile the most recent and relevant information
regarding pediatric concussion rates, recovery, symptomology, and concussion diagnostic tools
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to provide a useable database for use by families burdened with a pediatric concussion. This
document is meant to encourage children to be honest and clear about their experience during
concussion recovery and to document symptoms to the best of their ability. This presentation of
the literature is also posed to empower families with knowledge about the potential physical and
emotional trauma a child may experience post-concussion. With the proper tools, children and
families may be more apt to quickly identify a concussion and advocate for proper intervention.

Conceptual Framework
Identified by Grubenhoff et al., 2010, early identification of concussion has two powerful
benefits. Children educated on the expected post-concussive symptoms tend to report fewer
symptoms than children who are not educated on the potential disease outcome. Presenting a
comprehensive list of symptoms to pediatricians with objective evidence may encourage swift
attention to the problem. As complexity is woven into each case of pediatric concussion, it is
common for concussion symptoms to overlap with symptoms associated with attentional
disorders, mood disorders, and learning disabilities (Grubenhoff et al., 2010).
Giving parents and children the tools to understand what a concussion is and how it
manifests may ease anxiety and promote healthy coping styles. If parents are taught to expect
certain transient behavioral changes in children exposed to head trauma, they may be quick to
identify a concussion and slow to worry about newly developed disabilities. Knowledgeable
parents and self-reporting children coming together to approach dialogues with pediatricians may
minimize unnecessary prescription of medicines and design an appropriate intervention for
return-to-play and return-to-learn.
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Nature of the Study
Personal experience with pediatric concussion fuels this research interest. There lacks
any alignment of trustworthy resources to make sense of pediatric concussion assessment and
recovery strategies. Goal: To survey the current state of the field of pediatric concussion,
synthesize the information, and present research in a meaningful way to those affected by
pediatric concussion.
While sparse, and at times conflicting, literature exists on pediatric concussion, minimal
resources are available to condense the accurate and relevant information intended for concussed
children and their families. Figures and tables emended into this thesis are meant for quick and
easy use by the target audience.
A survey of the current pediatric concussion literature will be thoroughly discussed and
presented in a comprehensive and useable manner. Reported information from years 2009-2019
is intended for children and families burdened with pediatric concussion. Literature was found
via google scholar and Penn State Library databases. A meta-analysis is reported on pediatric
concussion diagnostic technologies, including computerized neuropsychological tests, sideline
assessments, postural stability assessments, and physical or biomarker assessments.

Definitions
The pediatric concussion diagnostic technologies outlined in the literature review are
briefly defined and explained in the appendices. Examples of diagnostic technologies are also
available in the appendices.
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Assumptions
The structuring of this thesis is under the assumption that children and families are both
heavily impacted by pediatric concussion and struggle to gather consistent and accurate
information in the hopes of promoting recovery for the injured child. This project also assumed
those effected by pediatric concussion are actively seeking literature to aide the recovery process.

Scope and Delimitations
The method of study employed is a survey of the literature from 2009-2019 with queries
that included the following journals: British Journal of Sports Medicine, Child’s Nervous
System, Cureus Journal of Medical Science, International Journal of Sports Physical Therapy,
JAMA Pediatrics, Journal of Athletic Training, Journal of the American Academy of Physician
Assistants, Journal of Neurosurgery, Journal of Neurotrauma, Journal of Pediatrics, Journal of
Pediatric Health Care, Pediatrics, Pediatric Annals, Prevention, Pediatric Neurology, Seminars in
Pediatric Neurology, Sports Health, Therapeutic Advances in Neurological Disorders, and World
Neurosurgery.
Authors on pediatric concussion statistics, reported symptoms, recovery duration, returnto-play, return-to-learn, the influence of preexisting behavioral-cognitive disorders and gender on
recovery, concussion mechanism, and pediatric concussion diagnostic tools were all considered
for this literature review. Relevant research was searched for with an inclusive scope in the hopes
of providing a comprehensive reference for pediatric concussion susceptibility, mechanism of
action, diagnosis, symptomology, and recovery.
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A meta-analysis was performed on eight different pediatric concussion diagnostic
technologies, including the Immediate Post-Concussion Assessment and Cognitive Test
(computerized neuropsychological evaluation), the Sport Concussion Assessment Tool (noncomputerized neuropsychological evaluation), the Standardized Assessment of Concussion
(sideline assessment), the Romberg Test (postural stability test), the Balance Error Scoring
System (postural stability test), the Post-Concussion Symptom Scale (symptom assessment),
salivary microRNA (biomarker screening), and neuroimaging (CT and MRI).
Literature on adult concussion and training protocols for administration of pediatric
concussion diagnostic testing are both out of scope for this thesis. A need for structured
intervention to benefit child and family is seen in this literature review but is out of scope for this
project. This thesis is meant to provide transferable helpful knowledge about pediatric
concussion for children and parents.

Limitations
A major limitation to this study is the fact that concussion research is dominated by
subjects with fully developed brains. The goal of this study is to compile the current and most
relevant pediatric concussion literature with the future goal to make this information accessible
to children and families. However, without the work of previous authors on this subject, the
survey of the literature will be lacking. Identified gaps in the literature prevent a full and
comprehensive message to the intended audience.
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Significance of the Study
Creating a repository on the current pediatric conclusion literature will increase
accessibility of useful knowledge to all stakeholders, specifically, parents and children. While
information exists, it isn’t readily available, comprehensive, or presented in a clear way to
benefit the intended audiences. Quick and easy access to relevant literature will improve
identification, intervention, and outcome for concussed children and their families.

Significance to Practice
According to Comeau et al., 2019, there is an obvious gap in the literature surrounding
pediatric concussion diagnosis and recovery planning. It will be beneficial to all stakeholders,
specifically children and parents, to align the research in a meaningful way. This project sets the
stage for future research to formulate and implement proper intervention. This project sets the
stage for the future research necessary to fill the lapses in vetted literature, create an ageappropriate intervention for brain injuries, and understand the impact of concussion on the
developing brain.

Significance to Theory
Aligning the available literature surrounding pediatric concussion will identify gaps in
the research, address common misconceptions regarding concussion, and provide an opportunity
to develop a taxonomy to inform children and parents. Identifying gaps in pediatric concussion
assessment and intervention literature is the first step towards producing the necessary research.
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The paucity in the pediatric concussion literature may not be due to the complexity of the disease
but rather the lack of understanding where research needs to go next. Identifying inconsistencies
regarding documenting and defining concussion presents the need for a thorough investigation of
commonly used criteria to enable the development of universal standards. Having reliable
resources to provide to children and families will increase knowledge and help to mediate
previous confusion surrounding concussion.

Significance to Social Change
The production of a repository of pediatric concussion literature may ease undue stress
placed on families when burdened with brain injury. This project aims to provide the
groundwork that will give parents clarity on physical and emotional changes apparent in their
children. As pediatric concussion symptoms commonly overlap with symptoms associated with
attentional disorders, mood disorders, and learning disabilities (Grubenhoff et al., 2010),
identifying and understanding concussion may limit unnecessary physician referrals or
prescriptions.

Summary and Transition
Brain trauma is a common, yet deadly, diagnosis to children in the United States.
However, fundamental characteristics about pediatric concussion disease process and outcomes
are poorly understood. Pediatric concussions are often diagnosed based on expert opinion as
opposed to thorough research (Bock et al., 2015). Available research is heavily rooted in adult
brain injury, leaving the impact of concussive blows to a developing brain largely a mystery.
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When looking for tools on how to heal, children and parents may be told conflicting facts by
different healthcare providers or sporting officials. Current literature lacks basic cohesiveness,
such as universal definitions and interventions for pediatric concussion.
Without proper identification protocols, children who play contact sports are at increased
risks for repeated head traumas. Receiving two consecutive concussions, before the first
concussion has properly healed, may lead to immediate brain swelling and death, known as
Second Impact Syndrome (Quintana, 2016). This phenomenon is documented in almost only
pediatric patients (Barlow et al., 2017) While millions of children play sports annually, there is
an obvious need to structure an appropriate intervention for children facing concussion.
The following literature review is intended for stakeholders, specifically children and
families, with the goal to promote understanding and healing. Literature surrounding
symptomology, remedies to promote healing, sideline and emergency room evaluation, pediatric
concussion diagnostic technologies, and gender influences on concussion are surveyed.
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Chapter 2
Literature Review
This literature review aims to remedy the disconnect between available research and the
applicable audiences. Compiling relevant data to the implicated stakeholders, especially children
and parents, will establish the need for structured intervention. Symptom development, modes of
evaluation, best practices to promote healing, diagnostic technologies, and gender differences in
concussion progression are outlined in this review. Reported information will provide clarity to
the intended audiences.
When diagnosing and assessing concussion, there is no one standard approach utilized. It
is quite common for a pediatric patient to undergo various diagnostic technologies that can
evaluate the many different types of concussive symptoms, including cognitive and somatic
dysfunctions (Barlow et al., 2011). Comeau et al., 2019 found that over the acute phase
following head trauma, symptoms tend to evolve, worsen, and can manifest differently from
patient-to-patient. Adding complexity to already poorly understood disease, concussed patients
may present asymptomatic during initial evaluations.
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Literature Search Strategy
The method of study employed is a survey of the literature from 2009-2019 with queries
that included the following journals: British Journal of Sports Medicine, Child’s Nervous
System, Cureus Journal of Medical Science, International Journal of Sports Physical Therapy,
JAMA Pediatrics, Journal of Athletic Training, Journal of the American Academy of Physician
Assistants, Journal of Neurosurgery, Journal of Neurotrauma, Journal of Pediatrics, Journal of
Pediatric Health Care, Pediatrics, Pediatric Annals, Prevention, Pediatric Neurology, Seminars in
Pediatric Neurology, Sports Health, Therapeutic Advances in Neurological Disorders, and World
Neurosurgery. Journals were accessed via google scholar and Penn State Library databases. Key
search terms: pediatric concussion, concussion diagnostic technologies, gender differences on
concussion, preexisting condition influence on concussion, symptoms of concussion, return-toplay, return-to-learn, computerized neuropsychological tests, sideline evaluation, emergency
room evaluation.

Conceptual Framework
The current literature on pediatric concussion assessment and management holds many
gaps in the research and spreads common misconceptions. As previously mentioned, the
outdated concussion diagnostic criteria of “losing consciousness” is misinformation (Reams et
al., 2014) that may hinder healing rather than promote it. Children and parents may struggle to
trust providers who, as previously mentioned, declare screen time needs to be minimized, yet
still sit the child patient in front of a computer for neuropsychological testing.
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This literature review is out of necessity for synthesizing accurate and up-to-date
literature and presenting it to individuals who would benefit from the knowledge, namely
children and parents. Creating usability of easily understood tables and figures will promote
healing and help to inform families.

Literature Review
Mechanism of Concussion
A concussion is not just a behavioral issue or an excuse from school, but pathophysiology
of the brain. Reams et al., 2014 has a thorough outline of the physical changes that occur in the
brain after a significant impact to the head or neck, including an abrupt release of
neurotransmitters and various ions that flood the brain. This change in neurochemistry results in
an increased concentration of calcium and potassium, inside and outside of brain cells,
respectively. This insult to the brain ultimately leads to cerebral glucose hypometabolism, a
disease-state that results in inequity between energy supply and demand in the brain. Concussion
may also cause global mechanical shearing and tearing of axons where white matter and gray
matter link in the brain. Inflammation, swelling, calcium accumulation, and blood-brain barrier
damage may follow a concussion. In the severest concussions, an individual could experience
neuronal death. Metabolic and clinical symptoms may persist, typically, for about a month.
Damage tends to fully resolve and return to pre-concussive function (Reams et al., 2014).

Symptomology
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Figure 1. Common symptoms experienced initially upon head injury and during the acute
phase of recovery are headache, light and sound sensitivity, vertigo and lightheadedness, nausea,
and cognition dysfunctions (Reams et al., 2019). Delayed symptoms said common to evolve “in
the days to come” were found to be difficulties concentrating, irritability, mood disorders like
anxiety or depression, insomnia, and other sleep disorders, psychomotor deficits, and finally
short-term memory loss (Reams et al., 2019). While the previously mentioned symptoms, both
initial and delayed, are common and may present within hours to days of concussion, there are
serious signs of major brain damage that may occur during the same time. Comeau et al. in 2019
outlined "red flags" that should alarm coaches and parents that a student must be removed from
play and given medical attention as soon as possible. Illustrating the importance of continual
monitoring for hours to days after suspected concussion, presentation of the following symptoms
may evolve during the acute phase of recovery and are signs for immediate hospitalization: loss
of consciousness, neck tenderness or pain, neurologic symptoms (weakness, tingling, numbness,
burning) in extremities, severe or worsening headache, convulsion or seizure, vomiting,
worsening cognitive state, and excessive agitation or combative behavior (Comeau et al., 2019).
Figure 2. Howell et al., 2019 found the following variables to be associated with longer
overall symptom duration: abnormal Romberg Test, amnesia, attentional difficulties, confusion,
dizziness, headache, high frequency of headaches, headache severity, history of concussion,
fatiguing easily and often, forgetfulness, and preexisting mental health issues. Barlow et al., 2011
found the following preexisting factors to be associated with longer overall symptom duration:
ADHD, anxiety, brain surgery, depression, headache, learning disabilities, meningitis, and
seizures.
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Location of Evaluation
Sideline Evaluation

The literature agrees that fast identification and medical assessment of head trauma may
result in shortened recovery time. Pediatric brain injuries are often evaluated immediately on the
sidelines of play and in the emergency room. Outlined by Comeau et al., in 2019, a newly
injured child may receive the following sideline assessment: a primary evaluation, a secondary
evaluation, thorough history, and finally, symptom evaluation.
The primary evaluation of a child athlete who has just suffered a blow to the head is
commonly focused on ensuring the safety of the scene and checking for red flags of lifethreatening injuries. First and foremost, the medical provider must safely remove the child from
play and bring them in an environment free from distraction or potentially dangerous situations.
At that point, basic life support may be administered, for example, clearing airways and
evaluating circulatory status. Next, obvious signs of a cervical spine or severe brain trauma must
be examined, for example, spinal deformities, paralysis, and various cognitive dysfunctions.
Signs that call for removal from play and transport to the hospital include but are not limited to
worsening cognitive status, vomiting, violent disposition, loss of consciousness, neck pain,
numbness/tingling/weakness of the limbs, visual disturbances, convulsions, and finally seizure.
Once the patient is in a safe scene and is declared as stable, his or her alertness should be
evaluated. Simple orientation questions like, "Where are we?" or "Who scored the last point?"
may be combined with the Glasgow Coma Scale (GCS) to assess motor, verbal, and ocular
acuity. The primary evaluation techniques are not just completed once to report a stagnant
review of the injured child, rather, the child's basic cognitive and physical state should be
continually evaluated because symptoms are dynamic and can evolve.
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The secondary evaluation during a sideline evaluation was developed to identify any
suspicion for concussion rather than rule out a concussion. Measures of cognitive or neurological
dysfunction are key when a patient is suspected of sustaining brain trauma. During this stage of
assessment is where finding that safe and distraction-free location ensured in the primary
evaluation is crucially important. Athletes should feel free to express symptoms truthfully, which
may not be the case surrounded by teammate pressure and coach expectations. Minimizing visual
and auditory distraction is also important when assessing cognitive state. The ChildSCAT5,
which will be analyzed as a diagnostic technology later in this thesis, is widely used for cervical
spine integrity evaluation, memory and cognitive impairments, balance disturbances, and
symptom evolution. At this point in the overall sideline assessment, the medical examiner should
feel fairly familiar with the case and have built a strong foundation for eventual diagnosis.
Knowledge of the patient’s history is extremely powerful when searching for identifying
symptoms for concussion. Previous sub-concussive or recent concussive blows to the head may
suggest a certain susceptibility to longer-than-expected recovery or delayed complications.
Current medications, pre-injury cognitive deficits, like learning disabilities, attention deficit or
hyperactive disorders, and behavioral background, like mood disorders, should be established to
illuminate potential risk factors to recovery. Along with educating him or herself on the
background of the patient, the medical examiner should use this platform as an opportunity to
educate the patient on the injury itself. Patients with more robust knowledge about what to
expect during recovery may decrease the likelihood of anxiety and depression experienced with
such a complex and illusive injury.
Finally, the end of the sideline examination is meant for the current diagnosis. It is
important to note that many traumas and physical states can present with diagnostic concussion
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symptoms. For example, child athletes experiencing physical states such as dehydration or with
pre-existing cognitive impairments like attention-deficit disorders may, on the surface, present
with the same symptoms as a concussed counterpart. As some patients may look asymptomatic
at first, the medical examiner must keep a close watch on the evolution of symptoms to prevent
any premature return-to-play. Fear of discrimination on the team is another aspect of symptom
presentation and subjective report that must be considered by the medical examiner. Pressure
from coaches, parents, or teammates may influence an injured child to deny certain subjective
symptoms known to go hand in hand with a concussion, for example, headache. Gender of the
injured athlete is also an important factor in assessing subjective symptoms, as males tend to
underreport symptoms more than females. Formulating a biographical sketch on the patient, in
conjunction with the reported findings and symptomology, will greatly increase the medical
examiner's ability to correctly diagnose the injured child athlete (Comeau et al., 2019).
While it is impossible to prevent every youth concussion, it is possible to better identify
and monitor concussions in the pediatric population. According to the 5th international
conference on concussion of 2016, professional neuropsychologists should administer and
interpret neuropsychological concussion assessments, return-to-play decisions should be in the
hands of medical professionals, and any one or more of the classical concussive symptoms
(sleep, somatic, physical, balance, behavioral, and cognitive disturbances) should make one
suspect possible concussion (McCrory et al., 2017). Unfortunately, neuropsychological prescreening is not mandatory, premature return-to-play is evident in Second Impact Syndrome, and
often athletic trainers are responsible for evaluating the tests which are formulated for
neuropsychologists.
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Emergency Room Evaluation

Pediatric head traumas are common, taking up 600,000 emergency room (ER) beds
annually in the United States (Grubenhoff et al., 2010). Boutis et al., 2015 reported about half of
all children aged 5-17 years old, presenting with head trauma in the ER, are injured in
recreational activities while half are injured during sport. There is also conflicting evidence
illuminated by Boutis et al., 2015 that non-sports related concussed pediatric patients receive the
same or less advice on return-to-play guidelines.
Boutis et al., 2015 explored the risk factors that are associated with pediatric head
traumas to be diagnosed as concussions in the ER. An interesting finding is that children who
come into the ER one or more days after suffering head trauma are more likely to be diagnosed
as being concussed (Boutis et al., 2015). This finding may be due to the burden of concussion
symptoms lingering for multiple days, which convince families to take the injured child to the
hospital.
When comparing physician-diagnosed pediatric concussions with the International
Consensus Conference on Concussion criteria, it was found that concussions may be severely
under-diagnosed in the emergency room (Boutis et al., 2015). Of the 485 children analyzed in the
Boutis et al., 2015 cohort study, 200 patients were diagnosed with concussions by emergency
room physicians while 443 patients would have been considered concussed by the Consensus
guidelines (Boutis et al., 2015).
Figure 3. Boutis et al., 2015 outlined several factors that are shown to be associated with
children getting diagnosed as “concussed” upon ER visit due to head trauma. Risk factors
include: being 10-18 years old, history of concussion, receiving the head trauma one or more
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days before presenting in the ER, presenting with three or more symptoms, amnesia, dizziness,
mood or behavioral changes, nausea with or without vomiting, and sleep or visual disturbances.
Diagnostic Technologies
Eight pediatric concussion diagnostic technologies were included in the meta-analysis of
this project. These modes of assessment measure different types of classic concussion symptoms
(sleep, somatic, physical, balance, behavioral, and cognitive disturbances) and are meant to be
utilized in different contexts (pre-injury, sideline, medical examiner’s office). Lynall et al., 2013
found athletic trainers to diagnose concussion via clinical examinations, the Standardized
Assessment of Concussion tool, the Romberg tests, and finally computerized neuropsychological
methods in that order.
In general, neuropsychological testing allows post-concussive cognitive disruptions to be
compared to a pre-concussion cognitive standard. Although reporting variable reliability, the
comparison between pre-and post-injury scores may provide some insight into the patient’s
cognitive deficits that may otherwise go unnoticed in initial sideline assessment. Again, with
varying reliability, pediatric concussions may also be assessed by traditional tools, like
neuroimaging, symptomology, and biomarker evaluation.
As previously referenced, the Consensus Statement on pediatric concussion states it is the
medical professional to design an appropriate return-to-play and return-to-learn protocol for
concussed students. If a parent or child feels pressure to return to sport prematurely or that the
patient is suffering more than is documented by the athletic trainer, it’s imperative to dialogue
with the pediatrician.
ImPACT. In agreement with previous research, Resch et al., 2013 found the ImPACT
method to have variable test-retest reliability, noted as “reliably unreliable." A major finding by
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Resch et al., 2013 was that verbal memory and visual memory have poor test-retest reliability,
while reaction time and visual motor speed had high test-retest reliability. This diagnostic tool
was found to be 81.9% sensitive and 89.4% specific (Barlow et al., 2011), meaning the tool is
known to identify just over 80% of total concussions and about 20% of concussions will go
unidentified, while about 90% of individuals will correctly be cleared of concussion and about
10% of individuals will have undiagnosed concussions, respectively.
In a study by Covassin et al., 2009, a large quantity of U.S. athletic trainers employed
baseline computerized neuropsychological testing to their athletes, utilized highest in football,
but only half of the athletic trainers verify the validity of the scores. The ImPACT administration
manual comes with instructions for ensuring validity and screening for athletes who are too
distracted to be tested accurately or athletes who are intentionally trying to score poorly on the
test (Covassin et al., 2009). Unfortunately, these helpful tips usually go ignored by individuals
administering the test (Covassin et al., 2009).
Minimal training and qualification to administer and score computerized
neuropsychological testing may create some barriers to accurate diagnosis of pediatric
concussion. Although computerized protocols were intended to be user-friendly, the testing has
been modeled after pen-and-paper examinations that require thorough training and experience to
administer and score (Covassin et al., 2009). Many athletic trainers admit to ignoring ImPACT
recommendation for neuropsychological workshops, which may prevent accurate scoring and
interpretation of this protocol (Covassin et al., 2009).
For ImPACT testing to be reliable, it matters when the post-concussive test is
administered. In the Covassin et al., 2009 study, it was shown that only about half of athletic
trainers administer post-concussive testing one-two days after injury. Currently, the literature
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accepts two schools of thought when scheduling post-injury tests. The most popular approach is
a fixed time protocol may be implemented, for example, testing two days post-injury, one-week
post-injury, and so on until the athlete is asymptomatic (Covassin et al., 2009). This continual
testing protocol allows cognitive improvements or changes to be monitored throughout recovery.
Repeated testing should be spaced far enough to avoid any practice effects but close enough to
avoid natural cognitive maturation influence (Resch et al., 2013).
A continual evaluation may protect athletes from being prematurely returned-to-play, as
concussed athletes should never be cleared for full activity if they are presenting with any
symptoms. On average, ImPACT guidelines are aptly being followed, as 86% of athletic trainers
refuse to return a clinically impaired athlete, according to the ImPACT results, even if the athlete
appeared asymptomatic (Covassin et al., 2009). Additionally, 95% of athletic trainers refuse to
return a symptomatic athlete to sport even if their cognitive scores return to baseline (Covassin et
al., 2009). Athletes should not be returned to full activity with any clinically relevant symptoms
or abnormal neuropsychological testing.
ChildSCAT/AdultSCAT. The SCAT protocol is only to be used by medical professionals
and includes thorough instructions for both administration and score interpretation (Davis et al.,
2017). Specific guidelines for these tools may improve the accuracy of concussion diagnosis.
However, no data is currently available on the newest edition of the SCAT, the SCAT5, to
ensure higher reliability than the previous SCAT, the SCAT3 (there is not SCAT4) (Davis et al.,
2017).
Older females (ages 10-13) were shown to report more total symptoms than younger
females (ages 5-10) post-concussion. However, previous work shows that the SCAT3 identified
more symptoms in younger females when compared to older females (Echemendia et al., 2017).
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A reason for more reporting in older children is the simple fact that older children have more
words and ways to express complex feelings and symptoms than their younger counterparts. The
ChildSCAT may provide more insight into symptomatology in children with poor
communication skills.
The Rapid Neurologic Screening protocol allows symptoms like blurred or double vision,
difficulty swallowing, slurred speech, and slowed response to be apparent. Having a child read
aloud would reveal many visual and speech impairments. If the child could not read before
receiving the blow to the head, he or she is presented with a picture and asked to describe what is
shown.
When assessing cognitive deficits, the age of the child using the SCAT tool has a great
influence on the score. For example, the cognitive tasks of rehearsing the months of the year in
reverse order were deemed too challenging for 12-year-olds and younger, so the protocol was
changed to rehearse the days of the week in reverse (Echemendia et al., 2017). It was postulated
that some younger children at baseline have difficulties reversing four-digit numbers and
recalling the date correctly before any concussive blows to the head (Echemendia et al., 2017).
The SCAT protocol includes guidelines for limiting symptoms with increases in mental
effort. In conjunction with a stepwise return-to-learn, the SCAT section for return-to-play
identifies the need for sport return to be gradual and without active symptoms. Parental reports of
concussion symptoms and the impact of recovery may be requested to supplement the SCAT
data. Keeping parents involved in the assessment and using parents as a tool to articulate
symptoms helps to document the recovery accurately. The ChildSCAT and AdultSCAT 5th
edition need more extensive research on its validity to accurately assess concussive brain
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damage. Currently, expert opinion drives the utility of the SCAT as opposed to thoroughly vetted
studies (Comeau et al., 2019).
SAC. An example of the SAC is available in the appendices of this thesis. It has been
widely agreed upon that the Standardized Assessment of Concussion tool may not be used alone
in pediatric concussion diagnosis but rather used in conjunction with other diagnostic
technologies. The importance of subjective reporting has been stressed throughout this entire
survey of the literature. However, it still must be one piece of a larger puzzle of concussion
assessment. This technique takes about five minutes to complete.
The SAC technique has several domains for different age groups, including 6-8, 9-11, 1214, and 15-18 years (Grubenhoff et al., 2010). Providing a place for children of all ages to
describe symptoms, especially subjective and invisible symptoms, is a step in the right direction
to avoid the limitations of language and articulation barriers. For example, younger children
were asked if they, “felt like throwing up,” as opposed to if they, “felt nauseous” (Grubenhoff et
al., 2010).
The scoring of this technique may be difficult to interpret without baseline data available
(Comeau et al., 2019) and may be the cause of the variable sensitivity and specify documented in
the literature. This tool is normally used on the sideline; therefore, having comparable baseline
data may not be feasible or possible (Comeau et al., 2019). This illuminates a benefit of
maintaining continuity between provider and patient. If a physician, athletic trainer, or even
parent has a strong understanding of the child’s pre-injury cognitive state, they may help to
mediate and interpret SAC scores.
As with the SCAT, parental reporting and perspective of the child’s recovery status are
implemented with the SAC tool. Parents can act as powerful resources to document changes in
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the child that go unnoticed by traditional neurologic exam or even unnoticed by the child.
Families and familiar physicians may also play a key role in helping translate the recovery
experience to the child’s school and team.
Romberg Test. Howell et al., 2019 found the Romberg Test to be independently
associated with a longer duration of concussion symptoms. However, it is difficult to determine
with 100% certainty postural dysfunctions seen by this technique are from a physiological
deficit, noncredible effort by the child, or exaggerated movements while performing the test
(Howell et al., 2019). It may be worth the coaching staff and parents to dialogue with the child to
ensure all tests are done to the best of the child’s ability and that all tests are taken seriously. This
test is found to be as common to an athletic trainer as other standardized diagnostic approaches,
like neuropsychological tests and the SAC (Howell et al., 2019). This technique is cheap and
easy to administer, so a is it likely a child will come across this test at some point during their
brain trauma assessment.
BESS. The Balance Error Scoring Test is widely used as a sideline approach to postural
balance assessment because it is portable and quick to administer (Comeau et al., 2019). Comeau
et al., 2019 found the overall reliability of this tool as a diagnostic technology to be poor. This
technique includes observing a child’s posture following a head injury while playing a sport.
Factors like fatigue have been shown to disrupt the balance in healthy children without any brain
trauma (Comeau et al., 2019). If a child just exerted massive amounts of injury and sustained a
trauma to the head, how do you know a positive BESS is from a possible concussion or simply
fatigue?
If a player received a lower-extremity injury along with a head injury or suffered a
previous lower musculoskeletal injury, that may impact their BESS score as well. Comeau et al.,
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2019 mentioned that a child’s BESS must be extreme for it to be considered a true sign of brain
injury and not just human error on behalf of the administrator. There is also the potential for a
child to intentionally perform poorly on exams.
While Comeau et al., 2019 expressed concerns of low sensitivity at 34% and confounding
variables, research has suggested the BESS has higher specificity at 91%. Changes in balance
should not be overlooked in children facing possible concussion. Since postural instability is
seen to be associated with longer concussive symptom duration in both ER and sports medicine
settings (Howell et al., 2019), the data from the BESS technique is beneficial to have in
conjunction with a multimodal approach to brain trauma assessment. If children are struggling to
maintain balance after a hard hit at practices or games, then parents, sporting officials, and the
children themselves must address the symptoms.
PCSS. An example of the PCSS is available in the appendices of this thesis. The PostConcussion Symptom Scale reports the presence and severity of 22 distinct symptoms over
somatic, cognitive, affective, and sleep dysfunction categories. This subjective reporting protocol
was included in the SCAT5 (Comeau et al., 2019). Barlow et al., 2011 found that no baseline
PCSS score (including BESS or ImPACT) existed to accurately predict the development of
Persistent Post-Concussive Syndrome. Previous research suggests that lingering symptoms may
not be associated with the initial severity of symptoms at all (Barlow et al., 2011). The literature
also points to the fact that Persistent Post-Concussive Syndrome, just like concussion itself, is
diagnosed based on expert opinion and collection of symptoms (Barlow et al., 2011). Research
must decide on universal standards and terminology, so it is possible to use a tool to accurately
predict the development of Persistent Post-Concussion Syndrome.
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Neuroimaging. Functional MRI (fMRI) has been used to track brain changes throughout
one high school football season (Davenport et al., 2016). Davenport et al., 2016 showed an
fMRI’s utility in finding a positive correlation with changes in brain activity during working
memory and the number of received sub-concussive blows to the head. This finding carries a
particular impact because these males were said to be asymptomatic for a concussion or
cognitive deficits by traditional clinical examination. The most affected areas of the brain were
said to be frontal, cerebellar, and occipital areas (Davenport et al., 2016). Areas shown to be
most affected were consistent with where football players normally receiving the most hits, to
the front-top part of the skull (Davenport et al., 2016). This finding suggests young children are
consistently suffering blows to the front of the head during a contact sport, experiencing brain
shake and rebound, and damaging the brain region of primary injury, frontal cortex, and the brain
region of secondary injury, cerebellum and occipital cortex.
Salivary miRNA. The recent interest in biomarkers as diagnostic tools for youth
concussion stemmed from the issue that most standard concussion-assessment tools are based off
adult-brain injury protocols (Hicks et al., 2017). While it is known that a developing brain and an
adult brain have variable biochemical characteristics, such as skull shape and ion concentration,
and variable concussion recoveries and outcomes, it is not feasible to administer and score
numerous age-specific diagnostic tools. There is a need for an inexpensive, objective way to
assess youth-specific concussion.
In the pediatric population, Johnson et al., 2018 found five miRNA molecules that were
able to predict post-concussive syndrome status with an accuracy of 85% and three miRNA's that
were associated with specific symptoms (Johnson et al., 2018). miRNA's miR-320c-1, miR-133a5p, miR-769-5p, let-7a-3p, and miR-1307-3p identified prolonged concussive symptoms (longer

29

than 14 days), while miR-320c-1, miR-629, and let-7b-5p were associated with memory
difficulty, headaches, and fatigue, respectively, four weeks post-injury (Johnson et al., 2018).
Currently, there is no other objective and easy tool that can identify post-concussive syndrome in
the pediatric population. Measuring salivary miRNA concentrations has the potential to mediate
return-to-play and return-to-learn accommodations and may even help ease parental concerns
regarding the child’s symptom duration (Johnson et al., 2018). For example, lower salivary
levels of miR-320c seen in children with post-concussive syndrome are associated with
prolonged attention deficits (Johnson et al., 2018). Utilization of this measure would help a
pediatrician advocate for a child who may need an extra few days off from school or continued
excuse from his or her sport. The objective measure of a tangible biomarker could also be
comforting as to why an individual has prolonged symptoms long after the average individual
returns to normal post-concussion.
Figure 5. The ImPACT diagnostic approach is a computerized, neuropsychological test
that medical professionals and athletic trainers use to evaluate the attention, memory, reaction,
and impulse control of student-athletes with head trauma. Tasks of the ImPACT include
immediate and delayed word recall, immediate and delayed design recall, a symbol-match test, a
three-letter recall, the “X’s and O’s” test, and a color match task (Resch et al., 2013). Measurable
outcomes using this diagnostic tool are visual and verbal memory deficits, visual motor speed,
impulse control, and reaction time. Due to its nature as a neuropsychological test, pre-concussion
assessment, if utilized in schools, may provide a baseline to compare post-concussive scores.
Figure 5 cont. Through surveys, Covassin and colleagues found that athletic trainers in
American high schools and colleges utilize ImPACT baseline pre-testing 88.4% in football,
78.8% in women’s soccer, 71.2% in men’s soccer, 68.5% in men’s basketball, 66.4% in
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women’s basketball, 42.6% in baseball, and 4.3% in softball (2009). This tool is believed to be
81.9% sensitive and 89.4% specific (Barlow et al., 2017). This technology has variable test-retest
reliability. The visual motor speed and reaction time tests were seen to have greater test-retest
reliability than verbal or visual memory tests (Resch et al., 2013).
Figure 5 cont. The ChildSCAT and AdultSCAT, intended for ages 5-12 years and 13+
years, respectively, utilizes physical and cognitive evaluations to assess the head injury. The
creators of SCAT set out to provide one tool, for medical-professional use only, to assess many
aspects of concussion, namely neurologic and cognitive dysfunction, abnormal balance, and
memory deficits (Echemendia et al., 2017). The tasks associated with the SCAT are symptom
assessments, both self-reported symptoms from the child and observed symptom reports from
parents, word recall tasks with lists of five words for younger children and list of ten words for
older children, child and parent scaled scores of overall functioning (0-10 scale), graded lists of
digits to recall backwards, balance tasks, with additional single leg stances for children aged 1012, Rapid Neurological Screening (RNS), and finally both return-to-learn and return-to-play
protocols (Echemendia et al., 2017 & Davis et al., 2017). The return-to-learn portion of the
evaluation is intended to inform the patient that, in coordination with the academic staff and
healthcare providers, accommodations may need to be made for safe return to school (Davis et
al., 2017).
Figure 5 cont. The RNS protocol was added to the newest edition of the ChildSCAT and
was implemented for evaluation of gait and balance disturbance, ocular dysfunction,
coordination, and reading for older children (Davis et al., 2017). Simply observing the child's
ability to read allows the examiner to assess the integrity of the patient's cranial nerves (Davis et
al., 2017).This technology is believed to be at least 96% sensitive and 84% specific when pre-
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concussion scores are available to compare to post-concussion scores, or 83% sensitive and 91%
specific without comparable baseline data (Comeau et al., 2019). SCAT is most effectively used
on the sideline, or immediately upon brain trauma, and loses its utility as a reliable concussion
assessment after about 3-5 days post-injury (Echemendia et al., 2017).
Figure 6. The Standardized Assessment protocol is used for screening children with
suspected concussions for specific symptoms on the field after a head collision. The SAC, which
can be completed under five minutes, assesses an athlete’s memory, orientation to time,
concentration, self-reported symptoms, self-reported symptom severity, parental report of
amnesia, and parental report of loss of consciousness are all cataloged. Simple tasks like
immediate and delayed recall are utilized to evaluate the injured athlete’s memory. Simple
questions about time and place are used to identify any confusion or orientation deficits the
athlete may have.
Figure 6 cont. Previous studies have shown the SAC tool to be 80-94% sensitive and 7691% specific (Comeau et al., 2019). Comeau et al., 2019 have identified scoring of this test is
sometimes difficult to measure and to understand without a pre-injury baseline battery or
universally accepted baseline comparison. Especially if the administer is undertrained,
diagnosing a concussion with SAC data may be nearly impossible with no comparable standard
score. The SAC is not meant to be a standalone diagnostic technology but rather serves to
complement a multifaceted approach to clinical examination (Comeau et al., 2019).
Figure 6 cont. The Post-Concussion Symptom Scale is a self-reported sideline evaluation of 22
specific symptoms with a graded severity scale. These symptoms span categories of somatic,
affective, cognitive, and sleep dysfunctions. While this is normally a sideline assessment, the
sleep dysfunction symptoms may not be relevant (Comeau et al., 2019). This tool is known to be
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64-89% sensitive and 91-100% specific (Comeau et al., 2019). No specific guidelines were
given for who can and cannot administrate this test. A limitation in this method of concussion
screening is that an asymptomatic presentation doesn't necessarily mean a child's brain is fully
recovered from a concussion. Furthermore, as males tend to under-report when compared to
females, subjective personal reporting may not always yield the most accurate results.
Figure 7. The Romberg Test is an is an observational examination that assesses postural
instability in expectedly concussed child athletes. Tasks include maintaining posture and balance
while standing feet together on the ground with eyes closed. In the Howell et al., 2019 study,
physicians or athletic trainers administered the examinations. Peterson et al., 2013 found the
Romberg Test 79% sensitive and 80% specific. Howell et al., 2019 found that the Romberg may
be flawed in that children taking this test may intentionally present as lacking balance.
Figure 7 cont. The Balance Error Scoring System is an observational examination that
assesses postural instability in expectedly concussed child athletes. Tasks include single, double,
and tandem stances on both stable (firm) and unstable (foam) surfaces (Comeau et al., 2019).
During each protocol, the athlete is to have their eyes closed and hands rested on hips. Each
stance should be held for at 20 seconds. Physicians and athletic trainers are utilized for
administration for the BESS (Howell et al., 2019). Sensitivity was found to be 34%, while
specificity was found to be up to 91% (Comeau et al., 2019). A common theme to sideline
assessments is that without pre-injury comparable data, or a universally accepted baseline
standard, it can be difficult to diagnose the head trauma as a full-blown concussion.
Figure 8. Neuroimaging such as CT and MRI technology are minimally utilized for
pediatric patients suspected of having a concussion. Brain imaging is a physician-ordered
approach to evaluate head injuries, unable to be ordered by athletic trainers. The primary use of
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neuroimaging would be to identify suspected structural damage or change. Howell et al., 2019
found that within their study population of children aged 14.6 +/- 2.2 years, 16% received CT
scans and 4% received MRI scans. Because concussion causes micro brain traumas that are
vague and poorly understood, traditional neuroimaging cannot visualize physiological changes
that occur upon injury (Belanger et al., 2014).
Figure 8 cont. As salivary microRNA assessment for concussion is an incredibly new
facet into pediatric concussion assessment, very little information is available on its reliability
and use in the general population. Salivary miRNA are biomarkers associated with the presence
of central nervous system trauma. Specifically, the concertation of five specific salivary miRNA
has been shown to accurately predict prolonged recovery with symptom presentation one month
or more post-concussion (Johnson et al., 2017). Three miRNA’s were even associated with
highly specific symptoms (Johnson et al., 2017). Currently, this approach is being used in
clinical research and not in a standard medical setting.
Shortening Recovery Time
Promoting Healing

Figure 4. Physician-ordered academic accommodation may be beneficial for recovery.
Mentioned by Santiago, 2016, common accommodations for students struggling with concussion
recovery include: shortening class periods or the school day, avoiding activities that may
exacerbate symptoms such as gym class and wind instrument practice, allowing the student to
rest in the nurse’s office if symptoms persist or worse throughout the school day, providing
extensions on projects or allowing more time for test taking, providing a tutor or peer to protect
against the student falling behind in their academics, and finally providing a quiet places for the
student throughout the school day.
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Table 1. Santiago, 2016 and the Centers for Disease Control in 2013 reported several
activities that should be avoided to promote the best health in children suffering from a
concussion. Mentally taxing activities such as homework, reading, and premature return-to-learn
may worsen symptoms in concussed children. Any task that required sustained focus may hinder
recovery (Santiago, 2016). Activities utilizing screens, such as watching television, texting, and
playing videogames, are also suggested to be avoided by children suffering from a concussion.
Loud music may also exacerbate symptoms (Santiago, 2016). Trips, family events, and
sleepovers are also considered to be taxing on children recovering from brain trauma. Children
may need extensions in school and a pass from their sport as intensive cognitive and physical
effort of any kind may cause more harm.
Return-to-Play

According to Santiago, the standard stepwise protocol follows five main steps: 1. No
activity, 2. Light aerobic activity, 3. Sport-specific activity, 4. Noncontact training drills, and 5.
Full-contact practice (2016). Previous research has suggested that earlier, and controlled, activity
may aid recovery as opposed to hinder it (Ledoux et al., 2019).
Bock et al., 2015 found, on average, a child athlete evaluated by a concussion expert
within one week of concussion returned to sport faster than athletes evaluated later in their
recovery, 16 days and 36 days, respectively. This finding suggests that no matter how severe the
insult to the brain, children can get an edge on their symptom recovery if each suffered head
injury is taken seriously and swiftly assessed.
Adding a bit of confusion to the study results, Bock et al., 2015 also noticed that children
experiencing headaches immediately upon trauma had shorter recovery and were sent back to
sport quicker. This trend is thought to be due to quick and reliable reporting on the part of the

35

child, including parents on injury discussion, and alerting experts of a possible concussion (Bock
et al., 2015). This finding stresses the importance of honest reporting.
While Bock et al., 2015 suggested differences in pre-and post-concussion ImPACT
scores may predict prolonged return-to-play, this finding is only relevant for students who
undergo pre-concussion ImPACT evaluation. While it's great to easily compare cognitive
abilities before and after a traumatic brain event, not all students get this luxury. As previously
mentioned, it is possible that the pre- and post-test are ill-timed and do not provide the most
accurate scoring.
The outward appearance of concussion usually ceases within one week (Santiago, 2016).
If that is the case, the patient may look completely physically asymptomatic and back to normal
self. However, it generally takes until week three post-injury for the patient to be back to their
cognitive baseline (Santiago, 2016). The disconnect between the physical and mental recovery
timelines may set children up for failure, namely from administrators and teachers to question
the need for the continued doctor's excusal form (Santiago, 2016).
A previous study by Comeau et al., 2019 researching collegian football players suggested
athletes are getting returned to their sport prematurely, stating more than 30% of athletes that
were sent back to full-contact sport same day as their head injury experienced a delayed onset of
symptoms. This statistic is especially unnerving for the child athlete population, as the pediatric
population may be particularly sensitive to Second Impact Syndrome, previously mentioned in
this thesis.
Table 2. Bock et al., 2015 found that children aged 11-18 with prior concussion who
received pre-injury ImPACT evaluation had a lower median return-to-play at 25.5 days
compared to the same population without pre-injury evaluation at 28.5 days (Bock et al., 2015).
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Of the children who received pre-injury ImPACT testing, those who had significant changes
between pre- and post-injury scores were at higher risk for longer return-to-play criteria.
Children who had a significant difference in their pre- and post-injury scoring in the verbal
memory category had a median return-to-play of 31 days, compared to their peers with nonsignificant differences between pre- and post-injury ImPACT scoring at a median return-to-play
of 18 days. This pattern continued into the next four categories of the ImPACT, with a
significant difference between pre-and post-injury visual memory, processing speed, reaction
time, and symptom scores leaving a median return-to-play of 32.5, 32, 32, and 28 days,
respectively. The non-significant group of those previous four categories scored a median returnto-play of 17, 19, 19, and 18.5 days, respectively (Bock et al., 2015). This pattern found by Bock
et al., 2015 suggests that significant differences between pre-and post-injury ImPACT scores
may prolong recovery and return-to-play criteria for concussed athletes.
Gender Differences
Many authors previously concluded that females seem to be at higher risk of concussion
and longer recovery when compared to male counterparts. As described by Dick at al., 2009,
males and females have unique challenges facing concussion in youth sport. While a concussion
is considered a type of mild TBI, mortality following a moderate to severe traumatic brain injury
is 1.28 times more likely in females than in males (Dick et al., 2009). Dick and colleagues
suggested, solely based on physiologic differences, females seem to be more susceptible to
concussion than males. Dick et al., 2009 noted that the hormone oestrogen, produced by both
males and females, may help to maintain normal cerebral blood flow. Oestrogen was shown to
be a protective factor in male brains and increase mortality in female brains (Dick et al., 2009).
In addition to hormonal risk, females have weaker neck muscles and lower head masses than
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their male counterparts, resulting in a greater angular acceleration in the head of females (Dick et
al., 2009). Physiological changes between the genders may cause females to report higher
amounts of overall post-concussive discomfort than their male counterparts (Tanveer et al.,
2017).
A reason we may see more females suffer from a concussion for an extended period
when compared to males is due to honest self-reporting, as females are more likely to record
symptoms, show concern of recurring symptoms, and are less worried about the consequence of
a delayed return-to-play. Females are also more comfortable seeking treatment for postconcussive symptoms (Tanveer et al., 2017). Not surprisingly, females tend to report physical
symptoms much higher than males (Bock et al., 2015). However, females and males report about
the same amount of cognitive, emotional, and sleep symptoms (Bock et al., 2015).
Outlining potential specific symptom differences between females and males postconcussion, Tanveer et al., 2017 noted trends among individuals aged 14 and older in a
population of children and adolescents which all completed pre- and post-concussive
neuropsychological testing. Female athletes were shown to experience worse visual memory
skills post-trauma, males were shown to lose consciousness more often upon injury, and males
were also more likely to be stricken with confusion and amnesia (Tanveer et al., 2017). It is
possible that these gender symptom differences could stem from the mechanism of the injury
itself.
Earlier research by Dick et al., 2009, also reports that male athletes of all levels (high
school, college, professional) are more likely to suffer a concussion from player-player contact.
Conversely, female athletes of all levels were found to be more likely to receive a concussion
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from contact with a ball or surface (Dick et al., 2009). Full-contact trauma seen more in male
sports may provide a reason for worsened cognitive states immediately upon injury.
While females outnumber males in the number of concussions for similar sports, football
remains to be the most dangerous sport when considering concussion (Halstead et al., 2017). For
male sport, Comeau et al., 2019 found concussion rates to be highest in football, wrestling, and
soccer (Comeau et al., 2019). Female sports concussions were found to be most prevalent in
cheerleading (Tanveer et al., 2017), soccer, and basketball (Comeau et al., 2019). Previous
studies have shown female soccer players are at a 22% risk of concussion while male soccer
players are at a high 50% risk of concussion (Covassin et al., 2009). In high school basketball, it
was shown that concussions were accountable for 6.2% of all female injuries and 5.7% of all
male injuries (Covassin et al., 2009).
Table 3. Gender differences were noticed in symptom severity, symptom reporting,
concussion rates, treatment seeking, symptom differences, and average times for returning to
play. Two studies in the literature found that females experience more severe symptoms when
compared to male counterparts (Echemendia et al., 2017 & Tanveer et al., 2017). Tanveer et
al.,2017 went on to claim that females experience overall worse post-concussive discomfort than
males. It was largely agreed upon among the literature that females tend to report subjective
symptoms more than males of the same age (Bock et al., 2015, Echemendia et al., 2017, &
Comeau et al., 2019). Specifically, females were found to have higher amounts of self-reported
physical symptoms when compared to males, no difference in cognitive, emotional, or sleep
symptom reporting existed across genders (Bock et al., 2015). Consistently, females are seen to
be at greater risk than males for suffering concussion (Bock et al., 2015, Dick et al., 2009,
Halstead et al., 2017, Tanveer et al., 2017). The studies of Bock et al., 2015 and Tanveer et al.,
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2017 both reported females to outweigh males in treatment-seeking behavior, although females
may wait longer to receive neurologic examinations when compared to males (Bock et al., 2015).
Females recovering from concussion seemed to outperform males on the digit and month
reversing tasks seen on the SCAT5 (Echemendia et al., 2017). Finally, the majority of gender
differences in symptoms were only discernable at age 14 and older (Tanveer et al., 2017).

Summary and Conclusions
The universal recommendation for pediatric concussion diagnosis and management is
utilizing a multimodal approach (Comeau et al., 2019). No one diagnostic technology should be
used in isolation. Administers of such tests should take all steps necessary to become well trained
to interpret scores and recognize the many differences in concussion recovery related to gender.
Overwhelmingly, the literature poses that females are at higher risk of concussion and are
predisposed to having longer recoveries (Tanveer et al., 2017 & Halstead et al., 2017). There
may be palpable physiological differences in gender development that make females more
susceptible to worse discomfort and lingering symptoms following brain trauma. The widely
accepted culture of excitement and expectation for hard hits in full contact sport need to evolve
into concern for the well-being of the player and his brain. Young boys may not feel safe and
vulnerable enough to vocalize pain, head injury, or concussion symptoms. To reduce the chance
of sustaining a second brain trauma before the first trauma has healed, proper identification and
intervention is necessary for the pediatric population. A young child experiencing Secondary
Impact Syndrome is a failure to protect our most innocent from preventable bodily harm.
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There is poor understanding on how preexisting conditions, like mood disorders and
attention deficits influence long-term concussion recovery or scores on any given diagnostic
criteria. Many studies have excluded attention and mental deficits, brain-surgeries, meningitis,
and various pre-existing conditions from validity studies (Barlow et al., 2011). More research
must be done to uncover the influence of preexisting conditions on recovery outcome.
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Chapter 3
Research Method
The primary aim of this thesis is to align the current literature on pediatric concussion
and present information is such a way to benefit children and families. There is a paucity in the
literature regarding brain damage on the developing brain. Identified gaps in the research that are
noted in this thesis need to be thoroughly investigated to structure age-appropriate interventions
for children and families burdened with pediatric concussion. This chapter will address the
design rationale, methodology, role of the researcher, and credibility of literature.

Research Design and Rationale
What is the current state of the field for pediatric concussion assessment and
intervention? While literature on concussion exists, the research is dominated by adult subjects
(Comeau et al., 2019). The limited research available on child brain injury isn’t meaningfully
presented to individuals most in need of relevant information, namely children and parents. A
survey of the literature on pediatric concussion and recovery, and influencing factors, is
presented with children and families intended as the audience. Presenting the literature with clear
and easily comprehendible tables and figures helps to remedy the disconnect between complex
information and concussed children or concerned parents.
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Role of the Researcher
The role of the investigator is to collect, synthesize, and present information in a tactful
and unbiased way for children and their families. Many individuals influencing this project have
experience with pediatric concussion trauma due to sports. No inherent bias is evident in the
presentation of the literature. This body of work is not meant to encourage families or children to
avoid sports or other common mechanisms of concussion. Rather, this information is meant to
provide child and families with the necessary tools to properly identify concussion and promote
healing.

Methodology
Participant Selection Logic
A survey of the literature was conducted toward developing a taxonomy on the impact of
concussive head trauma by gender and age on incidence, recovery, and symptomology. A metaanalysis was performed on eight different pediatric concussion evaluation tools, including the
Immediate Post-Concussion Assessment and Cognitive Test (ImPACT), the Sport Concussion
Assessment Tool (SCAT), the Standardized Assessment of Concussion (SAC), the Romberg
Test, the Balance Error Scoring System (BESS), the Post-Concussion Symptom Scale (PCSS),
salivary microRNA (miRNA), and neuroimaging. Pediatric concussion diagnostic technology
literature was chosen based on studying pediatric populations and being published from the years
of 2009-2019. Pediatric concussion recovery and influencing factors were chosen based on
studying pediatric populations and being published from the years of 2009-2019. A study of
collegian athletes by Comeau et al., 2019 was utilized due to its relevance and applicability to
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high school sports. A wide and inclusive net was casted when initially looking for literature in
the hopes of structuring a comprehensive source to be utilized by child and families.
Procedures for Recruitment, Participation, and Data Collection
Credible scientific articles provided data for this survey of the literature. The method of
study employed is a survey of the literature from 2009-2019 with queries that included the
following journals: British Journal of Sports Medicine, Child’s Nervous System, Cureus Journal
of Medical Science, International Journal of Sports Physical Therapy, JAMA Pediatrics, Journal
of Athletic Training, Journal of the American Academy of Physician Assistants, Journal of
Neurosurgery, Journal of Neurotrauma, Journal of Pediatrics, Journal of Pediatric Health Care,
Pediatrics, Pediatric Annals, Prevention, Pediatric Neurology, Seminars in Pediatric Neurology,
Sports Health, Therapeutic Advances in Neurological Disorders, and World Neurosurgery.

Data Analysis Plan
To answer the research question, “What is the current state of the field for pediatric
concussion assessment and intervention,” sources were scanned for key words and coded for
what information they held. Preliminary excel spreadsheets were utilized to organize information
about symptomology, factors influencing recovery, return-to-play, concussion evaluations, and
diagnostic technologies. Upon preliminary evaluation of the gathered literature, the following
categories were formulated to organize the literature review: symptomology, sideline assessment,
emergency room assessment, ways to promote healing, diagnostic technologies, return to play,
and gender differences.
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Issues of Trustworthiness
Credibility
Researchers of this thesis built internal validity by digesting preliminary data, searching
the internet for infographics and other quick information to evaluate the current readily
accessible literature. When posed with conflicting literature, researchers of this study
triangulated and compared sources to find the more widely accepted and standard approach.
Transferability
External validity was established by comparing populations between studies. The
literature review is clear about certain population types when transferring information and ideas.
Studies on children and adolescence both in and out of sport dominated the literature review.
Dependability
Statements are not generalized when unappropriated, for example, applying findings from
an all-male football team to all children active in youth sport. When posed with conflicting
literature, researchers of this study triangulated and compared sources to find the more widely
accepted and standard approach.
Confirmability
Unless unanimously agreed upon across multiple authors, literature is not posed as a take
home message but rather a presentation of scientific study results.
Ethical Procedures
The Institutional Review Board (IRB) approval process is not necessary for this project.
No personal identifiers are used in this literature review.
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Summary
Validated scientific research from years 2009-2019 reporting on pediatric concussion
process and recovery, and factors that influence concussion, were considered for review. A
purposefully loose criteria was initially utilized to provide readers a comprehensive review of all
factors influencing concussion outcome in pediatric populations. The goal of the methodology
was to provide children and families with all the tools and knowledge available to identify
concussion early and properly promote health.
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Chapter 4
Results
What is the current state of the field for pediatric concussion assessment and
intervention? This thesis aims to align the resources on pediatric concussion and present the
literature in a meaningful way for the effected children and families. While research on child
brain trauma is limited, sometimes conflicting, and not readily accessible to the intended
audiences, this project is intended to provide clarity on how concussion is diagnosed, what to
expect post-concussion, how to promote wellness, and best practices for full recovery.
Research Setting
Many individuals influencing this project have experience with pediatric concussion
trauma due to sports. Interpretation of the study results is not biased for or against the
participation in youth sport. This body of work is not meant to encourage families or children to
avoid sports or other common mechanisms of concussion. Rather, this information is meant to
provide child and families with the necessary tools to properly identify concussion and promote
healing.

Demographics
This study is meant for children, parents, families, and anyone supporting a child who has
just received a brain injury. From a high school football player feeling not himself after a season
of full-contact sport to the parents concerned about behavioral change in their child postconcussion, relevant concussion literature should be available to those who need it. Those
struggling to remedy returning to play or school may find the presented ways to promote health
to be helpful. Parents armored with the expectations that concussion children may present as
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developing new learning disabilities or behavioral issues may decrease worry and unnecessary
prescriptions.
Data Collection
Authors on pediatric concussion statistics, reported symptoms, recovery duration, returnto-play, return-to-learn, the influence of preexisting behavioral-cognitive disorders and gender on
recovery, concussion mechanism, and pediatric concussion diagnostic tools were all considered.
Relevant research was searched for with an inclusive scope in the hopes of providing a
comprehensive reference for pediatric concussion susceptibility, mechanism of action, diagnosis,
symptoms, and recovery. Literature was found via google scholar and Penn State Library
databases.
A meta-analysis was performed on eight different pediatric concussion diagnostic
technologies, including the Immediate Post-Concussion Assessment and Cognitive Test
(computerized neuropsychological evaluation), the Sport Concussion Assessment Tool (noncomputerized neuropsychological evaluation), the Standardized Assessment of Concussion
(sideline assessment), the Romberg Test (postural stability test), the Balance Error Scoring
System (postural stability test), the Post-Concussion Symptom Scale (symptom assessment),
salivary microRNA (biomarker screening), and neuroimaging (CT and MRI).

Data Analysis
Pediatric concussion diagnostic technologies were evaluated on mode, frequency of use,
sensitivity, specificity, what is tested, tasks of the protocol, measurable outcomes, and limitations
to use. Only one technology had a clear frequency of use. Frequency of use was not readily
available in the literature. Factors influencing concussion were easily manageable and simply
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presented as is. There exists some overlap in the documentation of gender differences among
concussion recoveries and more variation in the justification of those documented differences.
Evidence of Trustworthiness
Credibility
Preliminary data was thoroughly vetted and compared across multiple authors. An
infographic and subsequent figures allowed information to be accurately and simply represented.
When posed with conflicting literature, researchers of this study triangulated and compared
sources to find the more widely accepted and standard approach.
Transferability
The literature review is clear about certain population types when transferring
information and ideas. Studies on children and adolescence both in and out of sport dominated
the literature review. Research on specific subtypes of child athletes or patients are included and
noted in the review.
Dependability
Statements are not generalized when unsupported. When posed with conflicting
literature, researchers of this study triangulated and compared sources to find the more widely
accepted and standard approach.
Confirmability
Unless unanimously agreed upon across multiple authors, literature is not posed as a take
home message but rather a presentation of scientific study results.
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Study Results

Illustration courtesy of Barnsley College Alumni and Friends website.
No copyright infringement is intended

Figure 1. When and What: Symptoms
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Figure 2. Variables Associated with Longer Duration of Concussive Symptoms
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Figure 3. Variables Associated with Pediatric Concussion Diagnosis in the ER
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Figure 4. School Accommodations to Promote Recovery
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Figure 5. What to Know about Neuropsychological Testing
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Figure 6. What to Know about Sideline Assessments
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Figure 7. What to Know about Postural Stability Assessments

Figure 8. What to Know about Neuroimaging / Biomarker Assessments

Table 1. How to Heal: What to Avoid
Authors

Santiago,
2016

Homework,
Reading,
Premature
school
return
X

Centers for X
Disease
Control
and
Prevention,
2013

Screen Time Trips,
Loud
(TV,
sleepovers, music
texting,
late nights
videogames)

Sustained
focus

High
levels of
cognitive
Activity

High
levels of
physical
activity

X

X

X

X

X

X

X

X

N/A

N/A

X

X
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Table 2. Return-To-Play Associated with ImPACT Score
Authors

Bock et al.,
2015

Individuals
Who
Received
PreConcussion
ImPACT
Yes: 25.5

ImPACT
Verbal
Memory

ImPACT
Visual
Memory

ImPACT
Visual
Processing
Speed

ImPACT
Reaction
Time

ImPACT
Total
Symptom
Score

Significant:
31.0

Significant:
32.5

Significant:
32.0

Significant:
32.0

Significant:
28.0

Not
significant:
18.0

Not
significant:
17.0

Not
significant:
19.0

Not
significant:
19.0

Not
significant:
18.5

No: 28.5
(median
days of
return-toplay)

Table 3. Gender Differences in Concussion
Authors

Symptom
Severity

Echemendia F>M
et al., 2017

Symptom
Reporting
at Baseline
F>M

Halstead et
al., 2017
Tanveer et
al., 2017
Bock et al.,
2015

Symptom
Differences

Return-toPlay

Inconsistencies
F>M

F>M
F>M

Dick et al.,
2009
Comeau et
al., 2019

Concussion Treatment
Rates
Seeking
Behavior

F>M

F>M

F>M

Inconsistencies

F>M
F>M

Inconsistencies
F>M
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Summary
This literature review was designed to create accessibility and usability of the current
pedatric concussion assessment and diagnostic research for children and their families. The
resources were aligned with the aim of promoting health and improving the transfer of
knowledge to the intended audience.
Information on symptom reporting, concussion evaluation processes, diagnostic
technologies, inherent gender differences in concussion recovery, return-to-activity criteria, and
ways to promote healing are presented. Many gaps in the literature were recognized, including
why females seem to be at higher risk for concussion and longer recoveries when compared to
males, universal standards for defining and diagnosing concussion, influence of preexisting
conditions on concussion recovery, and innovative technologies to track physical damage to the
brain upon concussion.
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Chapter 5
Discussion, Conclusions, Recommendations
While highly detailed research on pediatric concussion exists for the trained professional,
there lacks recourses that provide comprehensive and manageable information intended for
concussed children and their families. Figures and tables emended into this thesis are meant for
quick and easy use by the target audience. The purpose of this thesis is to align the resources on
pediatric concussion and present the literature in a meaningful way for the effected children and
families.
Symptoms, while most common and to be expected, may red flags that indicate the need
for immediate transport to the hospital. Symptoms may evolve overtime and manifest differently
between patients, so continual evaluation in the initial stages of concussion is crucial to proper
identification and intervention (Comeau et al., 2019). Gender, especially during and after
puberty, has influence over the course of pediatric concussion recovery and manifestation. On
average, males are thought to underreport symptoms while females experience more concussions
and worse outcomes. Males and females experience different types of symptoms and show
significant variations among concussion diagnostic scoring.
Interpretation of Findings
Mechanism of Concussion
Tangible brain changes and microtraumas are evident in concussed individuals. While not
easily visualized by traditional neuroimaging, Reams et al., 2014 outlined a number of
physiological disruptions that occur in the brain post-concussion, namely, neurotransmitter and
ion concentration dysfunctions, disparity between energy supply and demand in the brain, global
tearing of axons, and blood brain barrier damage. A child’s brain evolves to the stressors placed
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upon it. Just one hit to the head is enough to cause immediate swelling and death. This data
suggests sub-concussive blows to the head, even if the child presents asymptomatic, may directly
case changes in the developing brain of a child. Fortunately, most of the trauma fully resolve
within one month (Reams et al., 2014).
Symptomology
The acute stage of concussion recovery is a dynamic time that allows the evolution and
changing of initial symptoms. Children may initially look unscathed and without symptoms,
however, delayed symptoms have the power to set in days later (Reams et al., 2014). Initial
symptoms are dominated by the consequences most people would expect a child to develop postconcussion, such as headache, nausea, and light and sound sensitivity. However, symptoms that
develop later in the recovery often mimic mood disorder symptoms, such as irritability, anxiety,
depression, insomnia, psychomotor deficits, and memory issues (Reams et al., 2014). Delayed
symptoms must be appropriately expected and understood. Parents may worry their child is
developing chronic mood or social deficits and rush to a medication to address the issue.
However, delayed and behavioral symptoms should be expected to alleviate any undue stress.
Sideline Evaluation
Early identification and treatment of pediatric concussion is widely agreed upon as
beneficial to reduce recovery time. Barriers to early identification include untrained or
unqualified administers of diagnostic tests and underreporting seen in male athletes. Young men
often feel pressure from the coach, team, or culture to play through injury and not admit pain. It
is for the benefit of the child to secure a distraction-free room to perform sideline evaluations.
Parents with strong knowledge of a child’s pre-injury cognitive status may be helpful in
interpreting cognitive examinations during sideline evaluations.
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Emergency Room Evaluation
A child presenting to the emergency room with concussive symptoms without a typical
concussion mechanism of action may receive less information on how to heal or how to returnto-play (Boutis et al., 2015). These previous data stress the importance of ER physicians to
consider concussion for their patients who sustained a mechanism of injury outside of sport.
Children who receive head injuries outside of sport may be at an increased disadvantage because
their concussions may be overlooked or taken less seriously in the emergency room than children
who are concussed during sport. Parents need to be trained to consider concussion even if their
child’s coach or athletic trainer cleared them for play.
Simply presenting later than one day post-injury is associated with being diagnosed with
concussion (Boutis et al., 2015). As the literature points to early identification for shortest
recovery times, it is in the best interest of the child to visit the ER at the onset of symptoms as
opposed to waiting to see if the symptoms linger. As previously mentioned, Boutis et al., 2015
showed the discrepancies between diagnosed children in the ER and diagnosis based on
Consensus Statement criteria. While 485 children were evaluated for head trauma in the ER, ER
physicians diagnosed 200 patients with concussion, yet 433 patients would have been diagnosed
concussed with the Consensus Statement (Boutis et al., 2015).
While there are standards and protocols in place for optimal pediatric concussion
diagnosis and management, a medical examination is prone to human error and expert opinion
outweighing validated research. As a child may initially present asymptomatic to the medical
examiner or may have a limited articulation of personal experience, individuals supporting the
newly injured child should be trained in the nuances of concussion and be ready to intervene.
Promoting Healing
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Teaching and promoting healthy coping skills to both families and children may ease the
burden of persisting symptoms. Every child has a unique experience with a concussion,
experiencing different types of symptoms for varying durations. There isn’t a universal standard
of concussion recovery to compare to. To support a concussed child, the adults and professions
in his or her life need to be properly trained and knowledgeable about promoting resilience and
health.
Santiago, 2016 outlined a simple guide for easing back into school with healing and
recovery in mind. If a child is back on their normal schedule, their symptoms may change or
worsen throughout the day. Parents may request the referral of their pediatrician to remedy
academic and physical stressors. For example, a physician’s signed approval on refraining the
child from exacerbating activities such as their instrument, gym class, and loud hallways.
Physicians may also intervene on behalf of the student to request quiet testing rooms, extensions
on projects, and shorted class periods (Santiago, 2016).
Children recovering from concussion may feel more comfortable and promote a shorter
recovery time by avoiding known triggers, such as loud music, screen time, reading, trips, and
extended interactions with friends like sleepovers (Santiago, 2016 & Centers for Disease Control
and Prevention, 2013). Any obvious trigger or stimulus that aggravates symptoms such as
headaches, irritability, and fatigue must be temporarily eliminated from the child’s day-to-day
activities.
Diagnostic Technologies
A “one-size-fits-all” mentality is certainly flawed when trying to generalize concussion
diagnostic technologies across adults to children, but even within the pediatric population, each
age needs a tailored fit and diagnostic tool that is appropriate for their age. If a family member is
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aware that a cognitive assessment would be already too difficult or advanced for the child, it is in
the child’s best interest to report that.
Providing baseline testing is extremely helpful in understanding the full impact of a
concussion on cognition. No universal standard currently exists for baseline neuropsychological
testing in schools around America. It may be worth a parent's time to dialogue with an athletic
trainer on their injury protocol and safety measures to prevent concussion before allowing a child
to be lost in the world of sport. If an athletic trainer or coach is pushing for children to return to
sport earlier than the pediatrician, parents, or children themselves feel comfortable; intervention
must happen immediately to keep the athlete from repeated injury.
For computerized neuropsychological testing methods to be used properly, it is critical
that the athletic trainers are highly motivated to both administer baseline assessments and
validate baseline scores for reliability. Previous work by Resch et al., 2013 found that optimal
pre- and post-concussion testing to be within a one-week interval, which unfortunately is not
realistic to real-world use of this protocol. If this protocol isn’t integrated into real life with its
optimal usage in mind, there is a false sense of protection for children and parents. You cannot
apply validity findings from various studies to real-world applications if the time metric itself is
different. Again, these findings point to the idea of parents being highly knowledgeable about the
character and training of the coaches and athletic trainers that will be responsible for the safety of
their child’s brains.
Misinterpreting pre-concussion test results may hinder the diagnosis process postconcussion or potentially be fatal to the athlete. Poorly understood baseline scores cannot be
accurately used by medical professionals when interpreting concussive scores when screening
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for concussion. Mismanaged cognitive evaluations may result in the premature return-to-play for
an athlete with an unidentified concussion, setting that athlete up for Second Impact Syndrome.
If a family is struggling to understand why a young child was cleared of concussion but
haven't been his or her "normal self," it is possible that the child didn't have the right words to
convince professionals of any injury. Perhaps requesting an official concussion diagnostic
technology to be administered will take away the barrier of expression and terminology from the
struggling child. Parents may also be valuable resources to translate a child’s symptoms to the
medical professional or athletic trainer.
Current literature is shedding light on a brain’s ability to evolve and sustain damage
without outward or obvious manifestation of concussion. Just one season participating in a
contact sport is enough trauma to alter brain activity and working memory (Davenport et al.,
2016). As it is common knowledge that the frontal cortex is largely associated with executive
functioning and behavior, the cerebellum is known to control balance and coordination, and the
occipital lobe contains the primary visual cortex, serious implications surround repeated insults
to these crucial brain tissues. Young boys across the nation play football and other contact sports
without ever being diagnosed as “concussed.” However, the previously mentioned fMRI study
drives home the point that being cleared from a concussion does not mean that a child is without
brain trauma.
Return-to-Play
Ultimately, the goal of all post-concussion testing is to determine the severity of the
insult and to assign the patient or athlete return-to-play/learn criteria. Generally, athletes are told
to rest and avoid mental and physical stressors until asymptomatic then progress into a gradual
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return to normal activity. If not advocated properly for, children, who may present as totally
normal, may be forced to push the limits of their mental capacity too early post-concussion.
As previously mentioned in this literature review, a study on full-contact sport head
injuries revealed that more than 30% of same-day injured collegian football players, who initially
appeared asymptomatic, were sent back to play but went on to be diagnosed as concussed after
delayed symptoms set in (Comeau et al., 2019). While not a pediatric population, this study
shows that athletes who sustain concussion
Parents and coaches must agree that brain health is more important than "toughing it out,"
making the big game, or living up to someone else's standards. It is crucially important for
parents, coaches, teachers, and pediatricians to advocate for the athlete and ensure each blow to
the head, sub-concussive or concussive, is adequately examined and treated. The athletes
themselves have a duty to timely and honestly report any symptoms following brain trauma.
Children who have suffered a head injury must consult their athletic trainer or doctor, even if
they think they are in the clear.
Gender Differences
Current culture holds heavy influence on the way males and females address their head
injuries. While it’s is accepted and almost expected of males to play through injury, females tend
to be more protected post-concussion, and have, on average, longer return-to-play criteria
(Reams et al., 2014). As noted by Dick et al., 2009, stigma from coaches and teammates about
admitting pain and refraining from sport may present a huge barrier to male athletes. This
construct of under-reporting due to stigma is an opportunity to inform parents and medical
professionals through intentional education.
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Limitations of the Study
When trying to report on the most up-to-date and relevant literature on pediatric
concussion research, many barriers were encountered. Mainly, literature on influencing factors
and variables associated with concussion simply may not exist. There are also biased amounts of
literature available on each diagnostic technology and influencing factor.
While there are many universally agreed upon literature, such as females being at higher
risk for concussion than their male counterparts, there lacks vetted and widely accepted research
on why this discrepancy exists. This theme of literature gaps was a constant theme for each
category reviewed, such as symptomology, sideline assessment, emergency room assessment,
promoting healing, diagnostic technologies, and gender differences.
There is a skewed amount of information available regarding validating different
methods. The ImPACT method is the most widely used neuropsychological test and therefore
dominates most of the available literature on neuropsychological test methods. Compressive
comparisons between diagnostic technologies cannot be assessed if the literature simply does not
exist to compare with.

Recommendations
Future research on the impact of concussion on the developing brain has many scopes,
including but not limited to: hormonal differences in females and males resulting in variable
concussion recoveries, neuroimaging advances that allow the tracking of microtrauma due to
contact sport, an interactive user face intended to promote healing for children and families, and
risk factors such as pre-existing behavioral issues, learning disabilities, and attentional deficits on
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concussion incidence. To improve accessibility and promote healing to the necessary audiences,
a comprehensive and interactive database on pediatric concussion needs to be formulated.
Implications
With a comprehensive repository of the state of the field for pediatric concussion
assessment and intervention knowledge, parents and children may be empowered with tools to
promote healing. Appropriate treatment for children suffering from concussion, as opposed to
unnecessary medical prescriptions, may lead to healthier and more productive children. Aligning
the resources may relieve parents of stress and promote better understanding of what is normal,
to be expected, and abnormal.
Conclusions
For best patient outcome, there must be coordination with pediatricians, coaches,
teachers, and parents after a youth concussion (Santiago, 2016, Barlow et al., 2017, & Centers
for Disease Control, 2013). The universal recommendation for pediatric concussion diagnosis
and management is utilizing a multimodal approach (Comeau et al., 2019). Concussion
diagnostic tools, especially those evaluating cognitive symptoms, must be appropriately tailored
for each age group within the large category of Pediatrics to ensure reliable scores. Structured
intervention is necessary to properly identify and manage pediatric concussion.
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Appendix A
Pediatric Concussion Diagnostic Technologies Under Review
Immediate Post-Concussion Assessment and Cognitive Test. The Immediate PostConcussion Assessment and Cognitive Test (ImPACT) is a computerized neuropsychological
test used for assessing cognitive deficit post-mild traumatic brain injury (mTBI). The test is
divided into five categories that measure verbal recognition and memory, visual working
memory, visual processing speed, reaction time, and impulse control (Covassin et al., 2009 &
Barlow et al., 2011). Previous studies have shown the test-retest reliability of this diagnostic tool
to be 0.65-0.86 (Barlow et al., 2011).
The Sport Concussion Assessment Tool. The Sport Concussion Assessment Tool
(SCAT) for adults includes the age range of 13 years and older while the ChildSCAT is intended
for the age range of 5-12 years (Echemendia et al., 2017). First appearing in 2004, the SCAT
evaluation is a computerized neuropsychological technique has been continually updated and
currently on the fifth edition debuting 2017 (Davis et al., 2017). This protocol can be completed
under 10 minutes. The goal of the SCAT protocol is to create a multicomponent approach to
assessing the head injury, including symptoms, cognitive evaluation, neurological screening.
This diagnostic method is to be completed by a medical professional only and was created with
patient education in mind (Davis et al., 2017). While no present data is available for sensitivity
and specificity on the SCAT5, these numbers come from the SCAT 2nd edition studies. The
SCAT continues to adapt and modify its protocol and keep up with the current literature.
Standardized Assessment of Concussion. The Standardized Assessment of Concussion
(SAC) is intended to be an inexpensive and quick sideline screening tool that may be
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administered by an untrained individual (Grubenhoff et al., 2010). While outdated graded
concussion assessments tend to focus heavily on the post-concussive loss of consciousness and
amnesia, the SAC protocol allows the examiner to use symptoms as an insight into cognitive
deficits the patient may experience post-concussion (Grubenhoff et al., 2010). The SAC includes
a symptom checklist, symptom severity ranking, and following four cognitive domains are
assessed with this protocol: orientation to time, immediate memory, concentration, and delayed
recall (Grubenhoff et al., 2010).
Romberg Test. The Romberg Test is an inexpensive sideline evaluation of postural
stability. This method has the patient stand with feet together and with closed eyes, while the
clinician monitors for stance errors (Howell et al., 2019). Errors of the Romberg Test include
opening eyes, lifting a foot, falling out of position, exaggerated movements, loss of balance, or
excessive upper-body movement (Howell et al., 2019).
Balance Error Scoring System. The Balance Error Scoring System (BESS) is an
inexpensive sideline method for testing postural instability post-concussion. This method has the
patient hold varying single, double, and tandem stances for 20 seconds on both stable (firm) and
unstable surfaces (foam) (Comeau et al., 2019). All protocols of the BESS require patients to
stand with their hands placed on their iliac crests with their eyes closed. Types of balance errors
in this protocol include lifting hands off the hips, opening eyes, a stumble, a fall, a step, lifting a
foot from the ground, excessive hip abduction during single leg stance, and falling out of test
position for more than five seconds (Comeau et al., 2019).
Post-Concussion Symptom Scale. The Post-Concussion Symptom Scale (PCSS) is a selfreported measure of 22 symptoms immediately upon concussion, evaluating symptoms of
cognitive, somatic, affect, and sleep dysfunctions (Barlow et al., 2011 & Comeau et al., 2019).
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PCSS screening is widely used for sideline assessment, taking two-three minutes to complete
(Comeau et al., 2019).
Neuroimaging. Neuroimaging is utilized to visualize structural and functional changes in
the brain following an injury (Davenport et al., 2016). Concussions are normally diagnosed as a
syndrome covering a spectrum of symptoms. Brain visualization, such as computed tomography
(CT) and magnetic resonance imaging (MRI), are minimally used in the diagnostic approach due
to inability to visualize microtraumas (Davenport et al., 2016). Functional MRI (fMRI) with
working memory tests found a positive correlation between clinically asymptomatic high school
football athletes with changes in fMRI scores and the number of sustained head hits throughout
the season (Davenport et al., 2016).
Salivary MicroRNA. MicroRNA's (miRNA) are non-coding, small pieces of RNA that
affect protein translation throughout the body (Johnson et al., 2018). Unlike mRNA, miRNA is
fragmented and stable, making them reliable biomarkers. miRNA inhibits protein translation by
damaging mRNA transcripts. Previous studies have shown miRNA expression in saliva are
dysregulated upon insult to the brain and tend to return to baseline at day 14 post-injury (Johnson
et al., 2018). Dysregulation in peripheral miRNA parallels changes in the central nervous system
post-injury (Hicks et al., 2017). Salivary miRNA expression is used as a noninvasive way to
measure biomarkers associated with prolonged concussion symptoms (Johnson et al., 2018).
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Appendix B
Concussion Diagnostic Technology Examples

Courtesy of Halstead et al., 2013.

Figure 9. Post-Concussion Symptom Scale
Figure 9. An example of the Post-Concussion Symptom Scale intended for kindergarten
through sixth grade (Halstead et al., 2013).
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Courtesy of Grubenhoff et al., 2010.

Figure 10. Standardized Assessment of Concussion
Figure 10. An example of the SAC (Grubenhoff et al., 2010).
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