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“Due to the fact that the brain plays a pivotal role in every function of the body, a mild traumatic
brain injury can cause widespread physical disruptions.”
-Brain Injury Research Institute, http://www.protectthebrain.org
Historically, most people think that anyone with a “real brain injury” will show it: slow or
slurred speech, difficulty walking, or some other obvious problem comparable to what they have
seen when someone suffers a stroke. Similarly, most people don’t consider a single, mild
concussion a traumatic brain injury or assuming they do, believe that the effects are temporary.
This misconception however, is rapidly being replaced due to the extensive research and widespread education of the public and health care providers alike about the seriousness of
concussions and traumatic brain injury (TBI). This sweeping change in the landscape of TBI is a
direct result of discovering chronic traumatic encephalopathy (CTE) in American football players.
The knowledge of the devastating effects of TBI has filtered down to everyday Americans and
concussion awareness is now prolific in youth and adult sports, including football, soccer,
basketball, baseball, and cycling, people involved in automobile accidents, people suffering falls,
people involved in work-related accidents, and the military.
In a recently published scientific article by K. McInnes et al., titled, Mild Traumatic Brain Injury
(mTBI) and Chronic Cognitive Impairment: A Scoping Review, McInnes explains that the
“impairment [following a single concussion] is robust and therefore readily detectable in the
early phase post-injury, but the long-term outcomes are unclear largely due to a dearth of
research” [1]. Therefore, she set out to address the gap in knowledge of outcomes following a
single concussion after 3 months post-injury to determine the long-term impact of a single mTBI
- knowing that establishing a single concussion has long-term cognitive impacts will increase the
understanding that “mild” traumatic brain injury is anything but. McInnes observes, “…in
contrast to the prevailing view that most symptoms of concussion are resolved within three
months post-injury, approximately half of individuals with a single [emphasis added] mTBI
demonstrate long-term cognitive impairment” [1]. She highlights the following in her
discussion:
The last several decades of mTBI research have seen an expansion in our understanding
of the long-term cognitive and behavioural consequences. Whereas mTBI used to be
thought of as a relatively inconsequential “mild” injury, it is now more closely associated
with the latter three letters of its acronym - “traumatic brain injury”. This shift in our
understanding is owing to several revelations in mTBI research. Namely, researchers
have shown that both single and multiple mTBI(s) induce pathophysiological changes in
the brain that can be detected in both the acute and chronic phases post-injury [1].
The Brain Injury Research Institute, founded by physicians who were responsible for the early
discovery of a link between head trauma and CTE, defines a concussion as a mild traumatic brain
injury that is caused by a bump, blow, or jolt to either the head or the body that causes the brain
to move rapidly inside the skull and changes how the brain normally functions. They explain
that concussions can have serious and long-term health effects, and even a seemingly mild 'ding'

or a bump on the head can be serious. They note the signs and symptoms of concussion include
headache, nausea, fatigue, confusion or memory problems, sleep disturbances, or mood changes;
and symptoms are typically noticed right after the injury, but some might not be recognized until
days or weeks later. The stated purpose of the Brain Injury Research Institute is to study the
short and long-term impact of brain injury in general, but concussions specifically, noting the
research indicates that there is a clear link between brain injuries and serious and debilitating
neurological disorders, including Alzheimer's disease and other forms of dementia. Their
work aims to educate medical participants, public policy experts, and the public on the profound
consequences and dangers of concussions - whether in athletics, the military, or other professions
[2].
In a recent, truly eye-opening study, researchers documented changes in children’s brains over
one season of youth football. The researchers sought to examine the effects of subconcussive
impacts, meaning impacts that do not result in concussion, from a single season of youth (ages 8
to 13 years) football on the brain. They developed a Head Impact Telemetry system that
collected data in real time from helmet-embedded sensors worn by the players. The data
gathered included the number, magnitude, and the direction of hits. What they found was
astonishing The results of this study suggest that subconcussive impacts can result in changes in the
WM (white matter) microstructure of the IFOF (inferior longitudinal fasciculus) and SLF
(superior longitudinal fasciculus) fiber bundles.
…the relationship between traumatic axonal injury and alterations of the whole structural
WM network was investigated. We demonstrated a statistically significant relationship
between head impact exposure in a single season of youth football and change of FA
(fractional anisotropy) value of the left IFOF in the absence of clinically diagnosed
concussions. Additionally, we found a statistically significant relationship between head
impact and change of FA value of the right SLF terminals where WM and gray matter
intersect…This study adds to the growing body of evidence that a season of play in a
contact sport can result in brain changes at MR imaging, even in the absence of
concussion [3].
In layman’s terms, the researchers found a relationship between subconcussive head
trauma and alterations in the integrity of white matter, the part of the brain critical for
information coordination, and communication, even in the absence of a clinically diagnosed
concussion.
The Centers for Disease Control and Prevention (CDC) defines TBI as a disruption in the normal
function of the brain that can be caused by a bump, blow, or jolt to the head or a penetrating head
injury. Observing one of the following clinical signs constitutes an alteration in brain function:
a. Any period of loss of or decreased consciousness;
b. Any loss of memory for events immediately before (retrograde amnesia) or after the injury
(post-traumatic amnesia);
c. Neurologic deficits such as muscle weakness, loss of balance and coordination, disruption of
vision, change in speech and language, or sensory loss;
d. Any alteration in mental state at the time of the injury such as confusion, disorientation,

slowed thinking, or difficulty with concentration [4].
The Mild Traumatic Brain Injury Committee of the Head Injury Interdisciplinary Special Interest
Group (American Congress of Rehabilitation Medicine) developed the following definition
specific to mild traumatic brain injury:
A patient with mild traumatic brain injury is a person who has had a traumatically
induced physiological disruption of brain function, as manifested by at least one
of the following:
•
•
•
•
•
•
•

Any period of loss of consciousness;
Any loss of memory for events immediately before or after the accident;
Any alteration in mental state at the time of the accident (e.g. feeling
dazed, disoriented, or confused); and
Focal neurological deficit(s) that may or may not be transient, but where
the severity of the injury does not exceed the following:
Loss of consciousness of approximately 30 minutes or less;
After 30 minutes an initial Glasgow Coma Scale (G-CS) of 13-15; and
Post-traumatic amnesia (PTA) not greater than 24 hours.
This definition includes: 1) the head being struck, 2) the head striking an object,
and 3) the brain undergoing an acceleration/deceleration movement [5].

In most cases involving concussive brain injury, the mechanism by which the brain is injured is
the rapid acceleration and deceleration to which the brain is subjected during the event. As an
example, with rear-end motor vehicle collisions where the occupant of the vehicle, whether a
passenger or a driver, is secured by a seatbelt, the head and neck are thrust forward and backward
after impact while the torso is locked in by the seatbelt. Similarly, with a side-impact motor
vehicle collision, the head and neck will be thrust from side to side. Under either scenario, the
brain is moving inside the head. When the head reaches its furthest point, either forward or to
the side, it will then rebound. Inside the head, the brain will continue its path of movement until
it strikes the inside of the skull, rebound, and strike the other side of the skull. This is often
referred to as the coup-contrecoup mechanism of injury and is widely understood to be the cause
of traumatic axonal injury, the stretching or tearing of axons, the long threadlike part of a nerve
cell which plays a vital role in information transmission and cognition.
Injuries to the axons are often termed the invisible injury because these types of injuries are
generally “invisible” to conventional scans yet the great majority of “mild” injuries involve
diffuse or widespread axonal injury. Unlike brain cells, damage to the axons do not generally
result in bleeding, and the axons are so small that they are beyond the resolution of CT scans and
most lower signal strength MRI scanners. Axons are terribly important though and damage to
these structures can lead to significant impairment.
Neurologist Dr. William Singer explains that tearing or shearing injuries may take place at the
time of initial injury, or it may take as long as 24 to 48 hours for the process to be completed.

This delay in nerve fiber breakdown may be one explanation for the delayed onset of deficits in
some individuals sustaining TBI, whose examination immediately following the injury appears
either normal or minimally abnormal. At the time of brain injury, damaged neurons release their
neurotransmitters, the chemical messengers by which brain cells communicate with other cells.
The release of excessive amounts of excitatory neurotransmitters, especially glutamate and
aspartate, stimulate neighboring neurons to excessively depolarize causing a chain of events
within the neurons, culminating in the eventual death of those cells. This process may take place
over 24 to 72 hours and can result in the delayed onset of symptoms in traumatic brain injury [6].
The CDC explains that a diffuse brain injury occurs when brain tissue suffers more widespread
damage, often resulting from the acceleration and deceleration forces described above, and that
certain regions of the brain are particularly vulnerable to the external forces that cause TBI.
They note the frontotemporal lobes of the brain are particularly susceptible to this phenomenon
because these regions are situated above boney surfaces in the skull where brain tissue can be
easily injured with impact or forceful movement [4].
Researchers Silver, McAllister, and Arciniegas further explain:
TBI refers to a physiologically significant disruption of brain function resulting
from the application of external force….evidence of disrupted brain function at
the time force is applied may include loss of consciousness; loss of memory for
events immediately before (retrograde amnesia) or after (anterograde amnesia) the
event, collectively referred to as post-traumatic amnesia; an alteration in mental
state (“dazed and confused”); a focal neurological deficit; or some combination of
these.
TBI severity is divided into mild, moderate and severe categories, primarily on
the basis of the duration of the loss of consciousness, duration of posttraumatic
amnesia, and/or Glasgow Coma Scale score at the time of admission to the
emergency department or hospital. Mild TBI describes injuries that result in an
admission Glasgow score range of 13-15; that produce a loss of consciousness of
less than 30 minutes, if loss of consciousness occurs at all, and after which
Glasgow scores are in the range of 13-15; and/or after which the duration of posttraumatic amnesia is less than 24 hours.
Injury to the brain occurs as a result of contact (or impact) forces, inertial
(acceleration or deceleration) forces, or both. The anterior and inferior frontal and
temporal areas of the brain are those most commonly and most severely affected
by impact forces.
The neuropsychiatric sequelae of mild TBI include problems with cognition
(attention, concentration, executive functioning, memory, and speed of
information processing); psychiatric symptoms (personality changes, affective
disorders, anxiety disorders, psychosis, sleep disorders, aggression, and
irritability); and physical problems, such as headache, chronic pain, vision

impairment, dizziness, and rarely, epilepsy…these symptoms occur in all
severities of TBI [7].
Neurologist Dr. William Singer notes that injuries to the head and brain are divided into two
basic categories: primary brain injuries and secondary brain injuries. Primary brain injuries are
those that result directly from the biomechanics of the injury event. The two main mechanisms
of injury are (1) contact, either from an object striking the head or contact between the brain and
the skull; and (2) acceleration or deceleration, the unrestricted movement of the brain within the
head resulting in structural changes including widespread damage to axons (the primary
information transmission lines of the nervous system) and blood vessels, and acute subdural
hemorrhage or bleed. During the process of TBI, especially events characterized by rapid
acceleration, deceleration, and rotation of the head, the brain, which has a jelly-like consistency,
undergoes deformation. Secondary brain injuries are those that result from complications arising
out of the initial brain injury or from other factors complicating the medical stability of the
patient. The concept of secondary brain injury stems from the observation of patients who walk
and talk only to deteriorate or die. This suggests that even if the primary injury was mild, it sets
off a sequence of events that ultimately leads to deterioration, severe disability, or even death
[6].
Dr. Singer’s reference to the observation of patients who walk and talk only to deteriorate or die
highlights the insidious nature of TBI – the effects are gradually being established deep inside
the brain long before becoming apparent. As a result, research into these consequences has
exploded. According to a study conducted at the Brain Injury Research Center, Icahn School of
Medicine at Mount Sinai, the late-life effects of TBI have received unprecedented attention in recent
years due in part to the discovery of chronic traumatic encephalopathy (CTE), a progressive
neurodegenerative disease, in professional football players. In 2005, a syndrome of progressive
cognitive, motor, and neuropsychiatric symptoms, initially described almost 80 years prior, found
renewed interest when these symptoms were described in professional football players who were
subjected to repetitive head trauma. CTE has since been identified postmortem in a growing
number of individuals resulting in sweeping media attention and public health concern about the
possible neurodegenerative effects of TBI [2].
Recognizing the growing public health concern, Congress passed the Traumatic Brain Injury Act of
2008 which authorized research into TBI. The CDC, in collaboration with the National Institutes of
Health, convened a panel of specialists and undertook a massive study of TBI-related literature
published to date. A stated goal of the study was ensuring the proper care and rehabilitation that
maximizes the health and quality of life for TBI patients. In 2015, the CDC published its findings in
a report to Congress. Not surprisingly, the CDC found that some health effects may be delayed and
not surface until later in life. TBI presents the potential for non-reversible, chronic health
effects. As a result, TBI is currently being recognized as a disease process, rather than a single
event. The CDC noted a 2014 study that found adolescents and adults who received rehabilitation
for TBI, 2 in 10 will have died at 5 years post-injury, and nearly 4 in 10 will have declined in
function from the level of recovery attained 1–2 years after their injury. The CDC stated in its
report to Congress these findings point to the chronic health effects of TBI that can affect a

person’s health and social environment long after acute medical treatment and rehabilitation [8].
How TBI can adversely affect and disrupt a person’s quality of life acutely is well-known and
documented. Cognitive disturbances (including memory, attention, learning, and coordination),
behavioral/emotional changes (including irritability, aggression, impulsivity) and physical effects
(including headaches, fatigue, and sleep disturbances) that wreak havoc on an individual’s
interpersonal, social, and occupational functioning following TBI are hallmark symptoms.
However, secondary neurologic disorders, such as post-traumatic epilepsy, post-traumatic stress
disorder, and depression, and neurodegenerative disorders, such as dementia and Alzheimer’s
disease, are conditions of concern for persons affected by TBI. The CDC’s report notes that TBIs
can lead to a spectrum of secondary conditions that might result in long-term impairment,
functional limitation, disability, and reduced quality of life. The evolution of secondary
symptoms following TBI will vary across persons and is dependent on the injury location, injury
severity, and medical history before the injury.
The psychological and neurologic/
neurodegenerative disorders that can develop following TBI, additionally contribute to varying
degrees of long-term impairment, functional limitation, or disability [8].
In 2010, physicians Dr. Brent Masel and Dr. Douglas DeWitt, set out to shatter the
perception that TBI is an event – that once treated and provided with a brief period of
rehabilitation, patients with TBI require little further treatment and face no long-term effects. In
a pivotal article, relied upon and cited by the CDC in its report to Congress and others, Masel
and DeWitt propose the classification of TBI as the beginning of a chronic disease process,
rather than an event. Masel and DeWitt explain:
Head trauma is the beginning of an ongoing, perhaps lifelong, process that impacts
multiple organ systems and may be disease causative and accelerative.
TBI increases long-term mortality and reduces life expectancy.
Although it is
somewhat intuitive that individuals with moderate to severe TBI would have a higher
mortality rate than the general population, even individuals with mild TBI exhibited a
small but statistically significant reduction in long-term survival.
Although many patients survive the initial insult, TBI initiates a chronic disease process
that may ultimately contribute to their deaths months to years later.
Post-traumatic morbidity…Numerous studies have shown that TBI may be a risk factor
for AD. In one study, it was found that any history of brain injury more than doubled
the risk of developing AD, as well as the chance of developing non-Alzheimer’s
dementia. Even individuals with no known cognitive impairments after TBI exhibited an
increased risk of an earlier onset of AD. This may be due to loss of brain reserve capacity.
Parkinson’s disease. In a twin study in 2006, the researchers observed that if both twins
had PD, the one with the TBI was more likely to have an earlier onset of the disease. If
only one twin had PD, that individual was more likely to have sustained a TBI.
In terms of impact on patients and their families and cost to society, psychiatric disorders
are among the most important. These are the most disabling consequences of TBI. Many

individuals with a mild TBI, and the majority of those who survive moderate to severe
TBI, are left with significant long-term neurobehavioral sequelae. TBI associated with an
increased risk of developing OCD, anxiety disorders, mood disorders, depression,
substance abuse, suicide, PTSD, mania.
Even mild TBI in childhood may lead to psychiatric issues in adolescence and early
adulthood.
Sexual dysfunction. A major ongoing problem in the TBI population. Between 40 to 60
percent of TBI patients complain of sexual dysfunction.
One of the most frequent and psychologically devastating consequences of TBI is bladder
and bowel incontinence. Urinary incontinence is associated with the development of
frequent UTIs and decubitus ulcers. Fecal incontinence is not only socially devastating,
but it may contribute to skin breakdown, decubitus ulcers, and skin infections.
Brain trauma has resulted in a condition that may be disease-causative and diseaseaccelerative. As a result of brain trauma, these individuals have a lifelong condition that
might be termed “chronic traumatic brain injury disease.” In need of chronic disease
management by people who truly understand their disease and take steps to mitigate all
the medical issues that develop after a TBI. It should be reimbursed and managed on par
with all other chronic disease. Only then will these individuals get the medical
surveillance, support, and treatment they deserve [9].
TBI as a risk factor for developing devastating psychiatric and neurodegenerative diseases
later in life is quite alarming. An article published in Neurodegenerative Disease Management in
2016 articulates the understanding of TBI as a risk factor for developing Alzheimer’s disease.
The article states, in pertinent part:
… the link between single TBI and dementia has been a topic of interest among
researchers and clinicians for decades. Published case studies dating back to the early
20th century describe individuals who developed a progressive dementia many years
after surviving a TBI with loss of consciousness (LOC) and showed histopathological
evidence of Alzheimer’s disease (AD) postmortem. Throughout the 1980–1990s, several
epidemiological studies provided compelling evidence that single TBI is associated with
increased risk for degenerative neurocognitive conditions resulting in dementia.
Based on these epidemiological studies, TBI became widely recognized as the strongest
environmental risk factor for dementia in general and for AD in particular.
In this scoping review of the literature from 2005 to 2015, there is further evidence that
moderate–severe TBI is associated with increased risk for dementia, and particularly AD,
and some indication that mild TBI may be associated with dementia risk.
Research studies that rely on medical records or national health registries for TBI case
identification are undoubtedly undercounting the true prevalence and/or incidence of TBI,
as evidence suggests nearly 30% of people who sustained a TBI never sought medical

care.
Age at injury appears to be influential in dementia risk; there is evidence that even milder
injuries sustained in late life may increase dementia risk, which is consistent with a
growing body of research describing the chronic health consequences of TBI.
Clinical criteria for the diagnosis of dementia due to TBI are poorly defined and clinical
diagnostic criteria for CTE or ‘TBI-associated dementia’ do not yet exist, so it is possible
that delayed post-TBI cognitive and functional decline may be misclassified as AD in
part due to the absence of a more appropriate diagnostic label.
The results of this recent large-scale study suggest that TBI does appear to be associated
with late-life clinical and neuropathological outcomes…[10].
Physician and researcher, Dr. David Perry, published his study on TBI and its association with
subsequent neurologic and psychiatric diseases in 2016. He found, in pertinent part:
All studies from 1995–2012 reporting TBI as a risk factor for diagnoses of interest were
identified by searching PubMed, study references, and review articles. Reviewers
abstracted the data and assessed study design and characteristics.
Results—57 studies met inclusion criteria. A random effects meta-analysis revealed a
significant association of prior TBI with subsequent neurologic and psychiatric
diagnosis…Prior TBI was independently associated with both neurologic and psychiatric
outcomes. Analyses of individual diagnoses found higher odds of Alzheimer’s disease,
Parkinson’s disease, mild cognitive impairment, depression, mixed affective disorders,
and bipolar disorder in individuals with previous TBI compared to those without TBI.
History of TBI, including mild TBI, is associated with the development of neurologic and
psychiatric illness.
Alzheimer’s disease, Parkinson’s disease, mild cognitive impairment, depression, mixed
affective disorders, and bipolar disorder showed a statistically significant association with
prior TBI.
The results of this study suggest that TBI is a risk factor for both remote psychiatric and
neurologic disease support an association of mild TBI with the studied neurologic and
psychiatric outcomes.
The results of this meta-analysis support an association of illness with a single TBI.
Trauma could predispose the brain to different types of neurodegeneration through
common mechanisms such as oxidative stress and microglial activation…or induction of
plasma proteins associated with degeneration… Trauma might also activate molecular
pathways leading to specific degenerative diseases, such as the finding that Alzheimer’s
disease-associated proteins including beta amyloid, beta secretase, presenilin-1, and
caspase-3 accumulate in axons of brain injured animals.
This study supports an association of TBI, including mild TBI, on subsequent
development of neurologic and psychiatric illness, including Alzheimer’s disease,

Parkinson’s disease, mild cognitive impairment, depression, mixed affective disorders,
and bipolar disorder [11].
A study published early 2018 highlights the staggering long-term risk of developing dementia
following TBI and states in pertinent part:
The risk of dementia diagnosis decreased over time after TBI, but it was still evident >30
years after the trauma.
Traumatic brain injury (TBI) is a leading cause of death and disability in individuals aged
<45 years in industrialized countries, and it is associated with developing a broad
spectrum of pathophysiological symptoms, followed by long-term disability.
Accumulating evidence suggests that TBI is also associated with risk of developing
dementia, a neurodegenerative disease with far-reaching social and medical implications.
The association between TBI and subsequent dementia was strongest in the first year
after TBI but still increased more than 30 years after TBI.
In the present nationwide cohort, with up to 50 years of follow-up, a clear association
was observed between previous TBI and the risk of being diagnosed with dementia later
in life. The risk of dementia was highest in the first years after TBI, but it was sustained
more than 30 years thereafter.
The risk of dementia diagnosis during follow-up was almost doubled in siblings with
TBI compared with their counterparts without TBI, and it remained increased more than
10 years after TBI.
In summary, the findings of this study suggest the existence of a time- and dosedependent risk of developing dementia more than 30 years after TBI [12].
In 2017, yet another study detailing the complications following TBI was published. It
states in pertinent part:
Following TBI, significant neurologic complications may occur which include seizures,
dementia, Alzheimer's disease, and cranial nerve injuries. In addition, people may suffer
from various psychiatric complications such as depression, posttraumatic stress disorder,
generalized anxiety disorder, obsessive-compulsive disorder, and other cognitive and
behavioral sequel that might significantly increase the comorbidity of the victims.
Considering all of the above complications, TBI is one of the significant public health
burdens. Literature has shown that only about 25% of people achieve long-term
functional independence following TBI.
TBIs can affect anyone at any age and may lead to severe complications and disabilities
in the future. TBIs not only have an effect on the patients but also immensely affect
families and friends…The economic cost of medical care of brain injury is staggeringly
high: An estimate of lifetime (direct and indirect) costs of medical care and lost wages/
productivity of patients with TBI is estimated to be $76.5 billion. The financial burden is
further enhanced when victims become vulnerable to neurological diseases such as

seizures, epilepsy, dementia, and Alzheimer's disease.
Approximately, 75% of the patients suffer from mild injuries known as concussions and
most of the patients with concussions never seek medical help. As a result, most of the
injuries never get diagnosed. Therefore, the true cost and impact of TBI may be much
higher than the present estimated cost. Concussions are the most prevalent type of TBI.
The rates of disorders in patients with TBI are 14%–77% for major depression,
dysthymia 2%–14%, bipolar disorder 2%–17%, generalized anxiety disorder 3%–
28%, panic disorder 4%–17%, phobic disorders 1%–10%, obsessive-compulsive
disorder (OCD) 2%–15%, posttraumatic stress disorder (PTSD) 3%–27%,
substance abuse or dependence 5%–28%, and schizophrenia 1%. See also, J.R.
Fann’s observation that “both moderate to severe and mild TBI are associated with an
increased risk of subsequent psychiatric illness” [13].
Older people suffering from TBI have a longer agitation period, greater cognitive
impairment and a higher possibility to develop mass lesions and permanent disability as
compared to younger victims.
Depression is a well-known symptom after TBI. Sadness is the most prevalent reaction
after TBI as patients regret the loss of their past lives.
Other symptoms that manifest in brain injury are apathy, decreased motivation, schizoid
behavior, impaired thought process, and cognitive dysfunction can resemble depression.
Many studies report an increase in the risk of suicide after TBI. Many victims also
express hopelessness and accept that life is not worth living. Many of post-TBI disorders
such as mania, depression, and epilepsy can lead to psychotic manifestations. These
symptoms can persist despite improvement in the cognitive deficits caused by trauma.
Researchers have found a correlation between TBI and genetic predisposition to
schizophrenia.
Many anxiety disorders can develop after TBI. In TBI patients, PTSD is very common.
A 2-year study conducted on 79 patients who sustained mild TBI showed that acute
stress disorder developed in 14% of the patients within 1 month of the trauma. After
2 years, 73% of the patients with acute stress disorder developed PTSD.
TBI and substance abuse disorders often co-occur. There is an enhanced risk for alcohol
addiction, nondependent abuse of drugs, and nicotine dependency during the first 30 days
following mild TBI and risk for alcohol dependence for at least 6 months after injury.
Disturbance of sleep pattern is a common complaint in patients with TBI. Mild brain
injury and coexistence with depression (as evaluated by the score on the Beck Depression
Inventory) showed a correlation with insomnia.
Attention and memory deficits are the most common cognitive difficulties reported by
patients and their families after the TBI. This could be due to primary brain damage or
due to secondary factors such as sleep disturbance. Executive functioning impairment is

the next important under evaluated cognitive sequel of the TBI. These functions are
critically essential to have a good quality of life, job performance, social life, and perform
other functions of daily living.
An intensive team approach is needed to collaborate with the expertise of psychiatrists,
neurologists, and psychologists for the efficient management of the patients [13].
Finally, but perhaps the best evidence to date of TBI as a risk factor for dementia, including
Alzheimer’s disease, is the result of a massive study, conducted by the University of Washington
School of Medicine, of nearly 3 million people living in Demark over a 36-year period [14].
After adjusting for medical, neurological, and psychological illnesses, the researchers found that
people with a history of any TBI were 24% more likely to be diagnosed with dementia
compared to those without a history of TBI [14]. In the less conservatively adjusted models, the
increased risk was even greater [14]. Even suffering a single mTBI increased the risk by 17%
[14]. The risk of dementia increased consistently with increasing numbers of TBI and the risk
of dementia was higher for those who suffered a TBI at a younger age [14]. In an interview
conducted by the University of Washington School of Medicine’s newsroom, lead author
Professor Jesse Fann states, “…even if you have a brain injury in your 20s, the risk of
developing dementia in your 50s is increased by 60%.” Though the largest and longest of its
time, this study’s findings are consistent with prior studies:
Our finding of a link between TBI and dementia is consistent with several previous
population-based studies. Gardner and colleagues found a 26% increased risk of
dementia over 7 years of follow-up in people older than 55 with a TBI diagnosed during
an inpatient or emergency room visit compared with non-TBI trauma controls [14].
Somewhere along the spectrum of the acute phase of TBI and the risk of developing chronic, longterm, late-life effects of TBI, is a complex disorder called post-concussion syndrome (PCS) where
an individual suffers the persistence of any concussion symptom past the timeframe of recovery,
typically more than 3 months. A recently published article, titled, Longitudinal Study of PostConcussion Syndrome: Not Everyone Recovers, researcher C. Hiployleeet notes, “We found that
only 27% of our population eventually recovered and 67% of those who recovered did so within
the first year. Notably, no eligible respondent recovered from PCS lasting 3 years or longer
[15] [emphasis added]. (To safeguard the accuracy of their findings, the authors of the study
specifically excluded people involved in litigation and people who failed the Test of Memory
Malingering (TOMM), a reliable test for screening malingerers, from the study). The study
found in pertinent part:
PCS encompasses a constellation of symptoms that commonly include headache,
depression, difficulty concentrating, and fatigue.
PCS may be permanent if recovery has not occurred by 3 years. Symptoms appear in a
predictable order, and each additional PCS symptom reduces recovery rate by 20%.
An important finding in our study was that no patient recovered who had PCS lasting 3
years or longer…The finding that PCS may be permanent if it lasts longer than 3 years
suggests that it may be critical to treat PCS appropriately in the early stages [15]

[emphasis added].
Researcher K. McInnes, referenced earlier, explains the following:
They have also shown how these pathophysiological changes manifest as measurable
cognitive impairment in both single or multiple mTBI(s)…our scoping review assessed
the evidence in the mTBI literature for cognitive impairment in singly-concussed
individuals long after the injury (i.e., in the chronic phase post-injury). The main finding
from our scoping review relates to the incidence of persistent cognitive impairment in
individuals with chronic stage mTBI following a single concussion. The findings from
our scoping review do not support the conclusions of previous reports that a single mTBI
leads to PCS in 15% of individuals in the chronic stage injury, and that the other 85% will
see resolution of symptoms during the acute phase. In contrast, we show that a large
proportion of individuals with a single mTBI will continue to demonstrate
measurable impairment in various cognitive domains including executive function,
learning/memory, attention, processing speed, and language function long after the initial
injury [1].
The concept of cognitive reserve has been used to explain the disparity between the degree of
brain damage and its clinical manifestations. Cognitive reserve postulates that individual
differences in cognitive processes or neural networks underlying task performance allow some
people to recover better or worse from brain injury than others. For example, reserve has been
used to answer why a head injury of the same magnitude can result in different outcomes of
recovery in different people. With every injury to the brain, your reserve capacity to heal from
future injuries is reduced. Therefore, someone with pre-existing brain damage can tolerate less
new brain damage than another individual without this underlying pathology: the preexisting
damage reduces the amount of remaining brain reserve capacity, so the new lesion is sufficient to
exceed the functional impairment cutoff. Every new concussion or brain injury further reduces
the amount of cognitive reserve left in the brain and makes the victim more susceptible to further
damage.
A book written by the Committee on Sports-Related Concussions in Youth, the Board on
Children, Youth and Families, the Institute of Medicine and the National Research Council on
Sports Related Concussions, includes a chapter which specifically discusses the consequences of
repetitive head impacts and multiple concussions on the brain.
Athletes with a history of concussion may have more severe subsequent
concussions and may take longer to recover. Preliminary evidence suggests
that, in addition to the number of concussions an individual has sustained, the
time interval between concussions may be an important factor in the risk for and
the severity of subsequent concussions [16].
A study conducted by Klein, Houx and Jolles, published in the Journal of Nervous and Mental
Disease, looked at the long-term effects of mild to moderate TBI in subjects several decades after
their head injuries were sustained. While the subjects considered themselves to be normal and

healthy individuals, the neurocognitive performance testing revealed them to be inferior to
matched healthy controls in all aspects of primary and secondary memory and on the majority of
tests used to measure speed of performance [17].
According to the U.S. Department of Health and Human Services, Centers for Disease Control
and Prevention, someone suffering repeat concussions is more likely to experience serious
long-term problems including chronic difficulty concentrating, memory, headache, and
problems with physical skills, such as keeping one’s balance. The American Association of
Neurological Surgeons notes, “second-impact syndrome results from acute, often fatal brain
swelling that occurs when a second concussion is sustained before complete recovery from a
previous concussion. This is thought to cause vascular congestion and increased intracranial
pressure, which can occur very rapidly and may be difficult or impossible to control” [18].
A paper authored by Kevin Guskiewicz analyzed the relationship between multiple traumatic
brain injuries and subsequent diagnoses of depression as documented in a study of retired
professional football players.
Compared with retired players with no history of concussion, retired players reporting
three or more previous concussions (24.2 percent) were three times more likely to have
been diagnosed with depression; those with a history of one or two previous concussions
(36.3 percent) were 1.5 times more likely to have been diagnosed with depression [19].
If researchers can detect changes in the brain after a single season of youth football in the in the
absence of a clinically diagnosed concussion, it is not surprising that subjecting a delicate and
extremely complex organ with a jelly-like consistency to the forces often experienced in a fall,
automobile accident, cycling accident, pedestrian accident, or a direct blow to the head, triggers a
cascade of impairments. As detailed and explained above, the consequences of TBI, mild to
severe, can be profound and dramatically impact a person’s life. It is common for such
individuals to experience problems such as headaches, visual disturbances, difficulty thinking,
attention deficits, memory issues, mood swings, frustration, sleep disturbances, and feelings of
depression. Headaches, in particular, are a common symptom of TBI and can be quite
debilitating, making it difficult to carry out daily activities. Seizure activity is common in
patients who have experienced TBI and can show up months or years following the trauma.
Studies have shown that persons suffering a mild TBI have more than two times the risk of
developing post traumatic epilepsy and the risk remained high more than 10 years after the
mTBI [20]. Other recent studies have shown that suffering seizures can shorten one’s lifespan
and contribute to additional brain damage. Additionally, TBI can exacerbate ADHD tendencies.
Even in the absence of any prior ADHD symptoms, TBI can trigger the expression of such
symptoms, including lack of attention, failing to follow through on tasks, poor organization, and
avoiding tasks that require sustained mental effort. Such persons can easily be distracted,
fidgety, talk excessively, and forgetful.
In it’s report to Congress in 2015, the CDC notes:

A TBI can adversely affect a person’s quality of life in numerous ways, including
cognitive, behavioral/emotional, and physical effects that affect interpersonal, social and
occupational functioning. In addition to the impact of TBI on the individual, TBI can
negatively impact families, communities, and the economy…The adverse family effects
of TBI include caregiver distress, depression, and deterioration of family functioning.
Adverse health effects also affect work-related behaviors, and these include difficulties
with social interactions, organizational obstacles caused by an acquired disability, health
and safety concerns, and challenges with work attitude, skills, behavior, and performance.
For working-aged adults, the return to work, school, and other pre-injury activities after
TBI are key elements for life satisfaction. Failure to achieve a self-perceived productive
role in society after TBI comes at personal and economic cost to injured persons, their
families, and society.
Returning to participation in pre-injury social roles also is an important aspect of
functioning for adults following a TBI [8].
Truly comprehending the brain, its intricacies and vulnerabilities to external traumatic forces, is
the starting point to effectively influencing a person’s life path following TBI. The CDC states:
Understanding the epidemiology of TBI, its associated consequences, and the availability
and effectiveness of rehabilitation interventions are crucial to improving the quality of
life of those with a TBI. Well-functioning caregivers and available financial and social
supports contribute to better recovery and outcomes…The availability and level of
insurance coverage are especially important [8].
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