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Expert Opinion

Medico-Legal Aspects of  Concussion

Randolph W. Evans, MD; Adriana M. Strutt, PhD, ABPP-CN

Concussion and the sequelae have been controversial medico-legal issues for over 150  years. The following topics which are 
also important in clinical practice are discussed: definitions of concussion, neuroimaging, onset and prognosis of headaches, 
cognitive impairment, cognitive rehabilitation, post-traumatic stress disorder, and risk of later development of dementia.
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INTRODUCTION
In 1280, Lanfrancus distinguished commotio 

(shaking) cerebri with no damage from contusion cere-
bri with structural damage.1 The word “concussion” 
(from Latin to shake) was first used in the 14th century.2 
In 1674, Boirel suggested that invisible brain damage 
might occur in concussion.3 Concussion has been a 
controversial medico-legal topic for over 150 years.4,5

The following are composite cases that highlight 
the recurring issues which occur in medico-legal cases 
as well as in clinical practice.

CASES
Case 1.—A 24-year-old female was the restrained 

driver of a car that was broadsided. She hit her 
head and was dazed. CT of the brain in the emergen-

cy department was negative. She developed new onset 
headaches with a migraine phenotype 3  days a week 
starting 1 month after the accident. No prior histo-
ry of headaches.

Case 2.—A 40-year-old male was the restrained 
front seat passenger of a pick-up truck hit from be-
hind by an 18-wheeler. He denied loss of consciousness 
at the scene and in the emergency department where 
he reported only neck and shoulder pain. The head 
was atraumatic, the Glasgow Coma Scale score was 
15, and the neurological exam was normal. CT of the 
brain was negative. He saw a chiropractor 1 week lat-
er and was followed for 1 month with complaints of 
only neck and shoulder pain.

Six months later, his attorney referred him to a 
primary care physician who obtained a history of 
brief  loss of  consciousness, frequent headaches, 
memory and concentration problems, anxiety, and 
depression. Neuropsychological testing was reported 
as supporting a diagnosis of  major neurocognitive 
disorder due to a traumatic brain injury. He was re-
ferred to a neurologist who obtained a MRI of  the 
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brain with quantitative diffusion tensor imaging re-
ported as showing significantly reduced functional 
anisotropy in multiple white matter fiber regions con-
sistent with acceleration/deceleration-induced closed 
head injury resulting in diffuse axonal injury to both 
cerebral hemispheres.

Case 3.—A 22-year-old female was shopping in a 
warehouse store when a heavy box fell from a shelf  
hitting her on the head. She was dazed. The Glasgow 
Coma Scale score in the emergency department was 
15 and the CT of the brain was negative. She had daily 
headaches, persistent difficulty with concentration and 
memory, vertigo, and tinnitus that persisted for over 
1  year. She had to take a leave of absence from col-
lege. Neuropsychological testing 1 year after the injury 
was reported as showing major neurocognitive impair-
ment and depression.

Questions.—Why are these 3 cases of interest? What 
is the definition of concussion? Is concussion a mild 
traumatic brain injury? Can concussion be under and 
overdiagnosed? Can concussion be present with a  
normal CT or MRI scan of the brain? Should quanti-
tative diffuse tensor imaging be used to diagnose post- 
traumatic diffuse axonal injury in individual patients?  
Is the term “post-concussion syndrome” problemat-
ic? How long after the injury can headaches have an 
onset to be considered post-traumatic? How often do 
headaches occur after concussion? What is the prog-
nosis of post-traumatic headaches? How often does 
cognitive impairment occur after concussion and in 
what domains? What is the prognosis? What percent-
age have permanent cognitive impairment? Can neu-
ropsychologists misdiagnose or overdiagnose cognitive 
impairment? Why? What is the efficacy of cognitive re-
habilitation for cognitive impairment after concussion? 
How often does post-traumatic stress disorder (PTSD) 
occur after concussion? Can PTSD be overdiagnosed? 
How do you determine return to work after concus-
sion? Does concussion increase the risk for later devel-
opment of dementia?

EXPERT OPINION
Why are these 3 Cases of Interest?.—These cases  

raise questions which commonly arise in medico- 
legal cases and in clinical practice. For case 1, is a mi-
graine phenotype headache with onset 1 month after  

concussion a primary migraine, which arises by coinci-
dence or a post-traumatic headache? Case 2 is a common 
scenario where the patient’s history changes weeks or 
months later from the initial report of no loss or alter-
ation of consciousness. Can you/should you diagnose 
concussion based upon subjective symptoms in medico- 
legal cases? Are neuropsychological testing and  
diffusion tensor imaging MRI reliable methods for 
diagnosing traumatic brain injury? Finally, how often 
does a concussion without loss of consciousness result 
in headaches and clinically significant neurocognitive 
impairment for more than 1 year after the injury?

What is the Definition of Concussion?.—There are 
different definitions of concussion.

According to the American Association of 
Neurological Surgeons, “A concussion is an injury to 
the brain that results in temporary loss of normal brain 
function. Medically, it is defined as a clinical syndrome 
characterized by immediate and transient alteration in 
brain function, including alteration of mental status 
or level of consciousness that results from mechanical 
force or trauma.”6

Definitions have been provided for concussion in 
sport.

According to the American Academy of Neurology 
concussion in sport guideline, “Concussion is recog-
nized as a clinical syndrome of biomechanically in-
duced alteration of brain function, typically affecting 
memory and orientation, which may involve loss of 
consciousness (LOC).”7

The Concussion in Sport Group defines concus-
sion “as a complex pathophysiologic process induced 
by biomechanical forces … results in a range of clinical 
signs and symptoms that may or may not involve loss of 
consciousness. Resolution of the clinical and cognitive 
features typically follows a sequential course. However, 
in some cases symptoms may be prolonged.”8

Although the definitions of concussion in sport 
have been arbitrarily provided to meet the demands of 
sporting organizations for guidelines on recovery and 
safe return to play, the same definitions should apply 
to non-sport concussions.9

Is Concussion a Mild Traumatic Brain Injury  
(mTBI)?.—Yes. Concussion is more accurately de-
fined as a minimal mTBI.10 Different definitions of 
mTBI have been proposed. According to the Ameri-
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can Congress of  Rehabilitation Medicine, mTBI can 
occur after the head being struck, the head striking 
an object, or the brain undergoing an acceleration/de-
celeration movement without direct external trauma 
to the head and is “a traumatically induced physio-
logical disruption of  brain function, as manifested by 
at least one of  the following: (1) any period of  loss of 
consciousness; (2) any loss of  memory for events  
immediately before or after the accident; (3) any al-
teration in mental state at the time of  the accident 
(eg, feeling dazed, disoriented, or confused); and 
(4) 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 
(GCS) of 13-15; and

•	 posttraumatic amnesia (PTA) not greater than 24 
hours.”11

The distinction between concussion and mTBI has 
not been clearly defined.12 The initial Glasgow Coma 
Scale score is between 13 and 15 for mTBI but would 
reasonably be 15 for concussion although this is not 
part of the definitions. The definitions do not provide 
an upper limit for the duration of LOC to distinguish 
concussion from mTBI while the upper limit for LOC 
for mTBI is 30 minutes.

In the past, one distinguishing factor between con-
cussion and mTBI was opined to be that concussion 
was fully reversible which is not true in a minority of 
cases. Conversely, most people with mTBI make a full 
recovery.

Can concussion Be Under and Overdiagnosed?.— 
Yes. Concussion is a clinical diagnosis. The following 
statement for sport-related concussions (SRC) applies 
for all concussions: “Currently, there is no gold or ref-
erence standard for SRC diagnosis, and the diagnos-
tic properties of the various definitions have not been 
studied.”9

Underdiagnosis of Concussion.—Patients may not 
be aware that they had LOC and a witness may not 
have been present. The duration of LOC provided 
may not be accurate because the patient may incorrect-

ly believe that the duration of the post-traumatic am-
nesia was the duration of the LOC. Patients may not  
report or be asked about the acute symptoms of alter-
ation of mental state for example, feeling dazed, disori-
ented, or confused.

The duration of LOC can be assessed in some cases 
by review of medical records (reports of witnesses, first 
responders, emergency department (ED) records, and 
subsequent treaters). However, an adequate history 
may not be taken in the ED to establish the diagno-
sis. In a prospective American ED study of 197 adults 
in Seattle, 56% of mTBI patients were not identified.13 
Although the patients were typically asked about LOC, 
other symptoms typical of concussion such as confu-
sion were not assessed. In a Canadian prospective ED 
study of 250 adults, 16% were not diagnosed with con-
cussion despite meeting criteria.14 In a retrospective 
Australian ED study of 351 adults, only 23.1% with 
confirmed mTBI had this diagnosis clearly recorded in 
the medical notes.15 Subsequent non-neurologist treat-
ers may also not take an adequate history to establish a 
diagnosis of concussion.

Overdiagnosis of Concussion.—It can be difficult to 
determine whether a concussion actually occurred and 
concussion can be easily overdiagnosed based upon 
subjective symptoms. After a non-brain injury, people 
may experience confusion and disorientation due to 
a strong emotional reaction16 which can be misdiag-
nosed as a concussion.

The duration of post-traumatic amnesia may not 
be accurate. Causes for inaccurate durations include 
the following: psychogenic amnesia (due to an acute 
stress disorder or PTSD); the effect of alcohol or drugs 
(either taken by the patient or administered by para-
medics or physicians); and other physical injuries and 
pain.5

Later reports from the patient of their recollection 
may not be accurate because they may incorrectly re-
member what happened or include third party infor-
mation which they believe is their own. Secondary gain 
and malingering can also result in inaccurate reporting.

The symptoms of post-concussion syndrome (PCS) 
are not specific to concussion and their presence alone 
may not determine that a concussion occurred.17 PCS 
mimics include the following: base rate misattribution,18,19 
depression,20 attention-deficit/hyperactivity disorder,21 
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post-traumatic stress disorder,22 chronic pain,23 obstruc-
tive sleep apnea,24 litigation,25 and malingering.26

Can Concussion Be Present With a Normal CT or 
MRI Scan of the Brain?.—Yes. In a meta-analysis, the 
estimated prevalence of intracranial CT abnormali-
ties of patients presenting to the hospital with a GCS 
score of 15 is 5%.27 In a prospective study of 20 pa-
tients with concussion who had MRI scans within 
24 hours and after 3 months compared to controls, there 
were no cases of definite intracranial abnormalities 
due to trauma.28

MRI is more sensitive than CT in detecting the 
following: small amounts of  parenchymal, subdu-
ral, and epidural hemorrhage; contusion; and pos-
terior fossa, brainstem, and diffuse axonal injuries. 
In a prospective study of  135 mTBI patients evalu-
ated acutely in the ED, 27% of  those with normal 
CT scans had an abnormal MRI scan performed 
12 ± 3.9 days after injury.29

Should Quantitative Diffusion Tensor Imaging (DTI) 
Be Used to Diagnose Diffuse Axonal Injury in Individ-
ual Patients With Concussion?.—No. Douglas et al 
conclude the following: “DTI is sensitive at detecting 
TBI at the group level (TBI-group vs control group), 
but there is insufficient evidence to suggest that DTI 
plays a clinical role for diagnosing mild TBI at the indi-
vidual patient level.”30

Is the Term “PCS” Problematic?.—Yes. PCS is a 
symptom complex with many symptoms that may in-
clude 1 or more of the following: headache, dizziness, 
neuropsychiatric, and cognitive.31 PCS is a heterog-
enous disorder with controversy over the definition, 
incidence, etiology, and pathophysiology.32 Many cli-
nicians use the term PCS as a convenient label for the 
sequelae of mTBI, not just concussion. People who 
have not had a concussion can have symptoms which 
meet the criteria for PCS and be overdiagnosed. It is 
more accurate to use the term post-mTBI syndrome 
rather than PCS (although it is unlikely that the use of 
this term will cease just as sciatica is still used). Most 
guidelines and authors prefer the use of the term 
“postconcussion symptoms” rather than “syndrome” 
because of the nonspecificity of the complaints.33

To Be a Post-Traumatic Headache, What Can 
Be the Greatest Latency Between the Concussion and  
Onset?.—According to the International Classification  

of Headache Disorders, 3rd edition (ICHD-3), “Head-
ache attributed to trauma or injury to the head and/
or neck require that headache must be reported to 
have developed within seven days following trauma or  
injury ….”34

The latency is arbitrary and might underdiagnose 
some cases especially for post-traumatic headaches 
with a migraine phenotype where the pathophysiology 
is not understood. A latency of up to 3  months has 
been proposed but may overdiagnose nontraumatic 
headaches as traumatic.35

Consider the 24-year-old female in case 1 with new 
onset headache with a migraine phenotype starting 1 
month after the concussion. Could she have developed 
unrelated new onset primary migraine? Migraine in-
cidence peaks in the 20- to 24-year-old age group in 
women at 18.2 per 1000 person-years36 so the monthly 
incidence is 0.15%

Non-neurologists may not obtain a headache his-
tory so it may not be possible to reliably determine the 
onset and clinical course of post-traumatic headaches 
from the medical records. Conversely, the patient’s re-
call may be inaccurate and they could have had preexist-
ing headaches incorrectly diagnosed as post-traumatic.

How Often Do Headaches Occur After Concus-
sion?.—Headaches have been reported by up to 90% of 
those who are symptomatic after mTBI.37 In a large 
prospective ED study of subjects with mTBI with a 
median Glasgow Coma Scale score of 15, 45% report-
ed headaches in the ED and 51% at 2 weeks (defined 
as new or worsening preexisting headache beginning 
within 7 days after trauma).38 In collegiate athletes, 
headaches were reported by 92.2% after concussions.39

Preexisting migraines may increase following con-
cussion.40 According to ICHD-3, “When a preexisting 
headache with the characteristics of a primary head-
ache disorder becomes chronic or is made significantly 
worse (usually meaning a twofold or greater increase in 
frequency and/or severity) in close temporal relation to 
such trauma or injury, both the initial headache diag-
nosis and a diagnosis of Headache attributed to trauma 
or injury to the head and/or neck (or 1 of its types or 
subtypes) should be given, provided that there is good 
evidence that the disorder can cause headache.”34 
Medication overuse can occur for both preexisting mi-
graines and post-traumatic migraine-type headaches 
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when acute headache medications are overused or with 
the frequent use of pain medications for other injuries.

What is the Prognosis of Post-Traumatic Head-
aches?.—The long-term prognosis of headaches after 
concussion is not certain as studies have investigat-
ed the prognosis of headaches after mTBI, not just 
concussion. Headaches may still be present at 3 months 
in up to 75% and even at 4 years in 20%.41

How Often Does Cognitive Impairment Occur After 
Concussion and in What Domains?.—Cognitive impair-
ment can occur following a TBI of any severity42 and 
even very mild TBIs have been shown to temporarily 
impact cognitive functioning.43 However, the inci-
dence of cognitive impairment post-concussion is not 
certain from the literature. Sample characteristics and 
methodology (eg, operational definitions of injury) can 
make it difficult to interpret findings across studies and 
to generalize results given the possible influence of so-
ciodemographic variables, reported symptomatology, 
preexisting medical and psychiatric conditions, and 
administered cognitive measures (eg, sensitivity and 
specificity).

Research has documented cognitive declines in 
the domains of attention, memory, processing speed, 
and in cognitive (eg, planning, organizing, sequencing, 
set-shifting, and problem solving) and emotional/be-
havioral aspects (inhibition, emotional regulation, be-
havior monitoring) of executive functions.44-49 Memory 
declines typically associated with mTBI include difficul-
ties with acquisition and/or with the strategic aspects 
involved in the encoding process, rather than with the 
consolidation or retention of information.50 Declines 
in serial position learning, semantic organization, and  
interference effects can be observed via standardized 
neuropsychological testing.51

What is the Prognosis? What Percentage Have Per-
manent Cognitive Impairment?.—Prognosis following 
concussion is generally good. Cognitive impairment, 
as measured by neuropsychological outcome measures 
has been shown to improve and resolve in the initial, 
days, weeks, or months.52,53 Several systematic reviews 
involving meta-analysis have shown that the impact of 
mTBI on neurocognitive performance becomes unde-
tectable at the group-level by 3 months post injury.54-59 
Symptoms beyond 1-year post injury are referred to 
as persistent (PCS) and while some literature indicates 

this condition is estimated to impact approximately 
15% of individuals with a first-time concussion,60 find-
ings should be interpreted with caution as the symp-
tom constellation of PCS is non-specific and overlaps 
with other conditions, such as chronic fatigue, fibromy-
algia, and mood disorders.61

Can Neuropsychologists Under or Overdiagnose 
Cognitive Impairment? Why?.—Under and over- 
diagnosing of cognitive impairment is possible and 
neuropsychological data should be interpreted with-
in the examinee’s context and with consideration of the 
individual’s academic, medical, and psychiatric histo-
ry. Underdiagnosis can occur in individuals with high 
levels of premorbid functioning (eg, superior, very  
superior abilities prior to the injury) where neuro-
psychological data evidences subtle declines (eg, 
low average scores), but the clinical classification of 
scores is below the threshold (less than 1.5 or 2 stan-
dard deviations below the mean) to meet criteria for 
a cognitive diagnosis. In these cases, the clinician’s 
acumen is imperative in understanding the obtained 
cognitive profile, the type of typical cognitive changes 
found post-concussion, and the psychometric proper-
ties of the administered measures.

Over-diagnosing of cognitive impairment post- 
concussion can occur when preexisting factors are 
not considered. Previous medical diagnoses of head-
aches,62,63 migraines,64 Attention-Deficit Hyperactivity 
Disorder (ADHD),65-67 learning disability,68 and psy-
chiatric conditions69-72 may influence symptom presen-
tation and these conditions are known to contribute 
to a high baseline symptom score pre-concussion 
and worsened symptom score and neuropsychologi-
cal test performance post-concussion.73,74 Moreover, 
sleep difficulties, pain, and side effects of medication 
(eg, topiramate for migraine prevention) can influence 
performance on neurocognitive outcome measures 
and confound findings.75 A pre-and post-concussion 
comparison of medical and psychological symptoms 
should be conducted to assist with data interpretation, 
as it can be difficult to disentangle the examinee’s cur-
rent presentation from preexisting conditions.

The literature has warned against the negative 
impact of over-diagnosing individuals with cognitive 
impairment because such labels can engender mis-
attribution bias by the examinee.61,76 Furthermore, 
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inaccurate cognitive diagnoses may result in un-needed 
examinations, interventions, and management services 
that are not warranted given the examinee’s medical 
evidence.

Neuropsychologists must employ performance 
validity testing throughout the assessment to examine 
level of engagement and confirm validity of obtained 
data.77,78 In addition, the influence of sociodemo-
graphic variables, including cultural and linguistic fac-
tors, should be considered when examining cognitive 
symptoms in ethnic minorities and non-English speak-
ers as lack of attention to these possible influences can 
result in misdiagnosis.79

What is the Efficacy of Cognitive Rehabilitation for 
Cognitive Impairment After Concussion?.—mTBI is 
characterized as a heterogeneous disorder with a var-
ied clinical presentation. Cognitive rehabilitation pro-
grams differ in regard to addressed cognitive domains, 
level of complexity in regard to assigned work, dura-
tion of intervention, and generalizability of noted im-
provements to real world settings (ecological validity). 
Research has shown that a tailored, active, targeted ap-
proach to mTBI symptoms and impairments will yield 
improvements in cognition and social functioning.80

A literature review conducted by Vanderploeg and 
colleagues81 concerning the effectiveness of cognitive 
rehabilitation and CBT methods on mTBI symp-
toms revealed a dearth of standardization in estab-
lished and studied cognitive rehabilitation procedures. 
Interventions focused solely on cognitive rehabilitation 
spanned in general over 12-15 weeks and hours were 
protocol dependent with varying distribution across 
days. Cognitive rehabilitation in combination with 
cognitive behavioral therapy (CBT) programs revealed 
generally longer intervention periods and this combi-
nation intervention proved most efficacious in allevi-
ating PCS when compared to cognitive rehabilitation 
only. Authors encourage providers to focus on the  
comorbid and underlying the mental health symptoms 
rather than cognitive complaints, especially for those 
who reported PCS.81

Cognitive rehabilitation in the early stages of  
recovery may serve as a buffer against exacerbation of 
future cognitive complaints and impairments. Sample 
demographics of participants in published studies, in-
tervention type (cognitive rehabilitation and combined 

cognitive rehabilitation with a psychological or psy-
choeducational component) and duration of treat-
ment should be examined to better assess the possible 
benefits of cognitive rehabilitation post-concussion. A 
tailored treatment approach is recommended once the 
individual’s cognitive areas of strength and weakness 
have been identified via standardized neuropsycholog-
ical testing.

How Often Does PTSD Occur After Concussion?.— 
Population based estimates of PTSD in the general 
community range from 7 to 8% and higher rates (up 
to approximately 20%) have been reported in Ameri-
can service members returning from deployment82-84 
Research utilizing a screening measure to examine 
symptoms of PTSD in patients admitted  to the hos-
pital and diagnosed with mTBI described PTSD as a 
rare comorbidity following their injury (2.8%).85 Nel-
son et al observed a link between PTSD symptoms and 
concussion in a sample of veterans; yet findings lack 
generalizability to the general population.86

Prevalence of PTSD in cases of mTBI is difficult 
to gauge due to the varied and at times incorrect man-
ner in which the diagnosis of PTSD is made. Mood 
disorders are highly prevalent with depression, anxi-
ety, and somatic preoccupation being most common in 
mTBI87,88 and some of these symptoms can be incor-
rectly interpreted as symptoms of PTSD. This condi-
tion is unique among psychological disorders in that 
diagnostic criteria cannot be met without exposure to a 
traumatic event. The DSM-V defines a traumatic event 
as one in which a person has “exposure to actual or 
threatened death, serious injury, or sexual violence” 
and if  this criterion is not met, reported symptoms do 
not meet criteria for a diagnosis of PTSD.89 Given the 
possible symptom overlap in mental health disorders, a 
diagnosis of PTSD should come from a medical/men-
tal health provider who is knowledgeable in the criteria 
required to meet this diagnosis.

Can PTSD Be Overdiagnosed?.—Yes. The Clinician 
Administered PTSD Scale for  Diagnostic Statistical 
Manual 5th edition (CAPS-5) is the gold standard for 
PTSD assessment and diagnosis.90 This measure along 
with a detailed clinical interview is imperative in assess-
ing whether the criteria for a diagnosis of PTSD are 
met. Mental health providers must utilize their clinical 
acumen, as deviations from the proscribed language are 
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sometimes needed to ensure all required information is 
obtained from the examinee.

What is the Rate of Return to Work After mT-
BI?.—A number of studies have investigated rates of 
return to work and risk factors for not returning to 
work for mTBI but not specifically for concussion. In 
litigation cases, secondary gain and rare cases of ma-
lingering might further decrease the rate of returning 
to work.

A 1-year prospective study of a cohort with mTBI 
found a significant negative association between re-
turn to work at 12 months and psychological distress, 
global functioning post injury, and the sick leave tra-
jectory of the subjects before and after the injury.91 
Another 1-year prospective study of those with mTBI 
found that the rates of return to work increased from 
34% at 2 weeks to 77% at 12 months with partial return 
to work varying from 8 to 16% throughout the year. 
Occupational factors influenced short-term return to 
work while post-traumatic complaints and early signs 
of psychological distress were short- and long-term 
predictors.92 In 1 study, the odds of successful return to 
work were more than cut in half  for each unit increase 
in the numerical pain rating scale.93

Does Concussion Increase the Risk of Later Onset 
Dementia?.—Concussion has not been conclusively 
linked to chronic cognitive dysfunction. Barr reinstated 
previous research findings indicating concussion may 
result in a temporary, “limited functional disturbance” 
over a prolonged disruption to cognitive performance 
that could develop into dementia/Major Neurocog-
nitive Disorder.94 Larrabee indicated that the norm 
following a single, uncomplicated mTBI in regard to 
cognitive functioning is full recovery with no long-term 
residual deficits.95 While a scoping review suggested “a 
single mTBI chronically impairs cognitive function-
ing”96 and subsequent articles97,98 have cited this study 
as illustrating a high rate of cognitive impairment sec-
ondary to concussion, Iverson and colleagues high-
light the methodological errors that resulted in their 
erroneous conclusion.42 Overall, the literature has pro-
nounced the lack of research support for long-term 
cognitive or psychological deficits secondary to con-
cussion.52-54 In light of this highly supported conclu-
sion, healthcare professionals are encouraged to seek 
alternative explanations for reported post-concussion  

symptoms, other than the concussion and a PCS  
diagnosis. Some alternatives may include chronic 
pain,99 mental health symptoms,100 including person-
ality disorders,101 substance use,102 medication side  
effects,103,104 and litigation.105

Research has linked moderate and severe traumatic 
brain injury to a greater risk of developing Major 
Neurocognitive Disorder/Dementia. A prospective 
study by Plassman and colleagues106 found that veter-
ans who had sustained a severe TBI (defined as LOC or 
post-traumatic amnesia lasting longer than 24 hours) 
were 4.5 times as likely to have dementia compared 
with controls. Those who had experienced a moder-
ate TBI (defined as LOC or post-traumatic amnesia 
lasting longer than 30 minutes but less than 24 hours) 
were at 2.3 times greater risk. The study did not find 
an increased risk for the veterans who had sustained 
mTBI (LOC or post-traumatic amnesia fewer than 
30 minutes).

Emerging evidence indicates that repeated mTBIs 
may be linked to a greater risk of chronic traumatic 
encephalopathy (CTE), a neurodegenerative condition 
which in addition to cognitive impairments in complex 
attention, processing speed, memory, and executive 
functioning usually presents with neuropsychiatric 
disturbances, such as apathy, depression, irritability, 
impulsiveness, and suicidality.107 The clinical presenta-
tion of CTE is distinct from the symptoms associated 
with PCS (for those who support the syndrome), as it 
is not the accumulation of symptoms from the earlier 
injuries.108 The number of years of exposure to head 
trauma has been significantly associated with increased 
tau pathology in CTE; chronic and repetitive nature of 
head trauma, irrespective of concussion symptoms, 
has been identified as the central factor of disease50,109

REFERENCES

	 1.	 McCrory PR, Berkovic SF. Concussion: The history 
of clinical and pathophysiological concepts and mis-
conceptions. Neurology. 2001;57:2283-2289.

	 2.	 Victoroff J, Bigler E. What is a concussive brain in-
jury? In: Victoroff J, Bigler E, eds. Concussion and 
Traumatic Encephalopathy: Causes, Diagnosis and 
Management. Cambridge: Cambridge University 
Press; 2019:33-92.



September 20201756

	 3.	 Boirel A. Trite des playes de teste. Alencon: M de la 
Motte atla veuve Malassis; 1674.

	 4.	 Evans RW. The postconcussion syndrome: 130 years 
of controversy. Semin Neurol. 1994;14:323-329.

	 5.	 Evans RW, Ghosh K. A survey of neurologists  
on postconcussion syndrome. Headache. 2018;58: 
836-844.

	 6.	 American Association of Neurological Surgeons. 
Neurosurgical Conditions and Treatments. Concussion. 
Available at: https://www.aans.org/en/Patie​nts/Neuro​
surgi​cal-Condi​tions​-and-Treat​ments/​Concu​ssion. 
Accessed August 3, 2020.

	 7.	 Giza CC, Kutcher JS, Ashwal S, et al. Summary 
of evidence-based guideline update: Evaluation 
and management of concussion in sports: Report 
of the Guideline Development Subcommittee of 
the American Academy of Neurology. Neurology. 
2013;80:2250-2257.

	 8.	 McCrory P, Meeuwisse W, Dvořák J, et al. 
Consensus statement on concussion in sport-the 
5th international conference on concussion in sport 
held in Berlin, October 2016. Br J Sports Med. 
2017;51:838-847.

	 9.	 McCrory P, Feddermann-Demont N, Dvořák J,  
et al. What is the definition of sports-related concus-
sion: A systematic review. Br J Sports Med. 2017;51: 
877-887.

	10.	 McCrory P, Meeuwisse WH, Echemendia RJ, 
Iverson GL, Dvorák J, Kutcher JS. What is the low-
est threshold to make a diagnosis of concussion? Br 
J Sports Med. 2013;47:268-271.

	11.	 American Congress of Rehabilitation Medicine. 
Brain Injury Interdisciplinary Special Interest 
Group, Mild Traumatic Brain Injury Task Force 
Definition of mild traumatic brain injury. J Head 
Trauma Rehabil. 1993;8:86-87.

	12.	 Sussman ES, Pendharkar AV, Ho AL, Ghajar 
J. Mild traumatic brain injury and concussion: 
Terminology and classification. Handb Clin Neurol. 
2018;158:21-24.

	13.	 Powell JM, Ferraro JV, Dikmen SS, Temkin NR, 
Bell KR. Accuracy of mild traumatic brain injury di-
agnosis. Arch Phys Med Rehabil. 2008;89:1550-1555.

	14.	 Rowe BH, Eliyahu L, Lowes J, et al. Concussion di-
agnoses among adults presenting to three Canadian 
emergency departments: Missed opportunities. Am J 
Emerg Med. 2018;36:2144-2151.

	15.	 Pozzato I, Meares S, Kifley A, et al. Challenges in the 
acute identification of mild traumatic brain injuries: 

Results from an emergency department surveillance 
study. BMJ Open. 2020;10:e034494.

	16.	 Ruff RM, Iverson GL, Barth JT, Bush SS, Broshek 
DK; NAN Policy and Planning Committee. 
Recommendations for diagnosing a mild trau-
matic brain injury: A National Academy of 
Neuropsychology education paper. Arch Clin 
Neuropsychol. 2009;24:3-10.

	17.	 Evans RW. Persistent post-traumatic headache, post-
concussion syndrome, and whiplash injuries: The ev-
idence for a non-traumatic basis with an historical 
review. Headache. 2010;50:716-724.

	18.	 Powell GE. Mild traumatic brain injury and post-
concussion syndrome: The importance of base 
rates in diagnosis and clinical formulation. J Neurol 
Neurosurg Psychiatry. 2008;79:237.

	19.	 Mittenberg W, DiGiulio DV, Perrin S, Bass AE. 
Symptoms following mild head injury: Expectation 
as aetiology. J Neurol Neurosurg Psychiatry. 
1992;55:200-204.

	20.	 Iverson GL. Misdiagnosis of the persistent postcon-
cussion syndrome in patients with depression. Arch 
Clin Neuropsychol. 2006;21:303-310.

	21.	 Cook NE, Sapigao RG, Silverberg ND, et al. 
Attention-deficit/hyperactivity disorder mimics the 
post-concussion syndrome in adolescents. Front 
Pediatr. 2020;5:2.

	22.	 Fear NT, Jones E, Groom M, et al. Symptoms of 
post-concussional syndrome are non-specifically re-
lated to mild traumatic brain injury in UK Armed 
Forces personnel on return from deployment in Iraq: 
An analysis of self-reported data. Psychol Med. 
2009;39:1379-1387.

	23.	 Smith-Seemiller L, Fow NR, Kant R, Franzen MD. 
Presence of post-concussion syndrome symptoms in 
patients with chronic pain vs mild traumatic brain 
injury. Brain Inj. 2003;17:199-206.

	24.	 Walia HK. Beyond heart health: Consequences 
of obstructive sleep apnea. Cleve Clin J Med. 
2019;86(Suppl. 1):19-25.

	25.	 Binder LM, Rohling ML. Money matters: A me-
ta-analytic review of the effects of financial incen-
tives on recovery after closed-head injury. Am J 
Psychiatry. 1996;153:7-10.

	26.	 Andrikopoulos J. Post-traumatic headache in mild 
head injured litigants. Headache. 2003;43:553.

	27.	 Borg J, Holm L, Cassidy JD, et al. Diagnostic pro-
cedures in mild traumatic brain injury: Results 
of the WHO Collaborating Centre Task Force 

https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments/Concussion
https://www.aans.org/en/Patients/Neurosurgical-Conditions-and-Treatments/Concussion


Headache 1757

on Mild Traumatic Brain Injury. J Rehabil Med. 
2004;36(Suppl. 43):61-75.

	28.	 Schrader H, Mickeviciene D, Gleizniene R, et al. 
Magnetic resonance imaging after most common 
form of concussion. BMC Med Imaging. 2009;9:11.

	29.	 Yuh EL, Mukherjee P, Lingsma HF, et al. Magnetic 
resonance imaging improves 3-month outcome pre-
diction in mild traumatic brain injury. Ann Neurol. 
2013;73:224-235.

	30.	 Douglas DB, Muldermans JL, Wintermark M. 
Neuroimaging of brain trauma. Curr Opin Neurol. 
2018;31:362-370.

	31.	 Evans RW. Postconcussion syndrome. In: Post TW 
ed. UpToDate. Waltham, MA: UpToDate Inc. 
Available at: https://www.uptod​ate.com Accessed 
June 23, 2020.

	32.	 Kaufman NK, Bush SS, Aguilar MR. What attor-
neys and factfinders need to know about mild trau-
matic brain injuries. Psychol Inj Law. 2019;12:91-112.

	33.	 Quinn DK, Mayer AR, Master CL, Fann JR. 
Prolonged postconcussive symptoms. Am J 
Psychiatry. 2018;175:103-111.

	34.	 Headache Classification Committee of the 
International Headache Society (IHS). The 
International Classification of Headache Disorders, 
3rd edition. Cephalalgia. 2018;38:64.

	35.	 Lucas S, Hoffman JM, Bell KR, et al. A prospec-
tive study of prevalence and characterization of 
headache following mild traumatic brain injury. 
Cephalalgia. 2014;34:93-102.

	36.	 Stewart WF, Wood C, Reed ML, Roy J, Lipton RB; 
AMPP Advisory Group. Cumulative lifetime mi-
graine incidence in women and men. Cephalalgia. 
2008;28:1170-1178.

	37.	 Dwyer B, Katz DI. Postconcussion syndrome. Handb 
Clin Neurol. 2018;158:163-178.

	38.	 Yilmaz T, Roks G, de Koning M. Risk factors and 
outcomes associated with post-traumatic headache 
after mild traumatic brain injury. Emerg Med J. 
2017;34:800-805.

	39.	 Wasserman EB, Kerr ZY, Zuckerman SL, Covassin 
T. Epidemiology of sports-related concussions in 
National Collegiate Athletic Association athletes 
from 2009-2010 to 2013-2014: Symptom prevalence, 
symptom resolution time, and return-to-play time. 
Am J Sports Med. 2016;44:226-233.

	40.	 Ashina H, Porreca F, Anderson T, et al. Post-
traumatic headache: Epidemiology and pathophys-
iological insights. Nat Rev Neurol. 2019;15:607-617.

	41.	 Mullally WJ. Concussion. Am J Med. 2017;130: 
885-892.

	42.	 Iverson GL, Karr JE, Gardner AJ, Silverberg ND, 
Terry DP. Results of scoping review do not support 
mild traumatic brain injury being associated with 
a high incidence of chronic cognitive impairment: 
Commentary on McInnes et al. 2017. PLoS ONE. 
2019;14:e0218997.

	43.	 McCrea M, Iverson GL, McAllister TW, et al. An 
integrated review of recovery after mild traumatic 
brain injury (MTBI): Implications for clinical man-
agement. Clin Neuropsychol. 2009;23:1368-1390.

	44.	 Rabinowitz AR, Levin HS. Cognitive sequelae of 
traumatic brain injury. Psychiatr Clin North Am. 
2014;37:1-11.

	45.	 Chen JK, Johnston KM, Collie A, et al. A validation 
of the post concussion symptom scale in the assess-
ment of complex concussion using cognitive testing 
and functional MRI. J Neurol Neurosurg Psychiatry. 
2007;78:1231-1238.

	46.	 Chow TW, Cummings JL. Frontal-subcortical cir-
cuits. In: Miller BL, Cummings JL, eds. The Human 
Frontal Lobes: Functions and Disorders. New York, 
NY: Guilford Press; 1999:3-26.

	47.	 Goldberg E. The Executive Brain. New York, NY: 
Oxford University Press; 2001.

	48.	 McDonald S, Flanagan S. Social perception deficits 
after traumatic brain injury: Interaction between 
emotion regulation, mentalizing ability, and social 
communication. Neuropsychology. 2004;18:572-579.

	49.	 Roth RM, Isquith PK, Gioia GA. Behavioral Rating 
Inventory of Executive Function-Adult Version 
(BRIEF-A). Lutz, FL: Psychological Assessment 
Resources Inc.; 2005.

	50.	 Morris T. The continuum of traumatic brain inju-
ries: Subconcussion to chronic traumatic encepha-
lopathy. In: Armstrong C, Morrow L, eds. Handbook 
of Medical Neuropsychology. Cham, Switzerland: 
Springer Nature Switzerland AG; 2019:19-39.

	51.	 Delis DC, Kaplan E, Kramer JH, et al. California 
Verbal Learning Test, 2nd edn. San Antonio, TX: 
The Psychological Corporation; 2001.

	52.	 Rohling ML, Binder LM, Demakis GJ, Larrabee 
GJ, Ploetz DM, Langhinrichsen-Rohling J. A meta-
analysis of neuropsychological outcome after mild 
traumatic brain injury: Re-analyses and reconsid-
erations of Binder et al. (1997), Frencham et al. 
(2005), and Pertab et al. (2009). Clin Neuropsychol. 
2011;25:608-623.

https://www.uptodate.com


September 20201758

	53.	 Karr JE, Areshenkoff CN, Garcia-Barrera MA. 
The neuropsychological outcomes of concussion: 
A systematic review of meta-analyses on the cog-
nitive sequelae of mild traumatic brain injury. 
Neuropsychology. 2014;28:321-336.

	54.	 Belanger HG, Spiegel E, Vanderploeg RD. 
Neuropsychological performance following 
a history of  multiple self-reported concus-
sions: A meta-analysis. J Int Neuropsychol Soc. 
2010;16:262-267.

	55.	 Belanger HG, Curtiss G, Demery JA, Lebowitz BK, 
Vanderploeg RD. Factors moderating neuropsy-
chological outcomes following mild traumatic brain 
injury: A meta-analysis. J Int Neuropsychol Soc. 
2005;11:215-227.

	56.	 Belanger HG, Vanderploeg RD. The neuropsycho-
logical impact of sports-related concussion: A meta-
analysis. J Int Neuropsychol Soc. 2005;11:345-357.

	57.	 Binder LM, Rohling ML, Larrabee J. A review of 
mild head trauma. Part I: Meta-analytic review of 
neuropsychological studies. J Clin Exp Neuropsychol. 
1997;19:421-431.

	58.	 Dougan BK, Horswill MS, Geffen GM. Do injury 
characteristics predict the severity of acute neuro-
psychological deficits following sports-related con-
cussion? A meta-analysis. J Int Neuropsychol Soc. 
2014;20:81-87.

	59.	 Pertab JL, James KM, Bigler ED. Limitations of 
mild traumatic brain injury meta-analyses. Brain Inj. 
2009;23:498-508.

	60.	 Rutherford WH, Merrett JD, McDonald JR. 
Symtpoms at one year following concussion from 
minor head injury. Injury. 1979;10:225-230.

	61.	 Stucky KJ, Kirkwood MW, Donders J. Traumatic 
brain injury. In: Stucky KJ, Kirkwood MW, 
Donders J, eds. Clinical Neuropsychology Study 
Guide and Board Review. American Academy of 
Neuropsychology. New York, NY: Oxford University 
Press; 2014:432-447.

	62.	 Register-Mihalik J, Guskiewicz KM, Mann JD, 
Shields EW. The effects of headache on clinical mea-
sures of neurocognitive function. Clin J Sport Med. 
2007;17:282-288.

	63.	 Solomon GS, Haase RF. Biopsychosocial charac-
teristics and neurocognitive test performance in 
National Football League players: An initial assess-
ment. Arch Clin Neuropsychol. 2008;23:563-577.

	64.	 Gil-Gouveia R, Oliveira AG, Martins IP. Subjective 
cognitive symptoms during a migraine attack: A 

prospective study of a clinic based sample. Pain 
Physician. 2016;19:E137-E150.

	65.	 Solomon GS, Haase RF. Biopsychosocial charac-
teristics and neurocognitive test performance in 
National Football League players: An initial assess-
ment. Arch Clin Neuropsychol. 2008;23:563-577.

	66.	 Elbin RJ, Kontos AP, Kegel N, Johnson E, Burkhart 
S, Schatz P. Individual and combined effects of LD 
and ADHD on computerized neurocognitive con-
cussion test performance: Evidence for separate 
norms. Arch Clin Neuropsychol. 2013;28:476-484.

	67.	 Zuckerman SL, Lee YM, Odom MJ, Solomon 
GS, Sills AK. Baseline neurocognitive scores in 
athletes with attention deficit-spectrum disorders 
and/or learning disability. J Neurosurg Pediatr. 
2013;12:103-109.

	68.	 Iverson G, Atkins J, Zafonte R, Berkner P. Factors 
influencing post concussion-like symptom reporting 
in adolescent athletes. Brain Inj. 2014;28:667-668.

	69.	 Covassin T, Elbin RJ, Larson E, Kontos AP. Sex and 
age differences in depression and baseline sport-re-
lated concussion neurocognitive performance and 
symptoms. Clin J Sport Med. 2012;22:98-104.

	70.	 Bailey CM, Samples HL, Broshek DK, Freeman JR, 
Barth JT. The relationship between psychological 
distress and baseline sportsrelated concussion test-
ing. Clin J Sport Med. 2010;20:272-277.

	71.	 Doose-Grünefeld S, Eickhoff SB, Müller VI. 
Audiovisual emotional processing and neurocogni-
tive functioning in patients with depression. Front 
Integr Neurosci. 2015;9:3.

	72.	 Riegler KE, Guty ET, Arnett PA. Neuropsychological 
test performance in depressed and nonde-
pressed collegiate athletes following concussion. 
Neuropsychology. 2020;34:63-76.

	73.	 Cottle JE, Hall EE, Patel K, Barnes KP, Ketcham 
C. Concussion baseline testing: Preexisting factors, 
symptoms, and neurocognitive performance. J Athl 
Train. 2017;52:77-81.

	74.	 Custer A, Sufrinko A, Elbin RJ, Covassin T, Collins 
M, Kontos A. High baseline postconcussion symp-
tom scores and concussion outcomes in athletes.  
J Athl Train. 2016;51:136-141.

	75.	 Loring DW, Williamson DJ, Meador KJ, Wiegand 
F, Hulihan J. Topiramate dose effects on cogni-
tion: A randomized double-blind study. Neurology. 
2011;76:131-137.

	76.	 Roth RS, Spencer RJ. Iatrogenic risk in the manage-
ment of mild traumatic brain injury among combat 



Headache 1759

veterans: A case illustration and commentary. Int J 
Phys Med Rehabil. 2013;1:1.

	77.	 Bush S, Ruff R, Tröster A, et al. Symptom validity 
assessment: Practice issues and medical necessity: 
NAN Policy & Planning Committee. Archiv Clin 
Neuropsychol. 2005;20:419-426.

	78.	 Heilbronner R, Sweet J, Morgan J, Larrabee 
G, Millis S; Conference Participants. American 
Academy of Clinical Neuropsychology Consensus 
Conference Statement on the neuropsychological as-
sessment of effort, response bias, and malingering. 
Clin Neuropsychol. 2009;23:1093-1129.

	79.	 Strutt AM, Stinson JM. The use of performance va-
lidity measures with ethnic minorities and non-native 
English speakers: The need for a cultural perspective 
in neuropsychological practice. (in press).

	80.	 Kontos AP, Collins MW, Holland CL, et al. 
Preliminary evidenced for improvement in symp-
toms, cognitive, vestibular, and oculomotor out-
comes following targeted intervention with chronic 
mTBI patients. Military Med. 2018;183:333-338.

	81.	 Vanderplog RD, Belanger HG, Curtiss G, Bowles 
AO, Cooper DB. Reconceptualizing rehabilita-
tion of individuals with chronic symptoms follow-
ing mild traumatic brain injury. Rehabil Psychol. 
2019;64:1-12.

	82.	 Fann JR, Burlington B, Leonetti A, et al. Psychiatric 
illness following traumatic brain injury in an adult 
health maintenance organization population. Arch 
Gen Psychiatry. 2004;61:53-61.

	83.	 Gates MA, Holowka DW, Vasterling JJ, Keane TM, 
Marx BP, Rosen RC. Posttraumatic stress disorder 
in veterans and military personnel: Epidemiology, 
screening, and case recognition. Psychol Serv. 2012;9: 
361-382.

	84.	 Vasterling JJ, Bryant RA, Keanne TM. 
Understanding post-traumatic stress disorder: 
Implications for comorbid posttraumatic stress dis-
order and mild traumatic brain injury. In: Vasterling 
JJ, Bryant RA, Keanne TM, eds. PTSD and Mild 
Traumatic Brain Injury. New York, NY: The Guilford 
Press; 2012.

	85.	 Choi MS, Seo SJ, Oh CH, Kim S, Cho JM. Incidence 
of Post-traumatic stress disorder after a mild trau-
matic brain injury: Preliminary investigation using 
the brief  neuropsychological screening test. J Korean 
Neurosurg Soc. 2014;55:190-194.

	86.	 Nelson NW, Disner SG, Anderson CR, et al. Blast 
concussion and posttraumatic stress as predictors 
of postcombat neuropsychological functioning 

in OEF/OIF/OND veterans. Neuropsychology. 
2020;34:116-126.

	87.	 Schwarzbold M, Diaz A, Martins ET, et al. 
Psychiatric disorders and traumatic brain injury. 
Neuropsychiatr Dis Treat. 2008;4:797-816.

	88.	 Hannay HJ, Howieson DB, Loring DW, et al. 
Neuropathology for neuropsychologists. In: 
Lezak MD, Howieson DB, Loring DW, eds. 
Neuropsychological Assessment, 4th edn. New York, 
NY: Oxford University Press; 2004:157-185.

	89.	 American Psychiatric Association. Diagnostic and 
Statistical Manual of Mental Disorders, 5th edn. 
Arlington, VA: American Psychiatric Publishing; 
2013.

	90.	 Weathers FW, Blake DD, Schnurr PP, Kaloupek 
DG, Marx BP, Keane TM. The Clinician-
Administered PTSD Scale for DSM-5 (CAPS-5); 
2013. [Assessment]. Available at: https://www.ptsd.
va.gov Accessed February 8, 2020.

	91.	 Vikane E, Hellstrøm T, Røe C, Bautz-Holter E, 
Aßmus J, Skouen JS. Predictors for return to work 
in subjects with mild traumatic brain injury. Behav 
Neurol. 2016;2016:8026414.

	92.	 de Koning ME, Scheenen ME, van der Horn HJ,  
et al. Prediction of work resumption and sustain-
ability up to 1 year after mild traumatic brain injury. 
Neurology. 2017;89:1908-1914.

	93.	 Dumke HA. Posttraumatic headache and its impact 
on return to work after mild traumatic brain injury. 
J Head Trauma Rehabil. 2017;32:E55-E65.

	94.	 Barr WB. Point/counter-point – Links between 
traumatic brain injury and dementia remain poorly  
defined. Archiv Clin Neuropsychol. 2020;35:128-132.

	95.	 Larrabee GJ, Rohling ML. Neuropsychological dif-
ferential diagnosis of mild traumatic brain injury. 
Behav Sci Law. 2013;31:686-701.

	96.	 McInnes K, Friesen CL, MacKenzie DE, Westwood 
DA, Boe SG. Mild traumatic brain injury (mTBI) 
and chronic cognitive impairment: A scoping review. 
PLoS ONE. 2017;12:e0174847.

	97.	 Manzanero S, Elkington LJ, Praet S, Lovell G, 
Waddington G, Hughes DC. Post-concussion recov-
ery in children and adolescents: A narrative review. J 
Concussion. 2017;1:1-8.

	98.	 Bhowmick S, D’Mello V, Ponery N, Abdul-Muneer 
PM. Neurodegeneration and sensorimotor deficits 
in the mouse model of traumatic brain injury. Brain 
Sci. 2018;8:1-11.

	99.	 Dueñas M, Ojeda B, Salazar A, Mico JA, Failde I. 
A review of chronic pain impact on patients, their 

https://www.ptsd.va.gov
https://www.ptsd.va.gov


September 20201760

social environment and the health care system. J 
Pain Res. 2016;9:457-467.

	100.	Chepenik LG, Cornew LA, Farah MJ. The influence 
of sad mood on cognition. Emotion. 2007;7:802-811.

	101.	Hibbard MR, Bogdany J, Uysal S, et al. Axis II psy-
chopathology in individuals with traumatic brain  
injury. Brain Inj. 2000;14:45-61.

	102.	Gould TJ. Addiction and cognition. Addict Sci Clin 
Pract. 2010;5:4-14.

	103.	Barker MJ, Greenwood KM, Jackson M, Crowe SF. 
Cognitive effects of long-term benzodiazepine use:  
A meta-analysis. CNS Drugs. 2004;18:37-48.

	104.	Billioti de Gage S, Bazin BB, Fabienne VH, et al. 
Benzodiazepine use and risk of dementia: Prospective 
population based study. BMJ. 2012;345:e6231-e6242.

	105.	Greve KW, Ord JS, Bianchini KJ, Curtis KL. 
Prevalence of malingering in patients with chronic 

pain referred for psychologic evaluation in a 
medico-legal context. Archiv Phys Med Rehabil. 
2009;90:1117-1126.

	106.	Plassman BL, Havlik RJ, Steffens DC, et al. 
Documented head injury in early adulthood and 
risk of Alzheimer’s disease and other dementias. 
Neurology. 2000;55:1158-1166.

	107.	DeKosky ST, Blennow K, Ikonomovic MD, Gandy 
S. Acute and chronic traumatic encephalopathies: 
Pathogenesis and biomarkers. Nat Rev Neurol. 
2013;9:192-200.

	108.	Stein TD, Montenigro PH, Alvarez VE, et al. Beta-
amyloid deposition in chronic traumatic encepha-
lopathy. Acta Neuropathol. 2015;130:21-24.

	109.	Iverson GL, Gardner AJ, McCrory P, et al. A crit-
ical review of chronic traumatic encephalopathy. 
Neurosci Biobehav Rev. 2015;56:276-293.


