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The
 term Chronic Traumatic Encephalopathy (CTE)
 has recently gained a significant amount of public attention and media coverage, which is partially due to several high profile suicides of former professional athletes, multiple lawsuits filed against the National Football League (NFL), and a popular Hollywood film. Parents and caregivers all across the U.S. are re-evaluating the decision to allow their child to play American football and other contact sports for fear their child might develop neurological complications later in life. The “Concussion Crisis” has contributed to a significant drop in the number of boys ages six to twelve who are participating in tackle football during the last decade. However, a proportion of the information disseminated through the media pertaining to the etiology, neuropathology, and clinical manifestations of CTE
 are not corroborated by empirical research, and are disputed by prominent researchers who study sports related head injury.
This book reviews the existing literature pertaining to the etiology, neuropathology, clinical manifestations, as well as short and long-term impact CTE
 has on various aspects of psychological functioning. Further, we investigate the claim, promulgated by various media sources and clinical researchers, that CTE
 causes depression, violent behavior, and an increased risk for suicide
 by providing an in depth discussion of these subjects that utilizes empirical data, and unique case studies of several retired NFL players that received a comprehensive neuropsychological
 evaluation from a board certified neuropsychologist in South Florida.
1.1 Introduction
In recent years, there has been a significant growth in research pertaining to the neuropathological and neuropsychological
 consequences of concussion and repeated head trauma
 in athletes. Despite decades worth of knowledge that repetitive brain insults increase the risk for developing dementia
 pugilistica, or another forms of neurodegenerative disease (e.g. AD, FTD, etc.) in boxers over time (Corsellis, Bruton, & Freeman-Browne, 1973; Roberts, 1969), such research is limited in the context of football and other contact sports. Currently, there is a paucity of epidemiological research regarding the prevalence, both among professional athletes and the general population, or risk factors that may exacerbate the probability of developing chronic traumatic encephalopathy (CTE)
. The absence of such data restricts any valid interpretation of comparative data between these groups. In a preliminary attempt to calculate the incidence of CTE
, Gardner, Iverson, and McCrory (2013) compared the number of observed cases in a given time period versus the number of athletes who died during the same period and revealed it to be less than 4% of NFL players. Further, he revealed that the incidence rate dropped down to 0.01% if he used all at risk professional athletes as the denominator (Gardner et al., 2013).
Chronic traumatic encephalopathy is a chronic brain disease characterized by degeneration of cerebral tissue that is believed to result from repeated head injuries, including concussions and sub-concussive blows to the head (Gavett, Stern, & McKee, 2011; McKee et al., 2009; Spiotta, Shin, Bartsch, & Benzel, 2011; Stern, Andersen, & Gavett, 2011a; Stern et al., 2011b). The particular pattern of neurodegeneration noted in CTE
 can only be definitively diagnosed upon autopsy, and has been identified in both professional (e.g., boxing, NFL, NHL, CFL, etc.) and non-professional athletes who suffered such injuries through their involvement in contact sports. Further, CTE
 has also been diagnosed in soldiers exposed to repeated episodes of explosive blast-induced mild TBI returning from active duty in the Middle East (e.g. Iraq, Afghanistan, etc.), as well as individuals with epilepsy, victims of physical abuse, and those with developmental disability disposed to head banging behavior. The youngest patient diagnosed with CTE
 to date was 17 years old (McKee et al., 2013). It is important to recognize that in some cases the injuries occurred without a traditional head trauma
, in which the head is hit by another object, but rather by the concussive forces of a blast or the sudden shifting of the bran caused by sudden acceleration or deceleration, as can be seen in fighter pilots, victims of high speed car accidents, or athletes colliding at high speeds even in the absence of observable trauma.
Similar to Alzheimer’s disease and other dementia
 processes, CTE
 has an insidious onset and gradual course, which means that the clinical manifestations of the disease develop slowly overtime, often without an individual’s awareness. In most cases, symptoms present several years after an individual has recovered from their last concussion or sub concussive blow to the head (Gavett et al., 2011). By the time the clinical manifestations associated with CTE
 become noticeable, the disease process is well established in the brain. This trajectory is distinct from the course of post-concussive syndrome, where individuals experience the acute symptoms of a concussion for a prolonged period of time (Baugh et al., 2012).
The neuropsychological
 and neuropsychiatric
 symptoms associated with CTE
 fall into three main categories, which include cognition, mood, and behavior. McKee et al. (2009) classified four stages of progression through histopathological analysis of 68 brains that were donated to and conducting clinical interviews with family members of the deceased subjects. The combination of this data was used to assess the relationship between the progression of clinical symptoms and underlying neuropathology. In the study, Stage 1 was characterized by headache, loss of attention, short-term memory problems, depression, and aggressive tendencies. Further, some individuals may demonstrate executive functioning difficulties and explosive behavior. In Stage 2, individuals experienced these symptoms more frequency and intensely. In addition, a small subset of individuals also experienced suicidal thoughts and language problems. Stage 3 was marked by the same symptoms as in Stage 2, with the addition of visuospatial difficulties, more severe cognitive and memory problems, and apathy. According to McKee, 75% of the individuals classified as Stage 3 displayed significant cognitive impairment
. Stage 4 comprised individuals who demonstrated severe memory loss and cognitive dysfunction, which included deficits in attention and concentration, language, self-regulation, and visuospatial functioning. Further, such individuals reportedly experienced significant changes in mood (e.g. depression), paranoia, visual changes due to declining cognition, progressive dementia
, as well as gait and motor ability (e.g. parkinsonism), which often interferes with one’s ability to live independently (Stern et al., 2011a, 2011b). Dr. McKee and her team reported that over 30% of individuals included in the study were suicidal at some point during the disease process. However, is important to note that the clinical manifestations of the disease are variable, and do not always progress in a predictable and sequential manner, which provides a significant barrier to detecting the early stages of the disease.
Although the clinical presentation and course of CTE
 is individually variable, research supports the potential for two different clinical presentations, which significantly vary in symptomatology and age of onset. According to research, there may be two clinical presentations of CTE
. A study conducted by Dr. Robert Stern, Co-Founder and Director of Clinical Research at Boston University’s Center for the Study of Traumatic Encephalopathy, inspected the brains of 36 male cadavers (17–98 years old), without any coexisting neurological diseases, who had a history of competing in amateur or professional football, hockey, wrestling, or boxing during their life. The researchers reviewed participants’ medical records and conducted comprehensive semi-structured interviews with members of their family to obtain retrospective accounts of each subjects’ clinical presentation while they were alive. In order to control for experimenter bias, research assistants who conducted interviews with informants remained blind to the subject’s neuropathologic findings for the duration of the study (Stern et al., 2013).
The results showed that 22 athletes initially presented with mood and behavioral disturbance, 11 experienced impairment in cognition and memory, and 3 showed no symptoms at all. Their results revealed a significant difference between the average ages individuals with CTE
 experience either cognitive (59 years), or mood and behavioral symptoms (35 years) old), with cognitive symptoms typically appearing much later in adulthood. Further, the researchers reported that while most subjects (86%) who presented with behavioral/mood symptoms eventually develop cognitive symptoms, individuals who initially develop cognitive impairment
 are less likely to develop behavioral or mood symptoms (46%).
Stern and his research team at Boston University interpreted these results as representing two different clinical presentations of CTE
. In one case, the initial features develop at a younger age and involve behavioral disturbance, mood disturbance, or both. In the other case, the initial presentation develops at an older age and involved cognitive impairment
 (Stern et al., 2013). However, critics of this work have suggested that the latter group does not characterize a separate and unique clinical presentation. They argue that the discrepancies between these two groups resulted from an increased proportion of individuals who die prematurely due to suicide
, accidental drug overdose, and other unintentional causes. Future studies should utilize larger sample sizes in order to determine if this characterization captures the broad spectrum of patients diagnosed with CTE
 (Safinia et al., 2016).
While most early researchers of TBI considered CTE
 to be a static encephalopathy (Miller, 1966), more recently it has been proposed that CTE
 is a unique progressive tauopathy (McKee et al., 2013). However, research pertaining to the rate of progression of CTE
 is mixed. The largest study examining the clinical features of chronic brain damage in living subjects reported that approximately one third of all CTE
 cases result in a progressive course, while the majority of cases do not (Roberts, 1969).
Given these mixed findings, it appears that CTE
 may progress in a semi-stepwise manner. The results from previous studies support a continuum of potential outcomes ranging from no concerns, to a second or third injury (Iverson, Brooks, Lovell, & Collins, 2006; McCrory, Johnston, Mohtadi, & Meeuwisse, 2001), to subclinical electrophysiological changes (De Beaumont, Brisson, Lassonde, & Jolicoeur, 2007; Gaetz, Goodman, & Weinberg, 2000), to more subtle cognitive and motor changes (De Beaumont et al., 2009), progressing toward mood and cognitive symptoms (Guskiewicz et al., 2007), and finally to severe injuries such as CTBI (Corsellis et al., 1973; Heilbronner et al., 2009; Jordan et al., 1990; Roberts, Whitwell, Acland, & Bruton, 1990) that have accompanied neurological correlates (Geddes, Vowles, Robinson, & Sutcliffe, 1996; Hof et al., 1992; McKee et al., 2009).
It is important to note that there are currently no universally accepted guidelines for a clinical diagnosis
 prior to one’s death, no in vivo methods to detect biomarkers, nor published prospective or case-controlled studies to corroborate any specific or causal relationships between the clinical manifestations of CTE
 and the underlying neuropathology. As with most dementia
 related syndromes, the later in the course a patient with CTE
 is seen, the more difficult it is to differentiate the specific underlying process based on clinical presentation alone. This presents additional challenges to research, as well as prevention, diagnosis
 and assessment, as well as treatment
 of the disease. However, such research efforts are currently underway (Gavett et al., 2011).
Despite the recent media hype and public concern, CTE
 represents a relatively rare neurodegenerative disease, which does not affect all individuals exposed to concussion or repeated head injury. There are numerous examples of former and non-former athletes with a history of repeated brain trauma that do not develop the clinical manifestations associated with CTE
, providing evidence that concussions alone are insufficient to cause CTE
. Ironically, the cases of individuals who have been exposed to repetitive head injury that do not evidence CTE
 pathology are especially important cases. According to Dr. Lili Hazrati (2017), a neuropathologist and associate professor at the University of Toronto, “some people are clearly resistant to developing this, for reasons we don’t understand” (Gao et al., 2017). As in the case of Alzheimer’s disease, a large number of people may be living with the hallmark brain scarring of C.T.E. without having any related symptoms. Dr. Hazrati points out that the plaques and tangles of Alzheimer’s disease are found in the brains of both individuals who displayed characteristic signs and symptoms of the disease and those showed no evidence of dementia
 while alive. In addition, Dr. Hazrati recently published the first CTE
 case in Canada with no known history of concussion. According to Dr. Hazrati, the patient was cognitively intact and high functioning until his death, and showed no signs of dementia
 or cognitive impairment
. In an interview for a local periodical, she cautioned against focusing on trauma as the only possible trigger of CTE
. Taken together, these findings suggest that additional factors may be necessary to initiate the “neurochemical cascade” frequently observed in such cases (Gao et al., 2017).
While an in depth review of potential risk factors is beyond the scope and purpose of this book, researchers have proposed that longer duration of exposure to head trauma
, age at first exposure, and genetic predisposition may contribute to the development of the disease. However, more research is needed in this area.
1.1.1 Neuropathological Findings
According to McKee et al. (2013), evidence of axonal injury in CTE
 cases is common, and ranges from partially damaged axons disseminated throughout the cortex, subcortical white matter, and deep white matter tracts within the diencephalon in early phases of the disease, to complete axonal loss and associated impairment in in the later stages. The medical term for this type of axonal injury is referred to as axonal varicosity, which results from disruption between microtubules, the microscopic skeletal structure that supports organelle transport within axons (Rogers & Gelfand, 2000). Current research has reported that, over time, such insults lead to diffuse accumulation of hyperphosphorylated tau and TDP-43 proteins, which form neurofibrillary tangles (NFTs) in the perivascular areas of the cerebral cortex, depths of the cortical sulci, and specific layers of cortical laminae.
McKee et al. (2013) concluded that these neuropathological features are unique to CTE
, distinguishing it from other tauopathies. A tauopathy is defined as any neurodegenerative disease that results from the abnormal metabolism of tau proteins. The presence of widespread deposits of tau and NFTs is hypothesized to contribute to neuronal loss and gliosis. The combination of structural and neurochemical changes increase the likelihood of clinically significant early and late post-traumatic disturbances in cognition, emotion, and behavior.
1.2 History
The first person to describe the syndrome, known today as CTE
, was pathologist Dr. Harrison S. Martland. In 1928, he published an article titled “Punch Drunk” in the Journal of the American Medical Association while working as the medical examiner of Essex County, NJ. In this article, he detailed various cognitive, neurological, mood, and behavioral symptoms associated with former boxers who sustained repeated head injury over the course of their career. Specifically, he described impairment in gait and balance, slurred speech, mental confusion, psychomotor and cognitive slowing, and tremors. He warned that 50% of boxers would develop the disease in some form if they continued to receive repeated blows to the head (Corsellis et al., 1973; Martland, 1928). In 1937, Dr. Millspaugh referred to this syndrome as “dementia
 pugilistica”, which is still used by clinicians and researchers to this day.
The largest study examining the clinical features of chronic brain damage in living subjects was published by Roberts (1969) as a monograph. Roberts selected an age-stratified random sample of 250 retired boxers from a list of 16,781, of which 224 were included in the study. He concluded that 17% of the overall sample showed signs of dementia
 pugilistica (11% had a mild form of the syndrome and 6% had severe problems), and 28% of those over the age of 50, which was characterized by prominent motor symptoms, including gait disturbance, dysarthria, and pyramidal problems. Furthermore, he found that 50% of boxers over the age of 50, who had greater than or equal to 150 fights, displayed signs of the syndrome compared with 7% of boxers with less than 50 fights. These results provide support for a potential relationship between dementia
 pugilistica and total number of fights.
In 1973, Dr. John A. Corsellis recorded the first detailed description of the clinical and neuropathological features associated with CTE
 in an investigation of 15 deceased boxers, all between 57 and 91 years old. Dr. Corsellis and his research team noted several structural changes, such as cerebral atrophy, enlargement of the lateral and third ventricles, thinning of the corpus callosum, cavum septum pellucidum with fenestrations and cerebellar scarring. In fact, he noted that 12 of 13 autopsied cases of dementia
 pugilistica had a cavum septum pellucidum compared to less than 2% of all adult autopsies. He also described similar signs of the disease in other athletes with high risk of repetitive head injuries, such as jockeys and wrestlers. This study represented the foundation from which all other studies could compare from, which has ultimately resulted in a pattern of structural brain abnormalities, including the presence of cerebral atrophy, enlarged lateral and third ventricles, thinning of the corpus callosum, cavum septum pellucidum with fenestrations and cerebellar scarring. These neuropathologic changes include, among other things, accumulated neurofibrillary tangles (NFTs), which are believed to be a result of repeated mechanical and rotational forces on the brain (Corsellis et al., 1973; McKee & Daneshvar, 2015). Although these early studies provide a good foundation for the study of repetitive head injury in former boxers, their results are limited by the absence of prospective data to compare findings with, and do not account for co-morbidities such as substance abuse, infection, and vascular or neurodegenerative disease (Nowak, Smith, & Reyes, 2009).

Dementia
 Pugilistica was later referred to as chronic progressive traumatic encephalopathy (Critchley, 1957), chronic traumatic brain injury
 (Jordan et al., 1997) and chronic traumatic encephalopathy to emphasize its chronic and progressive nature (Korngold, Farrell, & Fozdar, 2013). Most researchers now classify dementia
 pugilistica as the potentially progressive, final phase of chronic traumatic encephalopathy observed in former boxers. Some scholars have even relabeled dementia
 pugilistica “classic CTE
”, and make a distinction between “modern CTE
”, which includes any case report published in 2005 or later (Montenigro et al., 2014). According to McCrory, Meeuwisse, Kutcher, Jordan, and Gardner (2013), “Classic CTE
” reflects the clinical descriptions and case studies published by Roberts (1969) and Corsellis et al. (1973), which noted prominent motor symptoms. In contrast, “Modern CTE
” is chiefly characterized by mood and behavioral symptoms as well as later progressive cognitive deficits and dementia
, but with less prevalent motor features. As mentioned above, is important to note that “classic” cases were primarily boxers, whereas more recent cases have been predominately football players. Researchers who have compared the biomechanics of head impact in boxing and football have reported findings that suggest differences in the nature of exposure between sports may account for differences in symptomology (Montenigro, Bernick, & Cantu, 2015). More specifically, previous studies have found that while boxers sustain more angular acceleration and torsional injuries, football players appear to be at higher risk for sustaining transverse and linear acceleration/deceleration injuries (Viano et al., 2005). Further, inertial forces consistent with concussions secondary to playing football have been shown to be 30% greater than the inertial force of a hook punch from a boxer. Viano et al. (2005) interpreted this finding to suggest that linear forces are prominent in causing concussive and subconcussive injury in professional football players. Consistent with this hypothesis, brain-modeling studies have demonstrated that rotational accelerations from hook punches are much greater than rotational accelerations in cases of helmet-to-helmet impact. However, additional research is needed to determine if these differences remain apparent in larger samples.
Most of the early studies on CTE
 have been case reports that lacked proper controls, which significantly limits any valid interpretation of results. Furthermore, unlike other neurodegenerative diseases (e.g. AD, FTD, etc.), the diagnostic criteria for CTE
 was not (and still is not) universally agreed upon among researchers, which led to heterogenetic samples of patients with various forms of neurological impairment. Furthermore, these studies mostly contained relatively small sample sizes and have not been universally accepted in the field.
In 1990, Roberts et al. reported the neuropathological findings of CTE
 in the first female subject, a non-boxer. The case involved a woman who has been physically abused for decades who developed dementia
 with prominent memory loss and confusion several years before her death at age 76 years. The following year, Hof et al. (1991) reported CTE
 in a young woman, 24 years old, who was autistic and displayed prominent head-banging behaviors. Post-mortem analysis of her brain revealed cerebral atrophy, cavum septum, NFT in the perirhinal and entorhinal cortex, amygdala, prepiriform and orbitofrontal cortex in the absence of Aβ deposits, hallmark signs of CTE
.
In 2005, Omalu and his research team described a case of neuropathologically confirmed CTE
 in an American football player. Since that time, there has been increasing public attention to this disease, and reports of CTE
 in deceased football players, including several well-known athletes, have prompted a tremendous focus on repeated concussive and sub-concussive blows to the head (Omalu et al., 2005). The scientific community also has become dramatically more aware of CTE
 since it was discovered in American football players.
In 2008, the Boston VA, Bedford VA, Boston University School of Medicine, and Sports Legacy Institute (now the Concussion Legacy Foundation) opened the center for the Study of Traumatic Encephalopathy and VA-BU-CLF Brain Brank in order to better understand the long-term more effects of repetitive head trauma
 experienced through contact sport participation and military-related exposure (McKee et al., 2012). By 2014, the list of sports whose participants had been diagnosed with CTE
 expanded to include rugby, professional baseball, soccer, ice hockey and American football at the high school, college and professional level. The VA-BU-CLF Brain Bank is currently the largest tissue repository in the world dedicated to the study of traumatic brain injury
 (TBI) and CTE
.
References
	Baugh, C. M., Stamm, J. M., Riley, D. O., Gavett, B. E., Shenton, M. E., Lin, A., et al. (2012). Chronic traumatic encephalopathy: neurodegeneration following repetitive concussive and subconcussive brain trauma. Brain Imaging and Behavior, 6(2), 244–254. https://​doi.​org/​10.​1007/​s11682012-9164-5.CrossrefPubMed

	Corsellis, J. A. N., Bruton, C. J., & Freeman-Browne, D. (1973). The aftermath of boxing. Psychological Medicine, 3(3), 270–303. https://​doi.​org/​10.​1017/​S003329170004958​8.CrossrefPubMed

	Critchley, M. (1957). Medical aspects of boxing, particularly from a neurological standpoint. British Medical Journal, 1(5015), 357. PMCID: PMC1974382.

	De Beaumont, L., Brisson, B., Lassonde, M., & Jolicoeur, P. (2007). Long-term electrophysiological changes in athletes with a history of multiple concussions. Brain Injury, 21(6), 631–644. https://​doi.​org/​10.​1080/​0269905070142693​1.CrossrefPubMed

	De Beaumont, L., Theoret, H., Mongeon, D., Messier, J., Leclerc, S., Tremblay, S., et al. (2009). Brain function decline in healthy retired athletes who sustained their last sports concussion in early adulthood. Brain, 132(3), 695–708. https://​doi.​org/​10.​1093/​brain/​awn347.CrossrefPubMed

	Gaetz, M., Goodman, D., & Weinberg, H. (2000). Electrophysiological evidence for the cumulative effects of concussion. Brain Injury, 14(12), 1077–1088. https://​doi.​org/​10.​1080/​0269905005020357​7.CrossrefPubMed

	Gao, A. F., Ramsay, D., Twose, R., Rogaeva, E., Tator, C., et al. (2017). Chronic Traumatic Encephalopathy-like Neuropathological Findings without a History of Trauma. International Journal of Pathological Clinical Research, 3, 50. https://​doi.​org/​10.​23937/​2469-5807/​1510050.Crossref

	Gardner, A., Iverson, G. L., & McCrory, P. (2013). Chronic traumatic encephalopathy in sport: a systematic review. Br J Sports Med, bjsports-2013. https://​doi.​org/​10.​1136/​bjsports-2013-092646.Crossref

	Gavett, B. E., Stern, R. A., & McKee, A. C. (2011). Chronic traumatic encephalopathy: a potential late effect of sport-related concussive and subconcussive head trauma. Clinics in Sports Medicine, 30(1), 179–188. https://​doi.​org/​10.​1016/​j.​csm.​2010.​09.​007.CrossrefPubMedPubMedCentral

	Geddes, J. F., Vowles, G. H., Robinson, S. F. D., & Sutcliffe, J. C. (1996). Neurofibrillary tangles, but not Alzheimer type pathology, in a young boxer. Neuropathology and Applied Neurobiology, 22(1), 12–16. https://​doi.​org/​10.​1111/​j.​13652990.​1996.​tb00840.​x.CrossrefPubMed

	Guskiewicz, K. M., Marshall, S. W., Bailes, J., McCrea, M., Harding, H. P., Matthews, A., et al. (2007). Recurrent concussion and risk of depression in retired professional football players. Medicine and Science in Sports and Exercise, 39(6), 903. https://​doi.​org/​10.​1249/​mss.​0b013e3180383da5​.CrossrefPubMed

	Heilbronner, R. L., Sweet, J. J., Morgan, J. E., Larrabee, G. J., Millis, S. R., & Conference Participants 1. (2009). American Academy of Clinical Neuropsychology Consensus Conference Statement on the neuropsychological assessment of effort, response bias, and malingering. The Clinical Neuropsychologist, 23(7), 1093–1129. https://​doi.​org/​10.​1080/​1385404090315506​3.

	Hof, P. R., Knabe, R., Bovier, P., & Bouras, C. (1991). Neuropathological observations in a case of autism presenting with self-injury behavior. Acta Neuropathologica, 82(4), 321–326. https://​doi.​org/​10.​1007/​BF00308819.CrossrefPubMed

	Hof, P. R., Bouras, C., Buee, L., Delacourte, A., Perl, D. P., & Morrison, J. H. (1992). Differential distribution of neurofibrillary tangles in the cerebral cortex of dementia pugilistica and Alzheimer’s disease cases. Acta Neuropathologica, 85(1), 23–30. https://​doi.​org/​10.​1007/​BF00304630.CrossrefPubMed

	Iverson, G. L., Brooks, B. L., Lovell, M. R., & Collins, M. W. (2006). No cumulative effects for one or two previous concussions. British Journal of Sports Medicine, 40(1), 72–75. https://​doi.​org/​10.​1136/​bjsm.​2005.​020651.CrossrefPubMedPubMedCentral

	Jordan, B. D., et al. (1990). Head trauma and participation in contact sports as risk factors for Alzheimer’s disease. Neurology, 40, 347. https://​doi.​org/​10.​1212/​WNL.​40.​4.​727.Crossref

	Jordan, B. D., Relkin, N. R., Ravdin, L. D., Jacobs, A. R., Bennett, A., & Gandy, S. (1997). Apolipoprotein E∈ 4 associated with chronic traumatic brain injury in boxing. Journal of the American Medical Association, 278(2), 136–140. https://​doi.​org/​10.​1001/​jama.​1997.​03550020068040.CrossrefPubMed

	Korngold, C., Farrell, H. M., & Fozdar, M. (2013). The National Football League and chronic traumatic encephalopathy: legal implications. Journal of the American Academy of Psychiatry and the Law Online, 41(3), 430–436. PMID: 24051597.

	Martland, H. S. (1928). Punch Drunk. Journal of the American Medical Association, 91(15), 1103. https://​doi.​org/​10.​1001/​jama.​1928.​02700150029009.Crossref

	McCrory, P., Johnston, K. M., Mohtadi, N. G., & Meeuwisse, W. (2001). Evidence-based review of sport-related concussion: basic science. Clinical Journal of Sport Medicine, 11(3), 160–165. PMID: 11495320.Crossref

	McCrory, P., Meeuwisse, W. H., Kutcher, J. S., Jordan, B. D., & Gardner, A. (2013). What is the evidence for chronic concussion-related changes in retired athletes: behavioural, pathological and clinical outcomes? British Journal of Sports Medicine, 47(5), 327–330. https://​doi.​org/​10.​1136/​bjsports-2013-092248.CrossrefPubMed

	McKee, A. C., Cantu, R. C., Nowinski, C. J., Hedley-Whyte, E. T., Gavett, B. E., Budson, A. E., et al. (2009). Chronic traumatic encephalopathy in athletes: progressive tauopathy after repetitive head injury. Journal of Neuropathology and Experimental Neurology, 68(7), 709–735. https://​doi.​org/​10.​1097/​NEN.​0b013e3181a9d503​.CrossrefPubMedPubMedCentral

	Mckee, A. C., Stein, T. D., Nowinski, C. J., Stern, R. A., Daneshvar, D. H., Alvarez, V. E., … Cantu, R. C. (2012). The spectrum of disease in chronic traumatic encephalopathy. Brain. 136(1), 43–64. https://​doi.​org/​10.​1093/​brain/​aws307.Crossref

	McKee, A. C., Stein, T. D., Nowinski, C. J., Stern, R. A., Daneshvar, D. H., Alvarez, V. E., et al. (2013). The spectrum of disease in chronic traumatic encephalopathy. Brain, 136(1), 43–64. https://​doi.​org/​10.​1093/​brain/​aws307.CrossrefPubMed

	McKee, A. C., & Daneshvar, D. H. (2015). The neuropathology of traumatic brain injury. Handbook of Clinical Neurology, 127, 45. https://​doi.​org/​10.​1016/​B978-0-444-52892-6.​00004-0.CrossrefPubMedPubMedCentral

	Miller, H. (1966). Mental Sequele of Head Injury: Mental After-Effects of Head Injury. Proceedings of the Royal Society of Medicine, 59, 257–261. https://​doi.​org/​10.​1177/​00-3591576605900327​.CrossrefPubMedPubMedCentral

	Montenigro, P. H., Baugh, C. M., Daneshvar, D. H., Mez, J., Budson, A. E., Au, R., et al. (2014). Clinical subtypes of chronic traumatic encephalopathy: literature review and proposed research diagnostic criteria for traumatic encephalopathy syndrome. Alzheimer’s Research & Therapy, 6(5), 68. https://​doi.​org/​10.​1186/​s13195-014-0068-z.Crossref

	Montenigro, P. H., Bernick, C., & Cantu, R. C. (2015). Clinical features of repetitive traumatic brain injury and chronic traumatic encephalopathy. Brain Pathology, 25(3), 304–317. https://​doi.​org/​10.​1111/​bpa.​12250.CrossrefPubMed

	Nowak, L. A., Smith, G. G., & Reyes, P. F. (2009). Dementia in a retired world boxing champion: case report and literature review. Clinical Neuropathology, 28(4), 275–280. PMID:19642506.PubMed

	Omalu, B. I., DeKosky, S. T., Minster, R. L., Kamboh, M. I., Hamilton, R. L., & Wecht, C. H. (2005). Chronic traumatic encephalopathy in a National Football League player. Neurosurgery, 57(1), 128–134. https://​doi.​org/​10.​1227/​01.​NEU.​0000163407.​92769.​ED.CrossrefPubMed

	Roberts, A. H. (1969). Brain damage in boxers: study of the prevalence of traumatic encephalopathy among ex-professional boxers. London, UK: Pitman Medical Scientific Publishing Co.

	Roberts, G. W., Whitwell, H. L., Acland, P. R., & Bruton, C. J. (1990). Dementia in a punch-drunk wife. The Lancet, 335(8694), 918–919.Crossref

	Rogers, S. L., & Gelfand, V. I. (2000). Membrane trafficking, organelle transport, and the cytoskeleton. Current Opinion in Cell Biology, 12(1), 57–62. https://​doi.​org/​10.​1016/​S09550674(99)00057-5.CrossrefPubMed

	Safinia, C., Bershad, E. M., Clark, H. B., SantaCruz, K., Alakbarova, N., Suarez, J. I., & Divani, A. A. (2016). Chronic traumatic encephalopathy in athletes involved with high-impact sports. Journal of Vascular and Interventional Neurology, 9(2), 34. PMCID: PMC509425.

	Spiotta, A. M., Shin, J. H., Bartsch, A. J., & Benzel, E. C. (2011). Subconcussive impact in sports: a new era of awareness. World Neurosurgery, 75(2), 175–178. https://​doi.​org/​10.​1016/​j.​wneu.​2011.​01.​019.CrossrefPubMed

	Stern, R. A., Andersen, S. L., & Gavett, B. E. (2011a). Executive functioning. The handbook of Alzheimer’s disease and other dementias, 369–415. https://​doi.​org/​10.​1002/​9781444344110.​ch13.Crossref

	Stern, R. A., Riley, D. O., Daneshvar, D. H., Nowinski, C. J., Cantu, R. C., & McKee, A. C. (2011b). Long-term consequences of repetitive brain trauma: chronic traumatic encephalopathy. Pm&r, 3(10), S460–S467. https://​doi.​org/​10.​1016/​j.​pmrj.​2011.​08.​008.Crossref

	Stern, R. A., Daneshvar, D. H., Baugh, C. M., Seichepine, D. R., Montenigro, P. H., Riley, D. O., et al. (2013). Clinical presentation of chronic traumatic encephalopathy. Neurology, 81(13), 1122–1129. https://​doi.​org/​10.​1212/​WNL.​0b013e3182a55f7f​.CrossrefPubMedPubMedCentral

	Viano, D. C., Casson, I. R., Pellman, E. J., Bir, C. A., Zhang, L., Sherman, D. C., et al. (2005). Concussion in professional football: comparison with boxing head impacts—part 10. Neurosurgery, 57(6), 1154–1172. https://​doi.​org/​10.​1227/​01.​NEU.​0000187541.​87937.​D9.CrossrefPubMed



© The Author(s), under exclusive license to Springer Nature Switzerland AG 2019
Charles J. Golden and Matthew R. ZusmanChronic Traumatic Encephalopathy (CTE)SpringerBriefs in Psychologyhttps://doi.org/10.1007/978-3-030-23288-7_2

2. Clinical Manifestations of CTE: Disruptions in Cognition, Mood, & Behavior

Charles J. Golden1   and Matthew R. Zusman2  
(1)Department of Psychology, Nova Southeastern University, Fort Lauderdale, FL, USA

(2)Department of Psychology, Nova Southeastern University, Fort Lauderdale, FL, USA

 

 
Charles J. Golden (Corresponding author)
Email: charlesgolden@comcast.net

 
Matthew R. Zusman
Email: mz240@mynsu.nova.edu



Keywords
CTEAggressionBrain injuryHead traumaNeuropsychologyNeuropsychiatryNeurologyTreatmentTestingRehabilitationDementiaSuicideDiagnosisMood disordersCognitive impairmentAnimal models
A common and challenging consequence of CTE
 is disruption in cognition, mood, and behavior. Clinical manifestations in these domains appear to be reflective of the regions shown most affected by CTE
. According to published case series and case history reports, such symptoms and are insidious, with a typical onset several years after recovery from the acute effects of repetitive head injury. In many cases, the first neuropathological changes that occur in the earliest stages of the disease present without noticeable changes (Stern, Andersen, & Gavett, 2011a; Stern et al., 2011b). A review of the research reveals consistencies and inconsistencies in the findings.
As previously discussed, researchers have provided evidence for at least two different clinical presentations CTE
 (McKee et al., 2013; Stern et al., 2013), which include a mood and behavioral variant that typically develops in younger age, as well as a cognitive variant that manifests later in life. While cognitive symptoms tend to appear in later stages of the disease among individuals who present with early behavioral and/or mood changes, the reverse is not true for individuals who develop cognitive impairment
 later in life. The symptoms associated with the former may include depression, anxiety, apathy, disinhibition, lack of impulse control, irritability, aggression
, and suicidality, whereas the cognitively impaired group tend to experience memory impairment, executive dysfunction, and dementia
. In either case, symptoms initially present as mild dysfunction (e.g. headache, slight change in concentration or mood, irritability, agitation, etc.), and gradually get worse over time as neurodegeneration continues to progress, with advanced stages resulting in dementia
.
In the late stages of the disease, movement (e.g. parkinsonism, gait changes, etc.), speech, and ocular changes may also appear in the context of diminishing cognition, and interfere with the performance of basic, instrumental, and/or complex activities of daily living independently (Stern, Andersen, & Gavett, 2011a; Stern et al., 2011b; Weiss & Watson, 2015). However, as noted in Chap. 1, the clinical manifestations of the disease are individually variable, and do not always progress uniformly. It is important to note that as with all neurodegenerative disorders, the level of dysfunction in any particular region directly relates to the severity of the associated impairment.
2.1 Relevant Neuroanatomical Structures
While an in depth description of the neuroanatomical substrate for alterations in cognition, mood, and behavior is beyond the scope of this book, researchers have reported that the clinical expressions of CTE
 are consistent with neuropathological changes in the prefrontal cortex, lateral orbitofrontal cortex, medial temporal lobe (e.g. amygdala, hippocampus), thalamus, and caudate nucleus.
2.1.1 Frontal Lobes
The frontal lobes play a critical role in executive cognitive processes and the regulation of emotion and behavior. The prefrontal cortical areas are specifically involved in facilitating these functions, and are organized into five parallel and reciprocally interactive frontal-subcortical circuits, including the frontal eye field subcortical circuit, premotor subcortical circuit, dorsolateral prefrontal cortex, and lateral orbitofrontal cortex. The premotor channel is involved in the organization of voluntary motor functioning whereas the frontal eye field subcortical circuit facilitates motivation and aspects of attention. The dorsolateral prefrontal cortex is responsible for executive functions, including retrieval, categorization, organization, sequencing information, problem solving, abstraction, judgment and insight. These executive functions allow autonomous behavior and decrease behavioral dependency on environmental contingencies. The lateral orbitofrontal cortex modifies social intelligence (Wortzel & Arciniegas, 2013). Further, it plays a critical role in suppressing aggression
 and socially inappropriate behavior, through social insight and judgment.
2.1.2 Medial Temporal Lobe
The medial temporal lobe (MTI) consists of three structures that are essential for human functioning, which include the olfactory cortex, hippocampus, and amygdala. In addition, the MTL contains the parahippocampal, perirhinal, entorhinal cortices. The hippocampus is critical for declarative memory, or the ability to consciously recall facts and events.
2.1.3 Amygdala
The amygdala helps coordinate the autonomic and endocrine system, which are involved in generating emotion and interpreting the emotions of other people. It is important to note that the amygdala can also receive significant input from pathways external to the amygdala that can inhibit or enhance the strength of the response.
2.1.4 Caudate Nucleus
The caudate nucleus is one of three brain structures that comprise the basal ganglia, and represents a critical component in the interplay between different cortical areas in the frontal lobes (e.g. oculomotor, dorsolateral prefrontal, orbitofrontal, etc.) and thalamus. These complex networks facilitate voluntary movement, procedural and associative learning, planning and decision-making, cognitive processing and habit formation (Haber & Knutson, 2010), motivation and goal-directed behavior (Balleine, Delgado, & Hikosaka, 2007), sleep, as well as inhibitory control. The caudate nucleus is partly responsible for alerting us when something is not right and coordinating an appropriate response if necessary. In this way, the caudate functions as a feedback processor that enables us to use knowledge from past experiences to inform future decisions and behavior. Previous studies have shown that damage to the caudate nucleus is positively correlated to problems with general attention (Ersche et al., 2011; Jacobsen, Giedd, Gottschalk, Kosten, & Krystal, 2001). Volumetric reduction of the caudate has been reported in patients’ with Alzheimer’s disease when compared to a healthy control group (Jiji, Smitha, Gupta, Pillai, & Jayasree, 2013).
2.1.5 Thalamus
The thalamus is responsible for relaying sensory information (touch, pain, temperature, etc.) from receptors within the body to the cerebral cortex for further processing and interpretation. Damage to the thalamus results in sensory processing deficits
2.2 Cognition
Cognition is a broad term that encompasses many neurological functions, such as thinking, information acquisition, attention and concentration, inhibition, sensation and perception, and all higher order mental processes. Repeated TBI’s tend to have cumulative effects on cognition, as each additional (even minor) concussion results in increasing amount of damage than any one by itself (Gronwall, 1989, 1991; Gronwall & Wrightson, 1975). Impaired cognition is commonly observed in cases of TBI, and may involve varying levels of difficulty with learning, memory, and executive functioning. Executive functioning is an umbrella term that encompasses several cognitive processes involving mental control and self-regulation. For many individuals with CTE
, cognitive difficulties may be the first signs to emerge, with poor episodic memory and executive dysfunction (Omalu et al., 2011) being two of the most common dysfunctions reported. While the former disrupts the ability to encode, store, and recall autobiographical events, the latter has deleterious effects on decision-making, judgment, insight, and inhibition (Gavett, Stern, & McKee, 2011). This symptomology appears to reflect the neuropathological changes and atrophy of the frontal, and medial temporal lobes described by McKee et al. (2009) in almost all CTE
 cases.
Sports related injuries, especially from contact sports (e.g. boxing, football, soccer, rugby, etc.), have significantly contributed to the research regarding the effects of repeated TBI’s, thus can serve as models for understanding the neuropsychological
 problems associated with repeated head injuries (Drew & Templer, 1992; Erlanger, Kutner, Barth, & Barnes, 1999; Gavett, Stern, Cantu, Nowinski, & McKee, 2010; Macciocchi, Barth, Littlefield, & Cantu, 2001; Matser, Kessels, Lezak, Jordan, & Troost, 1999). In a review of published case studies consisting of 51 neuropathologically confirmed cases of CTE
, McKee et al. (2009) noted that 63% had memory loss, which is consistent with the deterioration of structures within the medial temporal lobe, most notably the hippocampus. However, episodic memory deficits are not always implicated during the course of CTE
. In 2016, Dr. McKee published a case study in JAMA Neurology
 of a 25-year-old college football player who was forced to quit the team and drop out of the university due to the onset of severe headaches, anxiety, and memory difficulties. The case study included a review of his neuropsychological
 profile, which found significant deficits in executive functioning and learning, but not in episodic memory. After his death (unrelated heart attack), his brain was donated to the VA-BU-CLF Brain Bank where it was revealed to have the most advanced case of CTE
 recorded in someone so young.
In 2011, the Cleveland Clinic Lou Ruvo Center for Brain Health in Las Vegas, Nevada launched the Professional Fighters Brain Health Study, a longitudinal cohort study of 224 active professional fighters (boxers and mixed martial artists), retired professional fighters, and 22 controls matched for age and level of education. The main objective was to help determine whether MRI or other cognitive tests can detect subtle alterations in brain functioning due to repeated head trauma
. Bernick et al. (2015) utilized this data to explore the relationship between fight exposure (composite score made from number of professional fights and years of fighting) and brain volumes as well as cognitive functioning. The results from the study showed an inverse relationship between fight exposure and brain volumes, particularly the thalamus and caudate. In addition, speed of processing decreased with decreased thalamic volumes and with increasing fight exposure. Lower volume, reflective of exposure to repetitive head trauma
, was associated with greater likelihood of having cognitive impairment
 (Bernick et al., 2015). As previously described, the caudate nucleus is one of three brain structures that comprise the basal ganglia, and represents a critical component in the interplay between different cortical areas in the frontal lobes (e.g. oculomotor, dorsolateral prefrontal, orbitofrontal, etc.) and thalamus. It functions as a feedback processor that allows us to knowledge from past experiences to inform future decisions and behavior (Swenson, 2006). In this way, the caudate is directly involved in voluntary movement, procedural and associative learning, planning and decision-making, cognitive processing and habit formation (Haber & Knutson, 2010), motivation and goal-directed behavior (Balleine et al., 2007), sleep, as well as inhibitory control.
Dr. Peter Dayan, director of the Gatsby Computational Neuroscience Unit at University College London, has published research findings that suggest humans revise and modify their personal goals through a dopamine-driven system he termed the, “reward prediction error”. Dr. Dayan proposes that future behavior is dictated by constant brain feedback on whether anticipated rewards are as expected, or better or worse than expected, which helps in making rational decisions and exhibiting appropriate goal directed behavior. This pathway allows one to assess the value of a potential reward, estimate the probability of an event occurring or not occurring, predict what the outcome might be, calculate potential risks, and make choices based on secondary rewards such as money, power, and prestige etc. (Dayan, Niv, Seymour, & Daw, 2006) As previously mentioned cases of CTE
 have been known to show particular damage to the caudate nucleus and dopaminergic neurons among other areas and structures in the CNS, which may partly explain poor decision making ability in such individuals.

Neuropsychological tests
 show that patients with CTE
 may acquire deficits in verbal learning and memory, problem solving and decision-making capacity, mental flexibility, impulse control, working memory involving complex attention, processing speed, and mental flexibility (Casson et al., 1984; Jordan, Green, Galanty, Mandelbaum, & Jabour, 1996; Ross, 1987). Drew, Schuyler, Templer, Newell, & Cannon, (1986) administered the Halstead Retian Neuropsychological
 Battery to 19 active professional boxers and 10 matched controls in order to compare their performance across multiple cognitive domains. The researchers reported that 15 of the 19 boxers scored in the impaired range on the Reitan Impairment Index compared to two of the controls, and boxers were more impaired than controls on all tests except finger tapping, seashore rhythm, and the category test. Furthermore, they found a significant association with the severity of boxer’s deficits and a composite variable that added the number of professional matches to the amount of professional losses and draws (Drew et al., 1986). While the results are limited by the significantly small sample size, it represents the first study to use a matched control group, and control for the effect of alcohol or substance abuse on cognitive functioning by excluding any boxer with such history (Heilbronner et al. 2004). A recent study of retired National Football League (NFL) players found an increased rate of cognitive deficits and depression compared to a matched control group, and reported specific deficits in naming, word finding, and visual or verbal episodic memory (Hart et al., 2013).
Mounting evidence from postmortem examination of former football players and retrospective cohort studies of boxers have supported a potential relationship between playing professional football and the development of mild cognitive impairment
 (MCI) and early-onset dementia
. In 2005, a research study led by Dr. Kevin Guskiewicz, a renowned neuroscientist from the University of North Carolina, investigated the relationship between previous head injury and the probability of developing MCI and Alzheimer’s disease amongst 758 retired NFL players, over the age of 50, with a history of concussion. These players were specifically selected due to their age (≥50 years old), and were part of a larger sample of 2552 retired NFL players. The researchers reported that 61% of former players from the total sample sustained at least one concussion during their professional career, and 24% sustained three or more concussions. Further, they found that former players in this latter group were five times more likely to be diagnosed with MCI, and three times more likely to express significant memory impairments than those retired players without a history of concussion, which provides support for a positive relationship between quantity of concussions and rates of MCI. In addition, Dr. Guskiewicz and his research team identified an earlier onset of Alzheimer’s disease in retirees than in the general American population (Guskiewicz et al., 2005). These findings provide support for the hypothesis that exposure to multiple concussions in professional football players is associated with increased incidents of neurodegenerative disease. Further, they call into question how effectively retired professional football players with a history of three or more concussions are able to meet the mental and physical demands of life after playing professional football.
In 2008, the NFL commissioned an independent study into the relationship between exposure to repetitive head trauma
 and late life cognitive impairment
. Researchers asked 1063 retired players, over the age of 50, if their had ever been diagnosed with, “Dementia
, Alzheimer’s disease, or other memory-related disorder. They reported that former players were five times more likely to receive a dementia
 related diagnosis
 than age matched peers in the general population (Weir, Jackson, & Sonnega, 2009). Similar results were reported by Randolph, Karantzoulis, and Guskiewicz (2013) who hypothesized that exposure to repetitive head trauma
 from contact sports over time would result in an increased risk of late-life cognitive impairment
. Researchers administered the WASI-III, RBANS, and AD8 Dementia
 Screening Interview to 513 retired NFL players and found that 35% qualified as having probable mild cognitive impairment
 (MCI), which is significantly greater than would be expected compared to age matched peers (5% for men under 75 years). In addition, they compared the neurocognitive profiles in a subsample of this group to a clinical sample of patients with a diagnosis
 of MCI due to AD revealed a highly similar profile of impairments. While the data suggest that there is a higher prevalence of cognitive impairment
 in retired NFL players than expected by population estimates, the pattern of neurocognitive impairments in those retired NFL athletes with probable MCI did not differ from a demographically matched clinical sample of amnestic MCI patients, suggesting a similar underlying process. The authors attributed the increased prevalence of late-life cognitive impairment
 to diminished cerebral reserve rather than CTE
.
In a recent study of 3400 former NFL players by Lehman, Hein, Baron, and Gersic (2012), the mortality rate from neurodegenerative disease was three times greater than that of the general population. They also reported that by 2007, 334 of them had died at an average age of 54, which is significantly lower than the average life span recorded in the general population. More specifically, the results showed that players who played over 5 seasons in the NFL were three times as likely to die of a neurodegenerative disease, including PD, AD, ALS, than average. However, these results are limited by the relatively small and heterogeneous sample size and absence of neuropathalogically confirmed cases of CTE
.
It is important to note that while there is some commonality between the clinical manifestations (e.g. short term memory difficulty) and results from neuroimaging (e.g. medial temporal lobe atrophy) between CTE
 and other neurodegenerative diseases such as Alzheimer’s disease (AD) Frontotemporal Lobar Degeneration (FTD), and motor neuron disease (e.g. ALS), findings from controlled autopsy studies suggest they are pathologically distinct processes (Corsellis, Bruton, & Freeman-Browne, 1973; McKee et al., 2009). More specifically, patients with Alzheimer’s show an accumulation of amyloid plaques in the temporal lobes and hippocampus whereas they are mostly absent in cases of CTE
, which is an important distinction that can aid in differentially diagnosing one or the other. The infamous and tragic cases of former teammates John Mackey and Ralph Wenzel depict how these impairments can manifest and progress in real life, and how they can be misattributed to other cognitive or neurodegenerative processes, leading to misdiagnosis.
John Mackey played 10 seasons in the NFL and still considered one of the best tight ends of all time. During his career, his was voted to the Pro Bowl five times and inducted into the Professional Football Hall of Fame in 1992. Not only was Mackey successful on the field, after retirement he became the first president of the National Football League Players Association and helped organize a players strike that led to increase benefits and pensions for players. Needless to say, Mr. Mackey was a high functioning individual even after retiring from a long football career from which he had been exposed to multiple brain insults, including a notorious concussion in a 1974 preseason game that led the NFL to move the goalposts deep into the end zone. Accounts from the game report him stumbling onto the opposing teams huddle and then over to a seat on the opposing teams bench after running headfirst into a metal goalpost.
Mr. Mackey was reported to be in his 50s when his wife Sylvia began noticing minor changes in his memory and judgment, as well as some word finding difficulties. When he turned 60 years old, Sylvia was forced to take him to a neurologist due to the severity of his cognitive symptoms. According to his wife, while he was still able to recall old memories, like the 1971 Super Bowl where he made the game winning catch from Johnny Unitas, he was not able to remember what he did the day before. She recalled that he would spend hours playing with his grandchildren, but would forget their visit as soon as they left. Further, while he could identify old teammates from old videos and pictures, he was unable to recognize them at any alumni event or gathering. In addition, he made poor business decisions and was unable to manage his own finances (Carroll & Rosner, 2012).
In conjunction with his cognitive symptoms, he experienced pronounced personality and behavioral changes which prompted a diagnosis
 of frontotemporal dementia
 by his neurologist. Once calm, measured, and mild mannered, he now had a hair-trigger temper and would sometimes scream and curse at his wife in public. John became increasingly paranoid, which made him suspicious of people, including the belief others were trying to steal his possessions. On one occasion, this paranoid delusion became triggered while traveling to an autograph-signing event with his wife. According to reports, Mr. Mackey’s Super Bowl and Hall of Fame rings set off the airport metal detector, which prompted the TSA agent to ask him to remove the rings before re-entering. He allegedly refused to remove the rings and was grabbed by two armed security guards. Mr. Mackey managed to elbow his way past the security guards and was later apprehended by four guards, while his wife, pleading for his mercy, was left mortified and powerless (Carroll & Rosner, 2012). In 2011, John Mackey died in an assisted living facility at the young age of 69.
Eleanor Wenzel also began noticing slight memory lapses and poor judgment in her husband several years after retiring from the NFL. Ralph Wenzel played seven seasons as an offensive lineman in the NFL. According to reports, Mr. Wenzel suffered multiple concussions throughout his career, some of which resulted in loss of consciousness. His wife recalled that initially, he would misplace his belongings, forget to transfer money from their savings account to cover checks he had written, and experience difficulty making decisions without her help, such as picking something to order at restaurants or planning a meal to cook. One day, while coaching high school football in Washington D.C. he began to describe a particular play he wanted the students to work on when one of the players was forced to remind him that they had done it the day before. Soon after this incident, Mr. Wenzel was taken to see a neurologist for an evaluation where he allegedly described feeling like a door was in his head that opened and closed without his control. After his appointment, he was diagnosed with MCI at age 56, and was warned that there was good chance it could progress to Alzheimer’s disease as time went on, despite any family history of dementia
. As the disease progressed, Ralph became unable to care for himself and eventually required assistance with all ADLs. In the most advanced stages, Ralph had to be fork fed by his wife, could not remember his wife or important people in his life, and was limited to mumbling a few senseless syllables when trying to communicate. Ralph Wenzel died in an assisted living facility at age 69, the year after his former teammate and friend John Mackey. After his death, his brain was also donated to the VA-BU-CLF, which uncovered evidence of a severe case of CTE
.
John Mackey and Ralph Wenzel’s brains represent two of the 425 brains that have been donated to the bank since its establishment in 2008. To date, 270 brains have been diagnosed with CTE
 using the most recent criteria set forth by the National Institute of Neurological Disorders and Stroke (NINDS). The most recent study conducted by McKee et al. (2016) examined the brains of 202 football players who had their brains donated to the brain bank. Of the 202 football players, 110 played in the NFL, 8 played in the CFL, 14 played semi-professionally, and 14 played in high school. Certified pathologists analyzed the brains of each subject and remained blind to their clinical history and symptoms. At the same time, clinicians used medical records and conducted interviews with family members to provide detailed accounts of each patient’s demographic features, cause of death, as well as athletic, military, medical, neuropsychiatric
 and social/occupational histories without knowledge of the relevant neuropathological findings. In addition, clinicians asked specific questions related to dementia
, depression, changes in cognition, behavior, mood, motor functioning, and activities of daily living.
The results showed that 177 out of 202 brains met criteria for CTE
, including 110 of 111 from the NFL players (99%); 7 of 8 from the Canadian Football League (88%); 9 of 14 semi-professional players (64%); 48 of 53 college players (91%), and 3 of 14 high school players (21%). Despite recent attempts by various media sources to sensationalize these findings with grossly misleading headlines, the particular collection of brains at the VA-BU-CLF repository is not representative of the NFL, or professional football population, as the researchers state in their article. The brains were donated to the brain bank by families of athletes who were showing severe symptoms of the injury, and not from former players who did not evidence difficulties. When approached on the interpretation of her findings, McKee affirmed that “We can’t say from this sample whether the rate of CTE
 in pro players is one percent or what; we have no idea”. Other critiques of the study have challenged the way researchers grouped brains showing minor traces of CTE
 (Stages 1 and 2) with much more severe (Stage 3 and 4) cases Hazrati, stating that this may have contributed to an inflated hit rate of CTE
. However, supporters of the research point out that only 11 of 177 cases (6%) were characterized as Stage 1, which had no implication on the overall findings. In contrast to McKee’s findings, Dr. Hazrati has reported that only approximately 30% of cases in her lab, which houses the brains of CFL, hockey, rugby, wrestling, boxing, and other contact sport athletes who have been exposed to repetitive concussive and subconcussive injuries, demonstrate CTE
 pathology, and 30% show no signs at all. The discrepancy in reported incidence rate of CTE
 between Dr. McKee and Dr. Hazrati’s labs is a significant finding, which warrants more attention. Potential reasons for this discrepancy include diagnostic differences, selection bias, and other group effects.
2.3 Mood & Behavior
When examining the impact of any disease process or brain damage on mood or behavior one must consider two key elements. First, one must estimate if a change occurred compared to a premorbid level of functioning, which requires an accurate and reliable history of past and/or current functioning in these areas. Second, one must examine the area(s) of the brain involved, and be able to predict the current or future changes.
Alterations in mood and behavior are characteristic features of CTE
. Previous research on TBI suggests that affective changes typically involve either exaggeration or restriction of emotional experience and response (Jorge & Robinson, 2003; Yudofsky, Silver, & Hales, 2008). In particular, neuropathologically confirmed cases of CTE
 have been described by family members and friends as significantly more depressed, hopeless, apathetic, impulsive, anxious, emotionally unstable, verbally and/or physically violent, and paranoid than normal. Other symptoms reported in the literature include poor impulse control, alterations in sex drive, and suicidal thinking or behavior (McKee et al., 2009; Omalu et al., 2011). Similar to most neurodegenerative diseases, the clinical manifestations in these domains are often the most disturbing to patients’ family members and caregivers (Stern et al., 2011b).
As previously mentioned, former NFL players who initially present with behavior and mood problems tend to be significantly younger than those who initially present with cognitive impairment
 (Stern et al., 2013). The differences in average age of onset and notable symptomatology between these groups are likely attributed to variations in their neuropathologic profile. As in all cases of neurological disease or dysfunction, location of damage is a key predicator of psychiatric and behavioral problems. According to research on TBI, damage to the frontal lobes and/or underlying structures causes changes in self-regulation, or the conscious effort to control thoughts, emotion, and behavior given a particular social context. The prefrontal cortex is particularly involved in self-regulatory behavior through a complex network of interaction with other cortical, subcortical, and brainstem structures to integrate cognition and affect. When in tact, these connections allow one to manage their thoughts, feelings, and behavior in effective and flexible ways. Damage to the ventromedial prefrontal cortex causes serious and often debilitating impairments of behavioral control and decision-making. Evidence suggests that emotional reactions guide moral judgments as well as decisions involving personal risks and rewards and that the prefrontal cortex plays a role in these judgments as well. Since emotional regulation affects cognition, there is overlap with executive functioning processes (citing Saarni, 1997).
However, it is important to note that while self-regulation is an active process that requires self-awareness, executive functioning largely proceeds automatically and unconsciously. Chronic inability to regulate affect is characteristic of major mood disorders
 as well as various forms of neurological impairment and disease, which may contribute to erratic behavior, inflexible and perseverative responses, and difficulty following simple instructions (Parker & Bloom, 2012).
In addition to the neurophysiological changes that accompany various forms of neurological disease or impairment that cause an increased rate of psychiatric symptoms and emotional problems, psychosocial stressors have been shown to have a significant impact on emotional and behavioral functioning as well. The combination of biological and psychosocial factors that influence the expression of psychiatric symptoms and behavioral disturbance has led researchers to develop the biopsychosocial model for understanding these complex syndromes and difficulties. Within this model, the psychosocial component reflects the process of adapting to changes produced by a particular syndrome or illness. In many cases, individuals exposed to such impairment experience increased stress and emotional difficulties, which can reduce the effectiveness of coping strategies (if present to begin with) and their ability to adapt to their disease and/or other environmental changes (Webbe, 2011).
Premorbid personality traits such as temperament, distress tolerance, assertiveness, passivity, suspiciousness, stubbornness, dependency, and other characteristics may become exaggerated during the onset of clinical symptoms and affect ones psychological response to the new changes. Temperament refers to persistent components of one’s personality, which form the foundation for relating to others and reacting to environment demands across various situations. These traits are considered to be a biologically based and passed on through genes, thus changes are significant. Relevant temperamental traits include harm avoidance, novelty seeking, reward dependence and persistence. In some cases of CTE
, changes in mood and behavior may be attributable to temperamental traits that were present during a patient’s early childhood, which were modulated through experience, but eventually released as a consequence of TBI or the neuropathological effects of CTE
.
According to research, an individual’s style of coping with the clinical manifestations of CTE
 is vital in determining one’s outcome. Previous research has demonstrated that locus of control affects one’s capacity to habituate the cortisol response. In these studies, participants randomly assigned to a low external locus of control condition (perceived controllability of the situation) experienced reduced stress compared to participants. Studies have shown that subjects habituated quickly to a psychosocial stressor and did not show significant cortisol responses after exposure to the second stimulus. When controllability seems low (low self-esteem and high locus of control scores), then high levels of cortisol remained persistent to the same psychosocial stressor. They reported that subjects with low self-esteem experienced higher levels of stress, regardless of the specific type of stressor, which may represent a particularly salient risk factor for allostatic load (Parker & Bloom, 2012).
Historically, psychosocial problems were not included as part of the clinical features of CTE
, but such symptoms have been emphasized in recent research due to several high profile suicides by former athletes with a history of repeated head injury, including four time Pro Bowler and two time Super Bowl champion David “Dave” Duerson.
Mr. Duerson played safety and defensive back in the NFL for 11 consecutive years. According to his family, he acquired approximately 10 concussions over the course of his career, some of which resulted in loss of consciousness. Like John Mackey, Duerson initially lived a successful life after retiring from football in 1993 and became a successful business owner. However, just as began to settle into his retired life, he started getting left sided headaches, double vision, and began to notice slight changes in short term memory. His wife, Alicia Duerson, recalled first noticing signs something was wrong with her husband once he started making poor business decisions. Further, she recalled that he became impulsive and started to lose his ability to think clearly. During this time she also observed increased mood swings, irritability, and reported that he would verbally attack those around him. She recalled one particular occasion in 2005 where she ended up in the hospital after he attacked her in a hotel room in Indiana. Per her report, he was subsequently charged with assault and they separated for two years.
During this period of separation, Mr. Duerson lost his business, filed for bankruptcy, and foreclosed on his home. Eventually, his symptoms became worse and he started having difficulty spelling simple words, and continued to have more frequent lapses in memory, blurred vision, and sharp headaches. According to records, Mr. Duerson sent a text message to his family three months after his 50th birthday requesting that his brain be donated to the VA-BU-CLF and studied for research purposes. In the same month, he was found dead in his Miami home due to a self-inflicted gunshot wound in the chest. Given his final words to his family, it is suspected that he purposely avoided his head to ensure his brain could be scientifically analyzed. After his death, McKee et al. (2011) uncovered in his brain what he had accurately suspected while alive, CTE
.
The specific areas of Duerson’s brain in which McKee found accumulations of tau were consistent with Alicia’s depiction of his deterioration. Specifically, damage was visible to the inferior and dorsal frontal lobes that are crucial in regulating impulsive behavior, and in the amygdala, which controls emotions such as anger and aggression
. As previously discussed, the amygdala is one of two groups of nuclei primarily associated with emotional processing, which helps coordinate behavioral responses to environmental threats and demands, as well as personal needs and desires. Dr. Gavett, assistant professor at the University of Colorado, Colorado Springs, postulates that the combination of reduced amygdala functioning and impulse control, might contribute to negative clinical manifestations of the disease process, including suicidality (Gavett et al., 2011).
These neuropathological findings are consistent with the alterations in mood and behavior displayed by Mr. Duerson, characterized by cognitive impairment
, mood swings, impulsivity, as well as dramatic and at times assaultive responses. As previously discussed, damage to temporal limbic structures, either by lesion or disease process, is associated with disruption to positive as well as negative emotional reactions, whereas damage to the frontal lobes or subcortical structures often lead to disinhibition, impulsivity, lability, apathy and disinterest (Darby & Walsh, 2005). Such a behavioral profile is consistent with cognitive decline and of executive dysfunction, which is theorized to include emotional regulation and inhibition (Barr & McCrea, 2011; Kandel & Squire, 2000).
Duerson is just one of a number of suicides and murder-suicides recorded among athletes and in recent years. The list also includes former NFL players Terry Long, Andrew Waters, Shane Dronett, Ray Easterling, and Junior Seau, as well as BMX rider Dave Mirra, and professional wrestler Chris Benoit, to name a few. Previous research provides evidence for an increased risk for suicide
, suicide
 attempts, and suicidal ideation in all TBI survivors compared with the general population, even after adjustment for psychiatric comorbidities (Simpson & Tate, 2007). Published findings from population-based studies have reported that patients with TBI have a 3–4 times greater risk of completed suicide
 than the general population as well as significantly higher levels of suicide
 attempts and suicide
 ideation. Clinical studies have also reported high levels of suicide
 attempts (18%) and clinically significant suicide
 ideation (21–22%) in TBI samples. In addition, the National Institute of Mental Health Epidemiologic Catchment Area Program identified a higher frequency of suicide
 attempts in individuals with a history of TBI compared with those without (8.1 vs. 1.9%) (Oquendo, Lizardi, Greenwald, Weissman, & Mann, 2004).
In 2015, Dr. Maroon and his research team published systematic review of all reported pathological cases of CTE
 published between 1954 and 2013. The review included a 149 unique cases (ages 17–98) of CTE
 in individuals who categorized based on participation in a specific sport (e.g. boxing, American football in both NFL and CFL players, ice hockey, and wrestling), highest level of play for given sport (e.g. high school, collegiate, semi-professional, professional), previous military service, or a combination of the above. The researchers reported that the median age of death for the sample (between 60 and 69) was significantly lower than males in the U.S. general population, which is 76.2 years old. Further, they found that while the majority of the CTE
 subjects died from natural causes, 11.7% of the sample died by suicide
 and 17.5% from accidental causes, which is significantly higher than in the general population (1.5 and 4.8%, respectively) (Hoyert, 2012).
While the results from these studies appear to indicate a direct relationship between CTE
 and suicide
, it is important to note that risk factors for suicidality and completed suicide
 are diverse. Specific risk factors that have been shown to be associated with suicide
 in the general population include childhood trauma (e.g. physical abuse, sexual abuse, family violence, etc.), interpersonal or family conflict, financial difficulties, substance abuse, physical illness and poor general health, chronic pain, personality disorders, impulsivity and aggression
, limited social connectedness, and hopelessness. Among these risk factors, the strongest predictors of suicide
 attempts among TBI survivors have been shown to be strong feelings of hostility and aggression
 (Robinson & Jorge, 2005). According to research, the more verbal, behavioral, and mood warning signs an individual demonstrates the greater the risk for suicide
. Research pertaining to the relevant risk factors for completed suicide
 amongst American football players and other contact sport athletes, outside of boxing, is largely absent from the literature. Thus, the neuropathological effects of CTE
 cause or increase the likelihood of completed suicide
 in contact sport athletes, including American football remains controversial.
Dr. Grant Iverson, a prominent researcher in the field of sport related head injury, has been highly critical of media reports and academic articles that promulgate the claim the neuropathology of CTE
 causes depression, and increases the risk for suicide
 in former athletes and soldiers. He argues that no published cross-sectional, epidemiological, or prospective studies have provided evidence for this relationship, and studies that attempt to correlate a complex behavior such as suicide
 with a potential tauopathy have serious limitations. In addition to these methodological challenges, he and other researchers have argued that collision sport athletes and military veterans represent “at risk” populations, which may experience different risk factors and prevalence rates for suicide
 than in the general population (Gardner, Iverson, & McCrory, 2013). According to Iverson (2014), one published epidemiological study suggests that retired National Football League players have lower rates of death by suicide
 than the general population. In addition, he points out that the established risk factors for suicide
 and suicidal ideation in the general population, such as substance use, depression, as well as impulsivity and aggression
, are often comorbid in cases of CTE
, which has to be taken into account when conducting or interpreting epidemiological research with these groups (Iverson, 2014).
A recent study of retired National Football League (NFL) players found an increased rate of cognitive deficits and depression compared to a matched control group, which provides support for Iverson’s analysis (Hart et al., 2013). Consistent data shows individuals with extensive histories of recurrent emotional and behavioral deficits are both at much greater risk for subsequent development or such symptoms post injury or illness as well as at increased risk for poor outcome from treatment
 interventions than are individuals with no prior psychiatric history. This highlights the importance of obtaining an accurate and reliable history of past emotional functioning from which to judge change in current mood or behavioral functioning. Comprehensive assessment is crucial in differentiating a re-emergence or exacerbation of a pre-existing condition from a new manifestation of emotional symptoms or behaviors (Webbe, 2011).
Wortzelet et al. (2013) conducted a systematic review of 85 abstracts from the relevant medical literature in order to search for evidence in support of relationship between CTE
 and suicide
. A total of two studies met inclusion criteria for the review, and included autopsies from 17 unique cases, five of which died by suicide
. Published case reports and case series of these five individuals revealed several suicide
 risk factors based on clinical presentation, including substance use/abuse, depression, chronic pain, male gender, and psychosocial stressors. However, analysis regarding the relative contribution of such risk factors to completed suicide
 and other pertinent information was largely absent. Further, neither study included in the review incorporated design elements (e.g. blinding, control cases, or systematic data collection regarding TBI exposure and/or medical/neuropsychiatric
 history) to control for confounding variables such as experimenter and group bias, which limits the validity of the results (Wortzelet et al., 2013). Given these results and limitations, the researchers rated the quality of evidence regarding a relationship between CTE
 and suicide
 as very low. The existence and nature of the possible relationships between concussions, CTE
, and completed suicide
 can only be established through a large scale, well designed, prospective cohort study.
2.3.1 Depression
Increased rates of psychiatric symptoms, including depression, are associated with any acute or chronic medical illness (Yudofsky et al., 2008; Lezak, 2004). Depression is a multifaceted clinical syndrome that involves several dysfunctional processes that are associated with different neural networks. Contemporary neurobiological models of depression and related disorders theorize that mood changes are caused by distorted connections between cortical and subcortical areas of the brain that are implicated in generating and regulating emotion (Villanueva, 2013; Nestler, Gould, & Manji, 2002).
These networks include the dorsomedial prefrontal cortex, medial and lateral orbitofrontal cortex, anterior cingulate cortex, amygdala, hippocampus, and aspects of the basal ganglia. Structural neuroimaging studies of depressed patients have reported decreased grey matter volume in these brain regions (Bora, Harrison, Davey, Yücel, & Pantelis, 2012; Du et al., 2012), increased connectivity in subgenual anterior cingulate cortex and thalamus (Greicius et al., 2007), as well as reduced dorsolateral prefrontal cortex metabolic activity (Bench et al., 1992; Rogers et al., 2004) at rest and in response to emotional stimuli (Davidson, 2003), which provides support for a neurobiological basis of depression (Drevets, Price, & Furey, 2008). Research on depressed patients has also found reduced emotional reactivity to positive and negative stimuli, a quality that has been labeled “context insensitive” (Bylsma, Morris, & Rottenberg, 2008). Furthermore, such studies revealed that certain depressed participants had trouble recovering from negative emotional events after becoming emotionally activated during the experiment, which suggests problems with suppressing or regulating negative affect (Salomon, Clift, Karlsdóttir, & Rottenberg, 2009).
Despite the overwhelming literature linking various neurological structures, neurotransmitters, and hormones, one must keep in mind that anatomical differences, as reported in these studies, may reflect pre-existing abnormalities, former use of medications, and a list of other factors, which makes it challenging for any researcher to determine the direction of causality in this relationship, or any other. Nevertheless, it is important to note that these same structures and connections are also implicated in the pathophysiology of CTE
 and FTD, which may account for the overlapping symptomatology and the frequent diagnostic confusion between diseases, as with the case of John Mackey (Steeley et al., 2008). The biochemical changes associated with CTE
 result in neuronal loss and cell death, which is a potential mechanism for lifelong depression. Moreover, while the depressive symptoms experienced by individuals with CTE
 are quite similar to those seen in depressed adults who are cognitively intact (Chemerinski, Petracca, Sabe, Kremer, & Starkstein, 2001), it seems that certain symptoms (e.g. irritability, social isolation, etc.) may be present more frequently than others (e.g. anhedonia) (Olin et al., 2002). If left untreated, depression can lead to suicide
.
Researchers have identified several psychosocial correlates between TBI and depression. The most common correlate is the disruption of social relationships. Old friendships are often disrupted, and it is often difficult for the TBI patient to form new friendships. Many TBI patients may delay their return to work or never work again, which can negatively influence any relationships with coworkers. The depressed TBI patient most likely does not engage in activities that were once enjoyable; this can cause social isolation and lowered self-image. It is also important to note that any TBI patient with a history of preexisting depression is likely to suffer from bouts of depression after a head injury (Guskiewicz et al., 2005).
In 2005, Guskiewicz and his research team investigated the relationship between previous head injury and the probability of being diagnosed with depression amongst 2552 retired professional football players. The players included in the study were an average of 53 years old and played professionally for an average of 6.6 years. All participants were asked to fill out a general health questionnaire (SF-36) that was comprised of a diverse set of items pertaining to musculoskeletal, cardiovascular, and neurological conditions that each player had endured during and after his career. The researchers involved in this study were primarily interested in participants’ responses to items concerning neurological conditions, which included relevant information about previous concussions, as well as other medical (e.g. Parkinson’s disease, Alzheimer’s disease, and schizophrenia) and psychological (e.g. depression) conditions. The results showed that former professional football players who suffered multiple concussions were three times more likely to become diagnosed with depression than players who denied any concussion history. Further, players who sustained one or two concussions were one and a half times more likely to be diagnosed with depression compared to non-concussed players (Guskiewicz et al., 2007). It is important to note that the researchers found that a single concussion did not provide the risk for subsequent depression.
A more recent study, conducted by Didehbani, Munro Cullum, Mansinghani, Conover, and Hart (2013), investigated the relationship between prior concussions and depression in a sample comprised of 30 retired NFL athletes and 29 age and IQ matched controls without a history of concussion in order to compare groups. Both participant groups provided relevant details about their neurological history, received a neurobehavioral examination by a neurologist (e.g. detailed mental status) and were administered a comprehensive neuropsychological
 battery, which included the Wechsler Adult Scale of Intelligence (Wechsler, 1999), Trail Making Test parts A and B (Reitan, 1958), the Wechsler Adult Intelligence Scale—Fourth Edition (Wechsler, 2008) Digit Span and Coding subtests, verbal fluency, Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983), Rey-Osterrieth Complex Figure Test (Rey, 1941), California Verbal Learning Test-II (Delis, Kramer, Kaplan, & Ober, 2000), Semantic Object Retrieval Test (SORT; Kraut et al., 2006), and the BDI-II. Didenbani (2013) and his team utilized the Buckley three-factor model (2001) of the BDI-II to capture the three dimensions of depression reported in factor analytic studies of the measure (Buckley, Parker, & Heggie, 2001; Green, Felmingham, Baguley, Slewa-Younan, & Simpson, 2001), which include affect, cognition, and somatization. The results showed that 12 of the 30 retired players endorsed mild-to-moderate symptoms of depression on the BDI-II, of which 10 had no history of prior testing
 or treatment
. In contrast, 3 out of 29 participants in the control group endorsed mild symptoms of depression while the rest received minimal scores.
The authors concluded that the percentage of retired athletes endorsing mild-to-moderate symptoms of depression (40%) is higher than the national average of 15% of older adults experiencing symptoms of depression. In addition, they found that while retired athletes obtained significantly higher scores on all three Buckley factors on the BDI-II compared to control, only the cognitive factor was significantly correlated with the number of concussions. This suggests that repeated head injuries are associated with “cognitive” symptoms of depression such as sadness, feelings of guilt, and critical self-evaluations. In contrast, somatic and affective symptoms of depression were not significantly correlated with history of concussion (Penninx et al., 1998).
2.3.2 Anxiety
In addition to depression, anxiety is prevalent among patients suffering from TBI and neurodegenerative diseases, with prevalence estimates ranging from 5 to 21% for anxiety disorders, and from 8 to 71% for anxiety symptoms for the latter group (Seignourel, Kunik, Snow, Wilson, & Stanley, 2008). Anxiety reflects uncontrolled feelings of apprehension and persistent worry or concern (Brown & Barlow, 2009), which causes automatic alterations in metabolic and organ functions classically known as the “fight or flight response”. For individuals with anxiety disorders, this autonomic response is out of control, and is triggered in response to non-threatening cues, which can cause significant distress and impairment in functioning. Specific forms of anxiety can appear in response to animals or objects (specific phobia), social situations (social anxiety disorder), traumatic experiences (post-traumatic stress disorder), fear of contamination (obsessive-compulsive disorder), and many other biological and environmental causes. In addition, diffuse, pervasive, and non-specific worry is characteristic of generalized anxiety disorder. Despite the variability in etiology of anxiety, as well as the duration and severity of the response itself (e.g. panic attack versus chronic worry), all anxiety disorders involve dysregulation of fear (Öhman & Mineka, 2001).
Fear is a vital emotion that is elicited in response to threatening stimuli. Previous studies have outlined a neural basis supporting fear, which emphasize the role of the amygdala (LeDoux, 2000). These studies have provided the foundation for complex models that theorize anxiety may be caused by a combination of hyperactivity in areas of the brain that generate emotion along with hypoactivity in networks involved in emotion regulation, that ordinarily aid in modulating fear. Consistent with this hypothesis, patients with anxiety disorders have demonstrated increased connectivity and hyperactivity in the amygdala, anterior cingulate cortex, insula, ventromedial prefrontal cortex, and other structures involved in producing affect (Pannekoek et al., 2013), in response to negative emotional cues (Etkin & Wager, 2007; Freitas-Ferrari et al., 2010). In contrast, such patients have reported reduced connectivity and hypoactivity between structures and regions that facilitate emotional regulation, including the orbitofrontal and dorsolateral prefrontal cortex (Etkin, Prater, Schatzberg, Menon, & Greicius, 2009; Hahn et al., 2011). Post-mortem analyses of individuals diagnosed with CTE
 have showed severe damage in these areas of the brain, which may partly explain incidence in this population.
2.3.3 Apathy
Another problematic symptom featured in the CTE
 profile is apathy, which includes cognitive, affective, and behavioral symptoms that are characterized by lack of interest in pursuing goal-directed activities, emotional blunting, and decreased motivation (Marin, 1991; Robert et al. 2002). Apathy is one of the most frequently observed behavioral symptoms associated with neurodegenerative disease (e.g. AD, FTD, etc.), and often represents one of the most significant challenges for patients’ caregivers and family members (de Vugt et al., 2006; Massimo et al., 2009). The previously discussed case of former NFL Hall of Fame tight end John Mackey highlights this change. Per his wife’s report, Mr. Mackey went from an extremely energetic and highly motivated football star and business owner, to laying in bed for hours at a time glaring at the Weather Channel (Carroll & Rosner, 2012). Subtle apathetic changes, as demonstrated with this example, are typically underreported in cases of TBI, which has forced researchers to predominantly rely on informant reports of such symptoms (Eslinger, Moore, Antani, Anderson, & Grossman, 2012; Robert et al., 2002).
2.3.4 Disinhibition
Other “not so subtle” changes that family members recall when asked to provide retrospective accounts of their loved one’s disease course are symptoms associated with disinhibition. Disinhibition refers to lack of restraint or inability to delay a response, which may manifest as problems with impulsivity, irritability, as well as inappropriate sexual behavior. Such symptoms are similar to the diagnostic criteria for mania or hypomania, and are common following brain injury
, or lesions, particularly to the orbitofrontal cortex (Starkstein & Robinson, 1997), which is particularly vulnerable in cases of CTE
 (Gavett et al., 2011). According to research, disinhibition syndrome has characteristics in common with antisocial personality disorder, and can be involved in violent behavior (Parker & Bloom, 2012). In social contexts, these deficits lead to poor maintenance of social boundaries and violations of social norms, which can disrupt relationships and lead to isolation. This became the ultimate fate of Hall of Fame center Mike Webster, or “Iron Mike”, the first former NFL player diagnosed with CTE
.
Mike Webster led a sensational 17-year career in the NFL playing with Pittsburgh Steelers and Kansas City Chiefs. Throughout his career, he was known for his toughness and tenacity on the field. By the time he retired at the age of 38 years old, Webster had already began to show signs of CTE
. According to personal accounts from Mike Webster’s family, he exhibited problems with memory, severe depression, and all types of odd and eccentric behavior, which left them shocked and frightened. One night while eating dinner with his family, Mr. Webster excused himself from table, walked over to the stove, opened the oven, urinated in it, and then casually returned to the table as if he had just used the bathroom.
Mr. Webster’s family recalled several other incidents of bizarre behavioral displays, including one occasion he was found squeezing superglue onto his gums in a confused attempt to reattach rotted teeth to his jaw. Further, they also noted elevations in aggression
, and intense rages where he would smash his precious football memorabilia or destroy items in the household. According to these reports, Mr. Webster was unable to hold a job and purportedly wasted the family’s savings through bad business ventures. When his old friends and teammates offered their support, he allegedly pushed them away and was soon found living in the streets, homeless. In 2002, Mike Webster was found dead at the age of 50 years old (Carroll & Rosner, 2012).
2.3.5 Aggression & Violence

Aggression
 and physical violence, as reported by Mike Webster’s family and many others, have been noted in many cases of TBI, neurodegenerative disease, and other forms of neurological dysfunction, including CTE
. Although these terms are often used interchangeably by most laymen, aggression
 is scientifically defined as any observable behavior intended to cause harm to another (e.g. psychological, physical, and/or property damage), whereas violence is the physical act of aggression
. Aggression
 can be externally or internally directed. External aggression
 often manifests as verbal outbursts and assaultive behavior, whereas internal aggression
 is self-directed and characteristic of suicidal and t so subtle” changes that family members recall behavior (Wortzel el al., 2013). In either case, the precipitating emotion is generally anger, which can be caused by multiple feelings such as injustice, distrust, hopelessness, superiority, and vulnerability. Feelings of hopelessness have been reported prior to incidents of self-injurious behavior. The subtle difference between these terms suggests that not all aggression
 leads to violence, and not all violence is triggered by anger. Violent behavior may be attributable to impulsivity, reactivity, defensiveness, mental illness, substance use, cultural belief practice, as well as other personal (e.g. personality traits, coping style, current levels of distress, etc.) and environmental factors (e.g. situation and context).
There has been a recent effort among various researchers to explore the relationship between aggression
 and violence in individuals exposed to repetitive concussive and/or subconcussive head trauma
 secondary to participating in contact sports, especially American football. As previously mentioned, many of these athletes have struggled with depression, substance abuse, anger, cognitive impairment
, and suicide
. However, like suicide
, the question of whether the neuropathological effects of CTE
 cause or increase the likelihood of aggression
 or physical violence in this population remains controversial.
Dr. Iverson (2014) and other researchers have been just as critical of claims CTE
 increases the risk for aggression
 and physical violence in former athletes and military veterans as they have suicidality. They affirm that complex behavioral phenomenon, such as aggression
 and suicide
, arise from numerous factors and are difficult to predict in individual cases, which limits empirical efforts to establish a direct link with CTE
. Further, while information regarding prevalence rates and relevant risk factors is available for individuals in the general population, researchers point out such data is largely absent among current and former NFL players, as well as other populations of contact sport athletes. Specific factors that have been theorized to contribute to the development of aggressive or violent behavior include social status, personal issues, and institutional forces (Perry & Perry, 2015).
According to Iverson and other medical professionals, former NFL football players represent a “high risk” population, which may experience different risk factors and prevalence rates for aggression
 and physical violence than in the general population (Iverson, 2014). However, such research is currently mixed. While previous studies have suggested that former NFL are more susceptible to increased rates of substance use, mental illness, and violent behavior than the general population (Maroon et al., 2015), one study found that arrest rate for violent crime among a sample of NFL players was less than half that found in the general population.
Additional large-scale prospective studies are needed to establish relevant risk factors in this population, which must be taken into account when conducting or interpreting epidemiological research with this group. In addition, future studies should compare suicidal ideation, suicide
 attempts, and completed suicide
 in former athletes with and without a history of repetitive head injury in order to determine any potential risk for completed suicide
. Nevertheless, neuroanatomical models and various research studies support the possibility of a more direct relationship.
Established principles of brain organization and function can contribute valuable insight into the neurological structures involved in the expression of aggression
 and violence. Impulses in the brain are mediated through a constant interplay between the excitatory activity of primitive brainstem regions of the brain and the inhibitory activity of sub-cortical and cortical areas. Stimuli that facilitate an increase in activity or reactivity of the brainstem (e.g., chronic traumatic stress, testosterone, dysregulated serotonin or norepinephrine systems) or decrease the inhibiting function of the limbic or cortical areas will lead to elevations in aggression
, violence, and impulsivity. As the brain develops, structures within cortical and subcortical areas of the brain begin to become organized, which allows them to exert control over primitive responses derived from the brainstem and develop the capacity to tolerate distress or frustration (Mega & Alexander, 1994).
The lateral orbitofrontal cortex appears to play a key role in suppressing aggression
 by supporting prosocial behavior, insight, and judgment, while inhibiting contextually inappropriate, primitive behavioral responses that arise from limbic structures. As previously discussed, this structure is particularly vulnerable in cases of CTE
, which may partly explain the frequency of aggressive behavior in such individuals.
In addition to the orbitofrontal cortex, damage to the temporal limbic structures, especially the amygdala, often manifests as sudden, unprovoked aggressive outbursts. As previously discussed, the amygdala plays a critical role in the display and modulation of aggression
 (Blair, 2008). Animal studies have shown that stimulating the amygdala appears to increase both sexual and aggressive behavior. Likewise, studies using brain lesions have shown that harm to the amygdala may produce the opposite effect. Neuroanatomical models of aggression
 are associated with alterations to specific neurotransmitters and neurohormones such as serotonin and testosterone.
Serotonin (5-HT) is primarily found in the gastrointestinal tract (GI tract), blood platelets, and central nervous system. A majority of serotonergic axons in the central nervous system project to the prefrontal cortex. The primary functions of serotonin include regulating intestinal movements, mood, appetite, and sleep. Previous research has also implicated serotonin in sensorimotor function and aspects of learning and memory. More specifically, several studies using rodents demonstrated that brain changes in extracellular serotonin levels influenced the acquisition of cued fear memories (Burghardt, Sullivan, McEwen, Gorman, & LeDoux, 2004; Burghardt, Bush, McEwen, & LeDoux, 2007). In general, the serotonin has an inhibitory action in the brain (Daw, Kakade, & Dayan, 2002; Yan, 2002), including the inhibition of aggression
 (Davidson, Putnam, & Larson, 2000; Volavka, 1999). In healthy brains, serotonin functions to inhibit the firing of the amygdala, which controls fear, anger and other emotional responses. In contrast, disruption to serotonergic axons within the forebrain have been shown to facilitate aggressive behavior (Vergnes, Depaulis, Boehrer, & Kempf, 1988).
In 2011, clinical research fellow Dr. Luca Passamonti and his team at the University of Cambridge published findings from a double-blind, placebo-controlled study that supports serotonin’s prominent role in emotional regulation, and preliminary evidence for its involvement in the modulation of impulsive aggression
 during a social decision making task. The researchers operationally defined impulsive aggression
 as the tendency to response with aggression
 when confronted with mounting frustration. The study consisted of 19 healthy volunteers (11 were dropped due to complications with imaging) who were randomly assigned to two conditions. Participants either received a mixture of amino acids that contained tryptophan (building block of serotonin) or without, which allowed researchers to control levels of serotonin in their sample as Tryptophan can only be obtained through diet. In addition, all participants completed a personality questionnaire so researchers could assess “reward drive”, and identify “high risk” individuals, or those with a proclivity for aggression
. The researchers used fMRI to scan their brains as they were shown faces with angry, sad, and neutral expressions. In this way, the researchers were able to study how various brain regions responded and communicated with one another when exposed to different emotionally salient stimuli. Passamonti et al. (2012) reported a significant positive relationship between violent behavior and reduced levels of serotonin, as well as elevations in testosterone. Specifically, they found that participants with low serotonin displayed weaker communication with the amygdala and frontal lobes compared to those with normal levels of serotonin. Moreover, they found the activity between these structures was even weaker among aggressive individuals, or those identified as having a natural tendency to behave aggressively on the personality questionnaire. Given these findings, the researchers postulated that low levels of serotonin might inhibit the prefrontal cortex ability to control affective responses to anger and/or fear that are generated within the amygdala. Cases of CTE
 have been known to show particular damage to the prefrontal cortex, amygdala, and serotoninergic neurons among other areas and structures in the CNS, which may partly explain the frequency of aggressive behavior in such individuals.
While it appears biological factors play into the development of aggression
 and violence, several environmental factors have also been implicated in the relevant literature. According to research, individuals exposed to developmental neglect and traumatic stress during childhood display reduced empathy and increased physical violence. Researchers propose that exposure to early childhood trauma may alter brainstem functioning and disrupt the normal maturation process that children require to develop to capacity to tolerate distress. The combination of altered brainstem activity, and reduced ability to inhibit such output, predisposes one to future psychiatric problems and violent behavior. Nevertheless, the relationship between aggression
 and CTE
 can not be properly investigated at this time.
2.3.6 Summary
After reviewing the relevant literature on CTE
, it appears many questions remain unanswered. While significant progress is being made in the field, the incidence, prevalence, and relevant risk factors of CTE
 remains to be known, as well as its relationship to multiple concussions and subconcussive blows to the head, aggression
 and physical violence, and suicidality. Researchers have to develop a way to diagnose CTE
 during patients’ lives in order to construct proper research designs to shed light on these relationships. In addition, validated animal models
 are required to gain insight into the underlying mechanism in order to develop treatment
, comprehensive care, and rehabilitation
 strategies in the future. Currently, the primary strategy to reduce the development of CTE
 is prevention of trauma by limiting the potential for an additional injury after a concussion, enforcing proper safety equipment, and through public education regarding proper detection and management of acute mild TBI.
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It is clear without any question that CTE
 exists and many theories exist to explain the cases which have been documented and those which show neuropathological CTE
 but fail to show any behavioral, cognitive or sensorimotor symptoms. We are also faced with cases of suicide
 or aggression
 in which there is debate as to the role of CTE
 and TBI in general. It is clear that few if any of the known cases can easily be explained by one factor or theory. Understanding on a clinical level, for clinicians like ourselves or for family or friends who know someone who has spiraled out of control, requires a thorough understanding of the brain as well as the psychosocial factors which influence all of us and which interact with the multiple head traumas which characterize CTE
. It is important that we develop diagnostic techniques which can pinpoint the beginning of these symptoms so as to avoid these disastrous consequences as best as possible.
3.1 The Brain
The human brain is a complex and only partially understood organ. Unlike other organs of the body, it’s structure and function are only partly determined b genetics. How your kidneys will ultimately form (in the absence of injury or interference) is preset in your chromosomes, while the final structure of your brain is as much a function of your environment and experience. Luria (1973) divides the human brain into three parts. The first unit consists largely of many of the subcortical areas of the brain discussed in the research review, including the amygdala, thalamus, hippocampus, and caudate nucleus, areas which play a prominent role in the pathophysiology of CTE
 and many cases of traumatic head injury. The development of these areas are relatively fixed by genetics and represent the evolutionary oldest parts of the brain. They control such functions as emotional reactions (including fear, depression, and anxiety), memory, sensorimotor functions, and integrative functions between different areas of the brain. These areas are deep in the brain, making it harder to injure them, and they are constructed to resist injury. However, they can be impaired by head trauma
 and rotational forces which disrupt the white fiber tracts which communicate neural impulses between neurons which allow these areas to properly function, They can be disrupted by injuries which cause bleeding and bruising within the brain, as well as any disorder which restricts the amount of oxygen to the brain which is necessary for the health of the neurons which make up these structures. These areas are responsible for our fundamental personality, tendencies towards anxiety and depression, aggressive urges and other elements of our interpersonal tendencies which are often evident at an early age: some of us are more aggressive, some more anxious, while some are more or less depressed.
These fundamental tendencies in ourselves or other animals are affected by events in our lives. We are capable of learning from negative and positive situations which lead to changes in or reactions characterized as operant (stimulus-response) learning or classical conditioning (such as learning to salivate when you hear the lunch bell or see a Taco Bell). In many lower animals, basic learning is restricted to these basic principles. However in humans and some animals there are higher brain areas which are capable of complex learning.
In humans, the second unit of the brain consists of the posterior of the cortex surface) of the brain, a dense neuronal area with relatively short connections between them, allowing the formation of systems of neurons which work together to form complex behavior such as speaking, reading, arithmetic, the use of symbols, the analysis of visual-spatial relationships, and the formation of rules which guide problem solving and behavior. The second unit of the brain also has mild skills to control (inhibit) the more basic parts of the brain, lessening or magnifying our tendencies towards depression, anxiety, aggression
 and other emotions.
The second unit of the brain begins to develop and mature from early childhood through the beginning of adolescence, with different parts of the unit developing at a different rate at different times throughout that period, with relatively simpler parts of the unit developing first. Most of the educational, cognitive, social, and emotional learning which takes place during childhood occurs in these areas. And while the basic structure of these areas are determined genetically, the actual final structure is shaped by experience.
Learning takes place when patterns of connection link individual neurons to one another in a unique way based on what is learned and how it is learned. To make learning more efficient, we are born with more connections than we need. As we learn a given language or relationship between movements in space, different connections are strengthened. Over time, we retain only the connections which are strengthened (which are, for example, different for Chinese as opposed to English) and the remaining, unused connections are eventually “pruned” or discarded by the brain just as we prune a rose bush to improve growth. (Some believe that enriched environments for children will cause more of the connections to strengthen, while an impoverished environment will lead to excessive pruning and unnecessary limits in cognitive growth.) Thus the final structure of any human brain is unique to that individual and that structure represents you as a person. Even with the entire genetic code, we cannot recreate any unique individual.
The ultimate development of any human occurs with the third and final unit of the brain. This unit controls voluntary motor behavior, but more importantly consists of the prefrontal cortex in the very front of the brain. This area is the last to develop, with maximal development not occurring until the mid-twenties. This area controls the highest levels of cognitive development including; self-awareness, inhibition and control of impulses, flexibility, insight, creativity, originality, interpersonal skills, anger control, internal moral codes, and very complex problem solving among other skills. These represent the learning that allows us to develop from a young adolescent into a fully functioning adult.
3.1.1 Susceptibility to Injury
When dealing with injuries that are not a direct destruction of a given area (such as a gunshot through the brain or a stroke) different areas are more or less sensitive to more general disorders like head injury. While certain types of head injuries can cause focal damage in a given area, most of the injuries we see in sports are more generalized. While the structures of the first unit are themselves relatively protected from such injuries, the long fibers which connect areas and are essential to normal behavior are more easily stretched and rotated, causing disruptions in memory, attention, and emotional balance, as well as motor and sensory processing. The third unit is susceptible for a different reason: the neuronal systems which mediate higher level behavior in the prefrontal cortex are immensely complex requiring the coordination of hundreds of thousands or millions of neurons. Although the connections between them are relatively short, the complexity of the pattern is easily disrupted, although impairment in higher skills nay not be immediately apparent for they are not skills we need to use every day.
In addition to the effects of the direct head injury, there are also secondary effects which can effect behavior. Chief among these is swelling. As most of us have seen, when we injure our ankle, swelling occurs. This may be mild or severe and it may occur quickly or slowly; the degree of swelling is based on the seriousness of the injury and on the person: some of us swell more than others, presumably because of the ways our bodies are genetically wired to respond to trauma. Swelling may be painful but it is rarely more than that. The brain, however, is enclosed within the skull. While some swelling can be accommodated, too much increases pressure in the brain and may lead to restriction of oxygen (dizziness, light headedness, confusion, memory loss and even coma in extreme cases). This reaction may be immediate or may take as long as several days (which is why athletes who suffer a concussion may seem ok until after the game.)
If these injuries were permanent, diagnosis
 would be very easy, but the brain, like much of the rest of the body, is capable of recovery. If the injury is mild enough, recovery may be relatively quick with no known consequences. However, many injuries do not lead to a return to normal but rather involve a reorganization of the brain. The brain cannot always fix the injury, but it possesses a reserve and reorganizational capacity which allows behavior to return to normal even when the brain at its most basic levels has not returned to normal. In such cases, there is a residual albeit unseen injury which reduces the ability of the brain to recover from future insults. Each subsequent injury may further reduce the reserve, eventually leading to an inability to recover if there are more injuries. An analogy can be seen in someone standing ten feet from a cliff. Taking one step forward causes no perceptible damage; take too many steps and the damage suddenly becomes very clear.
Thus repetitive head injuries may reduce reserve capacity a little at a time or a lot, this depends on the individual’s susceptibility to trauma (which may be related to genetics or prior injuries, known or unknown, as well as environmental factors like malnutrition or poor medical care), which differs widely between individuals, and on the frequency and severity of the injuries. For example, new injuries which occur when still recovering from a previous injury may have a greater long term effect than injuries far apart. Clearly, the severity of an injury plays a role. In some cases, injuries may occur that are not evident but have impacted the brain so, especially in contact sports, we may never know how many injuries that have occurred. Serious brain impairment may occur slowly over many incidents or be the result of a few. Individuals with greater reserve may seem to emerge untouched while another is more seriously impaired. Similar accidents may impact an individual with high tolerance to injury more than someone with low tolerance. Simple counts of known number of injuries have unfortunately little meaning when we work with an individual.
Another factor in assessing injury impact is the age of injury. Injuries prior to the age of 12 may involve areas of the second unit which are not yet fully developed and which may be more susceptible to an injury, but whose effect is to inhibit future cognitive and emotional growth rather than cause the loss of current skills. Such early injuries may also inhibit the growth of the prefrontal cortex leading to a failure to develop higher cortical skills or the ability to increase control of emotions as they get older. However, we cannot measure this or any other similar injury because we do not know what level they would have reached without the prior injury. The long term effects of such injuries in terms of injury tolerance is also unknown.
3.1.2 Measurement of Acute Injury
In the case of sports injuries, we have relied on a number of different ways to assess the effects of head injuries. For many years, this primarily consisted of asking the player or even the coach if the player was ready to go in, such decisions were made with the needs of the team in mind rather than the long term needs of the players, Even when doctors were involved, they were most frequently employees of the team and the coach. When evaluations were done on the sideline, they were cursory examinations which looked only at the most acute and short term effects which are the ones that quickly recover while longer term impacts may still have remained, making return to play inadvisable. With all the recent focus, the NFL, college, and high school associations have implemented concussion protocols on the sidelines including independent monitors before allowing players back into a game. Despite this, the casual observer have seen players with what appear to be significant injuries allowed back into games only later to show symptoms. In such cases those symptoms may be due to delayed symptoms (such as growing edema) or may be the impact of further although more minor collisions due to the compromise of the brain from the initial collision. In either case, readmittance to the game was likely not in the players benefit which may suggest that even the new criteria still favor the needs of the team. (It should be noted that in interviews with players, most indicate they wanted to go back in or did go back in willingly despite the risks so not all of the onus is on the system.)
3.1.3 Post-concussion Protocols
Post-concussion protocols (for players removed from games or blocked from playing due to more serious symptoms) have improved considerably but still have a ways to go. The heart of the current assessment procedure is the ImPACT, a computerized neuropsychological
 measure which focuses in such areas as short term memory, visual motor speed, reaction time, attention, and concentration. These are areas which are clearly sensitive to the effects of a head injury, However, it is far less clear that recovery from the ImPACT represents complete recovery from the head injury or that continued play is not of any greater danger to the player than it was before the injury,
The system is based on the acquisition of baseline scores from every player before the season begins. The weakness in the system for some players is that they have figured out that the better they do on the baseline assessment, the better they must do after a concussion in order to return to play. For many players the main issue remains return to play, either because they feel they are letting their team, coaches or other players down if they do not return to play quickly or they fear losing their position on the team to someone else, perhaps losing a chance at a college scholarship (for the high school player), a chance at the professional level or to be a hero on campus (for the college player), or a chance at maintaining a higher standard of living and financial windfall (for the professional player. As a result they may not do their best so that they will be allowed to get back into the game. While the ImPact has validity indicators, they are not very effective in players who are not trying their best but who are trying some.
Another issue is even when the baseline is taken seriously, passing the post-concussion test does not mean that there are no residual deficits from the injury, especially in higher level skills that are best measured by longer paper and pencil tests. (It should be noted that there still are no really good measures of the most complex and higher level skills such as emotional insight, self awareness, and self-control no matter what the methodology.) To the credit of many teams, they are adopting baselines on a limited number of paper and pencil tests to provide more sensitivity to the post-concussion evaluations. Despite the absence of clear long term outcome data related to the use of a more limited test battery as is done now, there is a need to utilize more complex tests that may be more sensitive to extended and more subtle effects of injuries based on tests shown to be highly sensitive to brain injuries
 in general. Adapting existing tests to a model of multiple retesting over time will likely require reforming tests which have been designed to be reused only over longer periods of time (usually a year).
Eventually, however, for ultimate safety we will need baseline and post-concussion measures of actual brain processes as measured by cerebral metabolism both in the short term and long term, looking for findings which link reliably to long term outcome. Currently, teams will use computerized Tomography (CT) scans or Magnetic Resonance Imaging (MRI) scans to study the structure of the brain in some more serious cases, but changes to brain structure caused by most athletic concussions are slow and can take months or years to be visible. These tests are most effective when looking at tumors, hemorrhages and degradation of the brain over time and are less valuable in the kinds of injuries we see in athletes.
More useful are measures of brain metabolism which demonstrate changes in how an area of the brain is actually functioning. In a prefrontal injury, for example, we can see only a normal gross structure on an MRI but metabolic measures (e.g., functional Magnetic Resonance Imaging (fMRI) and measures of blood flow such as Positron Emission Tomography (PET)) may show a significant decline in actual functional activity due to disruption of the complex systems required for higher brain function. All of these tests are much more costly and complex to administer. They cannot be administered at the present time in a stadium or arena, but require hospital facilities, limiting their use. Over time however it is likely that more practical measures of these functions will be made available given the advances in computer and sensory detection technologies.
3.1.4 Long Term Outcome
The recent National Football League (NFL) concussion settlement offers a model for the very long term outcome of athletic concussions. Like other legal settlements, it is the product of a compromise between the two sides. The settlement prescribes a standard test battery and criteria for the interpretation of the test battery largely using criteria originally developed for the identification of mild, moderate and severe dementia
. Thus, it does not look at just decline per se from previous cognitive function but rather decline sufficient to interfere with the ability to carry out tasks of daily living in work, home, social, or self-care activities. Thus, one can show decline from estimated levels of previous function, but still not be qualified as impaired.
The test procedures used can be described into four parts. These can be classified as measures of premorbid skills, measures of effort, measures of cognitive and memory skills, and measures of emotional functioning. Rather than set one absolute criteria for the functional level at which one defines impairment, the settlement sets three levels based on whether the individual was initially seen as above average, average, or below average in overall premorbid functioning. The measures used allow choice of two traditional methods for evaluating premorbid function using either current verbal skills or demographic information including age, education, area of the country, ethnicity, and gender.
However, there are limitation in these measures in that it assumes that a person had no injuries prior to full brain development so that the individual has had a change to fully develop their language skills. However, if the individual has early injuries, it is likely that they never have a chance to develop those skills to their highest levels, so players with early concussions in middle school or high school may have their real potential underestimated. In addition, Verbal skills can be affected by the quality of schools one attends, the language spoken in the home, the vocabulary skills of the persons around the child, the opportunity for reading, and many other factors. A child who is pushed to do athletics rather than academics may not perform as well as they should on these measures. This is somewhat offset from the splitting of clients into only three groups, so even when accuracy is lost the person may still end up in the correct group.
An alternate measure is to use demographics as described above. Details of the client’s background are fed into a formula and used to predict premorbid skills. Generally persons from low income and impoverished backgrounds are predicted to be lower, while individuals from affluent states and neighborhoods get higher estimates. While these formulas are not affected by early brain injuries
 as much as verbal skills, they generally yield lower scores for African-Americans or individuals from poorer states. Oddly, because all NFL players, with few exceptions, complete three years of college, it is almost impossible for any individual to fall into the low average group, even if the individual got into college and stayed there because of athletics rather than academics. However, even these individuals often test on the qualifying exams (e.g., Scholastic Aptitude Test) at worse at the bottom of the average range in most instances.
The second area evaluated is effort, which is measured by a variety of visual and verbal tasks throughout the evaluation. Effort is important in that anyone can do poorly on the tests used in the battery by not trying to do their best. Thus there is concern that the individual may malinger on the tests with the goal of looking impaired and being awarded funding. Malingering is just not lack of effort, but a deliberate and conscious lack of effort for the purpose of pretending to be impaired when the individual is aware that this is misleading. Lack of effort is possible for many other reasons: fatigue due to sleeping problems related to pain or emotional issues; inability to retain instructions over time; confusion and disorientation; anger; depression; anxiety; physical distress; and a host of other conditions. Since someone’s intent is difficult to determine, the clinician must use their own observations and judgment based on client behavior, history, and consistency. This is an important aspect of an evaluation but also the most difficult area to evaluate.
The third area is the heart of the neuropsychological
 examination. The main part of the examination is the evaluation of memory, intelligence, and executive/complex skills, those skills which are the most sensitive to long term brain damage and dysfunction. In addition, the test includes evaluation of language and visual skills which can be impaired after brain injuries
 but which are less sensitive to generalized concussions. Specific criteria define what is a level of impairment and how many tests must be impaired to qualify as mild, moderately, or severely impaired. In addition to the paper and pencil and the computerized tests which make up these evaluations, the individual must be evaluated through observation and externally confirmed history to demonstrate actual day to day losses in function which can be related to the cognitive findings.
The last section concerns the evaluation of emotional disorders. This consists of an interview and review of medical records to see if the client meets the criteria for any major psychiatric disorder such as Major Depression, Anxiety Disorder, Phobias, Schizophrenia, Bipolar Disorder, or Substance Abuse. This interview is correlated with the client completing the Minnesota Multiphasic Personality Inventory 2 Reformulated (MMPI-2-RF). This test consists of 328 questions answered True or False. The pattern of test answers generates a profile which includes scales aimed at both effort and the presence of psychiatric symptoms or disorders. While the effort scales can be use to suggest low or inconsistent effort, the presence of psychiatric disorders or symptoms on the MMPI-2-RF or in the interview or history, the presence of any psychiatric disorder is not used in determining if the individual has suffered from the long term effects of concussions, no matter how severe the disorder may be. This will be discussed at more length in the next section.
Although aspects of the settlement can be argued, it has done a good job of providing a definition and framework for identifying the presence of long term sequelae of repeated concussions. The settlement allows players to be retested over time, recognizing that symptoms may become evident as the player gets older due to the inability to deal with normal aging because of compromises to the excess capacity of the brain due to repeated injuries. In such cases, earlier testing
 acts as a baseline for measuring later decline. It has also avoided trying to decide between damage done in high school or college versus damage done in the NFL which would be incredibly difficult to separate.
This exam is also a model of the more comprehensive evaluation which needs to be done earlier in a player’s career, especially those individuals with multiple concussions who need to be more closely watched because of their susceptibility or style of play. The objection to such an exam would likely be related to the total time the test requires, usually around six hours. However, a shorter version could be developed which used a streamlined set of measures if we are to be better aware of the impact of concussions earlier when further damage could be avoided.
3.1.5 Emotional Functions
For all of the progress that has been made in the evaluation of concussive injuries, the area of emotional changes is the least investigated and most poorly understood. This is despite the observations in the past chapter that suicide
 and major depression among relatively young players were the major factors which have made concussions in the NFL so prominent, rather than older players who later developed dementia
. There are multiple reasons for this omission.
First, it can be argued that one cannot rule out the presence of emotional disorders prior to playing football. Such individuals may play football to overcome their anxiety or depression, so that the symptoms will only show up when they stop playing. This argument is questionable as serious neuropsychiatric
 disorders are much more obvious to observers than are subtle cognitive disorders. In addition, players only play football part of the year so the symptoms would likely be obvious the rest of the time. Especially in the case of major depression, the symptoms of depression, withdrawal, helplessness, helplessness, fatigue and loss of attention and concentration, the presentation is clear.
A related argument is that the individual’s self-worth-perhaps from early childhood- is tied to athletic success. Parents may strongly support athletically skilled children to succeed and even live their own visions of success through their children. Those who reach high levels in college or professional sports may come to enjoy the adulation, enjoy being part of a team or an individual contributor, and to continue to see their success as their only way of defining themselves. (We see this in other areas as well: parents may come to see themselves as success because of raising heir children, and then be unable to cope with the child moving away on their own, “eliminating” their reason for existing successfully,) In such individuals, we would see no symptoms until their athletic career was over or on the decline.
A third argument may be that many successful players have anger issues which they handle by hitting and running into others as well as humiliating them by outplaying them and beating others. The opportunity to compete allows that anger to be expressed in a socially acceptable way. Some would argue that incidents of domestic assault or bar fights would also indicate a higher level of anger in players, although there is no evidence that players engage in such behaviors at a higher rate than matched controls, although their incidents are much more public. When players are no longer able to express this anger, they may then lash out at others near them or turn the anger inward to major depression,
A fourth argument is that over time players develop serious pain syndromes, with frequent complaints of neck pain, knee pain, headaches, ankle pain, hip pain and shoulder pain which become more chronic the longer a player is in the league. While playing, the athlete will be given medications to lessen the pain and allow them to sleep and function, while adrenaline when playing will lessen their perception of pain. When they stop playing, the pain and sleeplessness due to pain persists and leads to depression, especially in those with a genetic predisposition to pain.
Even if all of this is true, the role of concussions in the development of severe psychiatric disorders should not be minimized in those without a clear history of a preexisting disorder. (We would argue that the likelihood of an individual succeeding at the highest levels of athletics would be very unlikely to have an untreated major psychiatric disorder with the exception of the personality disorders.) There is no question that personality and behavior is mediated by the brain. The first unit determines our foundational temperament, our reactions to pain and pleasure, and our tendencies towards depression, fear, and anxiety. The second and especially the third unit determine our ability to control those impulses, with control (or lack of control)
This control is modified by concussions or other brain injuries
 that weaken the prefrontal areas or result in a disconnection of the downward neural tracks which connect the higher cognitive areas of the brain to the subcortical emotional centers. In the cases of those with prior existing emotional control issues, the issues are magnified because of the brain injuries
. In those with no pre existing issues, severe emotional reactions are less likely. The reduction of controls make the underlying issues clearer: they may not be evident previously as they are successfully controlled by the higher cognitive centers but those tendencies are revealed after serious enough injuries in one incident or as the result of many incidents. Injuries to the subcortical areas can alter the underlying emotional reactions in a negative way (more depression, more anxiety, more aggression
) or can decrease reactivity so the individual becomes apathetic or uninterested. It should also be emphasized that these changes may take place without any significant losses in cognitive skills; intact cognitive skills do not indicate that there is not a change in emotional control. Once the person has reduced control over emotional reactions, the presence of stress from any source is more likely to set off reactions. These can include loss of income, loss of status, family problems and all of the problems one sees in real life. Obviously, retirement from football or another sport can be one of those stressors, but the presence of a stressor does not rule out brain injury
 as a factor in an emotional change or crisis.
While it is clear that emotional issues need to be measured, this is not simple as all accurate evaluations require the honest participation of the player. This is a difficulty because high level players tend to be very competitive and see acknowledging emotional issues or fears as “unmanly” and signs of weakness. Thus, while still playing, they are likely to minimize emotional issues even more than they minimize physical injuries so that they can get back to playing. This requires coaches and other players to be sensitive to behavior which suggests emotional issues and to get help. However, if the issues are likely to make a player unavailable this is unlikely unless the problems are also causing a reduction in athletic ability on the field. Even in those rare cases, the focus is on the immediate problem rather than a long term perspective.
When personality tests are given with high level teams or competitions, they do not aim at fixing or identifying emotional disorders or brain injury
 but rather styles of learning or interaction that can be used to maximize the performance of the individual, in such cases the goal is to find those techniques or way of interacting which motivates the individual to their best performance. Some are motivated by praise, some by criticism for example. These do not address the issues of importance here.
Tests more focused on clinically diagnosable conditions are more relevant, although none can indicate the role of concussion in the disorders. Tests like the MMPI-2-RF as used in the concussion settlement is a frequently used test as is the original MMPI-2 which is some 70% longer. Each of these tests and other similar tests require some insight on the part of the test taker and can be heavily influenced by either exaggeration or underreporting. However, these tests are popular for forensic use (such as the settlement) because they are objective as well as being faster when administered to large numbers of people. Each tests has its own strengths and weaknesses but none have been really evaluated in settings where athletic concussions are an issue.
Currently, the determination of the role of concussion in the emotional issues of former players require detailed histories, neuropsychological
 examinations, personality tests, and medical/radiological evaluations integrated by a skilled clinician. It is not yet subject to clear criteria that characterize the diagnosis
 of dementia
. However, it is important to recognize these issues if we are to prevent future suicides or aggressive acts which arise from these conditions.
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While there are no absolute answers to the many questions that surround CTE
, there are preliminary conclusions we can reach for these major issues. While these answers are subject to change in the future.\, they offer guidelines to those interested in this disorder. Questions to be examined include who will get CTE
, the relationship of CTE
 to depression, suicide
, abuse, aggression
 and how much faith we can have in reports of CTE
.
4.1 Question 1. Who Will Get CTE?
While this may be one of the most important question, it does not have an easy answer. In our own experience, we have seen players with a history of very hard tackles and numerous concussions show no cognitive symptoms of CTE
, while players whose experience appear to be substantially less show clear signs of CTE
. It is likely that a combination of individual factors cause CTE
 to emerge, only one of which is the severity and frequency of identifiable concussions. It should be noted that in all these cases we have seen there are no concussions which clearly result in any kind of extended coma or required hospitalization of more than a few days, and in most cases required no hospitalization.
Of significance in addressing this issue, Tagge et al. (2017) recently found vascular and other changes in young athletes after concussion, and then developed an animal study in which they found that visible signs of concussion across injuries were not necessary for the development of CTE
. What seemed to be important in their sample was the frequency of head impacts, While animal studies must always be interpreted with caution, this study suggests that any sport or activity in which there are frequent blows to the head—even if these blows do not result in concussion like symptoms—can potentially lead to CTE
. This extends the risk of CTE
 well beyond the most obvious activities (football and boxing) to many other sports.
However, if this is true, none of this research indicates how significant a blow must be before it causes the metabolic/neurologic processes that lead to CTE
. Clearly, simply touching the head is not adequate, while a blow that leads to post-concussive symptoms is more than adequate. The real question is where in between these two extremes is the cutoff point at which we have to restrict such blows. This has a substantial impact on the development of helmets and safety gear in general: how protective must a helmet be before repeated blows are no longer a problem? In addition, how frequent does the event have to occur over what period of time? Is hitting a soccer ball with ones head a problem if the ball is at a certain speed or if the headers happen too frequently?
These are issues well beyond the current science that will need to be addressed in the future. Such research is however very difficult to accomplish. We cannot work with healthy humans, submitting them to multiple head blows of different intensities to see what develops immediately or twenty years later. Human research is limited to looking at individuals who have suffered injuries in the normal course of their life, but detailed analysis would require us to somehow know about all of the head blows they had received, the severity of those blows, their location, and their timing. As yet this is not practical, although perhaps one day sensors could be implanted which would indeed monitor such information.
Other factors are more difficult to quantify but may be just as important. First, the ability of the individual’s brain to withstand concussion. This likely has a genetic basis, but is also effected by medical/environmental issues like other disorders, blood flow issues, poor nutrition, deficient substances necessary for recovery, skull thickness, brain resilience, tendencies towards increased brain pressure, age, the temporal relationships of different concussions and other factors not currently recognized. It is clear that some individuals—all other factors held steady—are simply more prone to suffering from neurological and neurocognitive problems following head injury. Although it is not yet proven, such individuals must be considered at greater risk and an unusual number of successive concussions should be considered a serious warning sign.
Another major variable is the age of the injuries. As discussed earlier, the brain is not fully developed until around age 25. By age 25, professional football players may have been playing the game for two decades. It is believed that those areas of the brain which are not yet fully formed—those which represent the highest and most complex human functions—are more likely to be injured or to have their growth stunted, Such deficits are not immediately evident to any evaluation because the impairment is to future development rather than to current function, These areas represent such important skills such as the ability to inhibit emotional responses, the ability to fully see the consequences of one’s behavior, the ability to empathize with others and understand their feelings and thoughts, and the ability to plan and organize.
Such deficits will not necessarily impact physical skills, instinct on the playing field, motor skills or the ability to follow instructions and function within structured settings such as a team sport. Such individuals may need more structure and support from others in order to do well, acting as if they were young adolescents rather than young men. In most cases they would be seen as immature, childish, emotional, aggressive or angry rather than brain injured. Such symptoms can exist in the presence of normal intelligence but low intelligence will intensify the behavioral symptoms of such issues.
The problem in clearly identifying these symptoms as early signs of CTE
 is that all these symptoms exist in many normal adolescents and young adults not as the result of brain injury
 but as the result of slower than average development (half the population develops neurologically slower than the other half) or as the result of environments which do not teach the development of those skills we label as maturity. A child may grow up never being taught to be considerate of others because they are seen as talented or offer adults a way to their success or profit. One may see parents show that emotional and physical abuse is natural and even a sign of love. A child may never be given the chance to fail and to learn self-control when all mistakes are covered up or smoothed over without consequence.
Thus we are always faced with a conflict between psychological/sociological explanations of an adolescent’s or young adult’s failings with no absolute test which can tell us the difference. Although there are those trying to identify biological markers (other than autopsy) for CTE
 (which has not yet been successful), those attempts are to identify who has the earlier signs of CTE
, not individuals who will be more prone to develop CTE
 when involved in activities which result in multiple concussions. Thus, we can never say with certainty whether the causes of the symptoms are psychological or physical. This leaves it up to individuals, families, coaches and significant others to make the choices to continue to play based on feelings and fears rather than facts. These feelings are clearly affected by the success the player enjoys, how well they help the team, or how athletic success brings the promise of scholarships, esteem, and even fame or riches. The tendency of athletes (and as well as many non-athletes in their teens and twenties) to believe that “it can’t happen to me”. None of this is science, however,
Guidelines for individuals and families are thus variable and tentative. It would appear that avoiding early head injuries would be a reasonable caution. Attempts by the NFL and leagues for children attempting to minimize contact sports before age 12 appear reasonable, although one can question whether starting any sport with frequent head contact before age 18 may be questionable. Will all children who play high school sports get CTE
? Certainly, that does not happen, however in those adolescents with frequent concussions, it can be asked whether they ever are able to fully realize their potential even in the absence of CTE
. It is difficult to imagine that repeated head traumas are good for anyone.
This leads to a second guideline. Some individuals are slow to recover from trauma when compared to others. While they may eventually be regarded as “recovered” as discussed previously, the slowness of recovery must be seen as a sign of detrimental neurological process which could lead to more impairment than in individuals whose recovery is quicker and less difficult. Many athletes try to rush back to playing even when symptoms linger for the reasons discussed earlier and subjecting the brain to additional trauma while not fully recovered is highly questionable, just as running on a sprained or broken ankle would be questionable. It must be remembered that more basic functions will recover before the more complex functions, the very complex functions that measure our success as human beings.
These small but lasting injuries may lead later in life to early dementia
, based on the threshold theory of cognitive impairment
. This theory suggests that we have a cognitive reserve based on the ability of the brain to recover. However, this reserve is limited and each injury—no matter what the cause—reduces the reserve. Thus, we may see an athlete (or other victim of concussions or other neurological disorders) age faster than normal. They have inadequate reserve to handle the natural cognitive and physiological decline which comes with aging, pushing up the development of disorders which should have developed later in life, This insidious decline may not be evident for years after the last known brain injury
.
The last and clearest guideline is that all games must be made safer. Certainly, the development of better protective equipment for the head is ongoing and essential. However, even better is the need to recognize in all sports that the head is neither a weapon nor a target nor a piece of equipment. Helmets are for protection, not to injure others. Sports at all levels must be played with better equipment and coaching by individuals aware of the possible effects of head injury. The sacrifice of ones brain for victory, fame or money is a very high price, even if the consequences are delayed and not self-evident. In those who have little awareness of their problems or control of their impulses, the price is often paid by those close to the athlete rather than the athlete themselves.
4.2 Question 2. Does CTE Cause Depression or Suicide?
There is no evidence that CTE
 (or any head injury) directly causes depression or suicide
, although such injuries can be a factor in suicides or suicide
 attempt. Suicide
 is generally a function of depression and especially hopelessness, the belief that things will never get better and will only get worse. Such individuals see their situation as unfixable and often see themselves as a burden to others, although some suicides are an attempt to get revenge on others they feel will be sorry if they die. Suicide
 most often requires an awareness by the individual that something is wrong and an inability to see a way out. Thus individuals without head injury may kill themselves after losing a significant other or losing money or a job or some other situation that they believe can not be fixed. They often have a history of abuse and/or mental disorders such as Borderline Personality Disorder, Major Depression, Schizophrenia, or Bipolar disease. They feel trapped in their situation alone, anxious, angry, agitated, and may abuse alcohol or drugs (prescribed or otherwise) which further deepen heir depressions.
They are often socially isolated, believing that they have no support system. It should be understood that the lack of a support system may be the result of the individual rejecting the company and support of others rather than just a case of the individual being rejected by everyone. The individual may isolate themselves by rejecting overtures and treating others with anger or even abuse. They may isolate themselves due to their depression and often anger, further reinforcing their beliefs that no one cares about them. This creates a “vicious circle” where their agitation, aggression
 and outbursts push people away, which in turn confirms the idea that they are isolated with no hope.
Symptoms of depression which may alert us to the possibility of suicide
 including talk of hopelessness and the lack of reasons to live, avoidance, rage, weight loss or gain, depressed mood, sleeping too much or too little, giving away things important to them, writing a will, buying a weapon or collecting drugs that can be used to kill themselves, reckless behavior, and sudden behavioral changes. Family histories of suicide
 or suicides of people close to them increases the likelihood of suicide
. A key issue is a sense that one does not have what everyone else has: love, good job, good health, friendship, and other things the individual may value.

So how does CTE
 relate to this? First, CTE
 may lead to the loss of many things important to the individual. The loss of cognitive skills leads to the loss of jobs and job opportunities, which in turn may have a serious financial impact which in turn leads to a loss of houses, cars, and the ability to support one’s family. This is a major blow to professional athletes who see themselves as successful and powerful. This hits at the very foundation of the ego of many athletes, especially those who see themselves as the most successful prior to the disease. This creates depression and the sense of hopelessness which can lead to suicide
.

CTE
 generally leads to the loss of the ability to inhibit emotional reactions. The impact of disinhibition varies from person to person depending on their deepest emotional impulses. As adults, we have many impulses which we do not follow as we recognize that they are socially inappropriate and inconsistent with those who live within a society. So, for examples: Psychologists and physicians often have the opportunity to take advantage of patients because of the nature of our relationships with the patient, but we do not do so because such behavior is unethical and inappropriate. An individual client of ours was at one time seen as a gentleman who was perfectly behaved around women: when he became disinhibited, he suddenly began grabbing at the breasts of his nurses and visitors. He was no longer able to adequately control those impulses.
Individuals have different impulses. Some of us are inherently more passive and withdrawn; we must force ourselves to interact with others when we would happily prefer to be alone. When such an individual becomes disinhibited, they are likely to become more passive and withdrawn rather than acting out. In successful athletes, their basic impulses are often competitive and aggressive: it is difficult to succeed at the highest levels without those traits. Thus, when they become disinhibited they are more likely to become more aggressive and more competitive. However, the deficits caused by CTE
 result in their repeated failures in any competition, further enhancing depression. In addition, increased aggressiveness will push others away who will see the aggression
 as anger and hostility. In those athletes for whom anger, hostility and aggressiveness is the key to their success, this will be turned against their ability to get along with us and to maintain an effective support system. CTE
 individuals we have tried to help often reject our help because of their anger. In addition, that anger may easily be directed inward, further deepening any depression.

CTE
 also decreases an individual’s ability to plan, problem solve, and to recognize the impact of their own behavior. Thus, when faced with problems at work or home, they are poor at coming up with effective solutions leading to increased failure. In addition, they may perseverate, repeating the same solution even though it fails to work. His lack of problem solving may be seen as being uncooperative, hostile, rigid, or arrogant. In all these cases, failures are enhanced and support individuals are alienated,

In others CTE
 may be superimposed upon pre-existing mental health disorders such as Bipolar Disorder or a variety of personality disorders which involve the control of mood and the expression of anger. These disorders are often familial or the results of physical or emotional abuse as well as trauma. These disorders are often controlled not only be medication and therapy but also by playing sports. Sports can allow the individual to express their feelings of anger and aggression
 as well as giving them a sense of personal worth. Such individuals would be at risk after they complete their careers simply because of the loss of this outlet and the loss of one thing they are very good at. When combined with CTE
, they find that they are unable to do anything well further reinforcing their pre-existing mental health disorders.
Thus, we have a cascade of factors where CTE
 interacts with the patient’s environment, sense of worth, anger, sense of loss, and failure to continue their success outside of sports. This clearly increases those internal factors we know enhance the possibility of suicide
. In addition, their anger and aggressiveness further alienates those who would be their support system (although in many cases the support system wants to help but is not allowed to.) If these feelings and events are allowed to escalate, they can spiral out of control and lead to suicide
. These events can only be broken through treatment
 and getting through to the client whether that is through professionals or through family or clergy or friends. However, all of these interventions require the cooperation of the client, which can be difficult to obtain in these extreme cases.
However, not everyone or even a majority of individuals with CTE
 will react this way. It clearly takes a confluence of factors to lead to suicide
 and all such factors are not always present. A support system which the client continues to trust, the willingness to engage in therapy, the ability to acknowledge the need for help, their ability to gain support from their religious or ethical beliefs, and the avoidance of isolation and other factors make suicide
 less common.
It should be noted that similar issues may be seen in those getting dementias from other sources at relatively younger ages, as well as individuals with chronic disease who see their death as both inevitable and a burden on themselves or others. As with CTE
, these disorders do not directly cause suicide
 but do play a role.
4.3 Question 3. What Is the Relation of CTE to Aggression and Abuse?
As noted above, many successful athletes are often successful because of their aggression
 and competitive nature. They do no like being outdone by others and gain satisfaction through winning, whether on the field or court or in their personal and business lives. With disinhibition, these tendencies can be enhanced, but without the proper cognitive skills they most often fail rather succeed. This creates frustration and anger at themselves. In cases of obvious depression, this anger may be directed inward, but for many players the aggression
 is directed outward. Athletes have often learn that they get success from directing their anger and frustration outward towards the other team; this is obvious in nearly every sport.

With or without CTE
, the tendency after one finishes playing is to direct this aggressiveness outward. In some cases, this can led to great success in sports administration or totally different areas. However, with cognitive impairment
 present these endeavors are less successful. This again leads to frustration. In a normal individual, we would see problem solving take place to find a better solution; in an individual with CTE
, their poor planning and recognition of their own errors leads to perseveration and inflexibility. Thus, the response is more aggression
—physical or verbal—which becomes increasingly ineffective. A similar argument can be made in regard to social relations.
As noted, many of these tendencies likely pre-existed playing professional sports, and clearly there are a number of professional athletes with a history of familial abuse of some kind. (It must be remembered that there are such individuals who do not play sports.) These disorders may be due to mental illness, including mood disorder
, personality disorders and schizophrenia, or they may come from families where such behaviors are accepted. Athletes and others may be allowed to do inappropriate behavior because they can win games or earn money. Such individuals may us those tendencies in a socially acceptable way in a sport, although they should always be seen as inappropriate outside of a playing field (and sometimes go to extremes even on the field.) As noted earlier, such behaviors may or may not have roots in earlier brain injury
. Whether or not this is the case, the acquisition of cognitive problems from CTE
 is likely to result in increased problems with aggression
. Thus, we cannot blame aggression
 per se on CTE
, it is again one of those disorders which is enhanced by the presence of CT.
4.4 Question 4. Can We Trust Reports of CTE
Scientific research to prove the behavioral role of CTE
 is very difficult. We cannot take a random group of normal individuals, then give half CTE
 and half concussions without CTE
 to see the behavioral differences. Thus, we must rely on individual case studies which make us rely on reports of premorbid behavior, frequency of life time concussions, severity of those concussions, presence of mental health disorders, familial and genetic factors, family environment, and so on. As one may recognize, getting accurate information on these factors is nearly impossible. It is clear such factors as number of concussions and their severity is impossible to get retroactively, but one might think we could get accurate information on behavior and family behavior.
However, we can rarely get accurate pictures of these factors in real situations working with clients and families after a brain injury
 (or many other disorders.) The difficulty is individuals and families have a strong tendency to remember the person as much better than they really were in the past. Part of this is the natural reluctance to speak ill of someone who is suffering. Part of it is our wish to blame a single factor (in this case, CTE
) and to ignore other warning signs which complicate an easy to understand cause which makes both the family and the individual free of responsibility for their negative behaviors. I would rather say that my son acts like this because of CTE
 than because we ignored him as a child and were emotionally abusive. This is further complicated by the fact that this is a legal as well as a neuromedical issue This is not to say that people are lying (we think there are relatively few who are trying to create a problem when they know that no problem exists.) However, they may come to believe that all the problems are due to CTE
 and ignore how other factors may contribute to these disorders.
This has a tendency in the mind of both those who know the client and the client himself to put far less emphasis on pre-existing factors and to overstate how the problems are all new. As noted, this is not malingering although lawyers may try to present it as such. Malingering is trying to convince others that a disorder exists when the individual knows that there is no such disorder. For example, if I present myself as being stuck in a wheelchair due to a disease, when I know that when no one is watching I get out of the wheelchair without any troubles.
In cases like this, the people involved truly believe there is a disorder and that the disorder is clearly causing their difficulties which are quantitatively and qualitatively completely different from whatever existed previously. This colors not only how people choose to report information but how they become to remember information. Our memories do not represent what really happened, but rather our unique view and representation of reality. Finding what is closest to the truth takes careful consideration and the use of multiple sources.
Thus, in an area like this where we are inundated with incredibly sad stories and situations which have in some cases destroyed families and individuals, we must try to tease out that which is most likely, recognizing as we discussed here that all of the outcomes we see have multiple determining factors. This does not mean that CTE
 is not extremely debilitating and tragic, but that our ultimate ability to help people behaviorally relies on understanding the full complement of the factors that determine the outcome of each case.
4.5 Conclusions
The research clearly shows that the development of CTE
 is difficult to predict, likely related to genetic, physical, neurological and environmental factors along with the pattern of traumas (including severity, focus within the brain, and timing of the injury) which makes it impossible to pinpoint which individual will develop these disorders. It is equally clear that we cannot blame aggression
 or suicide
 on CTE
 alone. Such behavior is likely a combination of premorbid tendencies, the nature of the brain injuries
 involved the support system of the individual, treatment
 availability, the willingness of the client to engage in treatment
, the impact of the loss of playing football at relatively young ages, and the financial, social, and vocational status of the individual.
Most of these represent factors that we cannot control after the fact; however we can control the availability of treatment
 and we can try to influence the willingness of the individual to engage in treatment
. Many of the individuals in the news have received some form of treatment
, but it is essential that the treatment
 be appropriate which requires a comprehensive evaluation as described in chapter three as well as engagement of the individual’s family, significant others, friends and support system as a whole. While willingness to enter psychological treatment
 is low in a population of athletes, increased information about CTE
 and data from a comprehensive evaluation appears to make these individuals more open to intervention as it is based on the results of a physical injury rather than a psychological weakness, as many see depression or anxiety.
Thus, in addition to improving the overall evaluations of individuals at risk for CTE
, we must also develop a network of treatment
 advisors where access to help is not hampered by financial or other barriers. Those with CTE
 are more likely to have misused personal funds because of their injuries, which in turn makes them less likely to get treatment
. There must be clear pathways for treatment
 so that those who are most in need are not denied services as appears to happen today. This must include services to engage those at risk so that they understand the need for treatment
 and are motivated to seek it out along with comprehensive evaluations.
It is also important in the treatment
 that we recognize that an individual’s behavior is multiply determined, with CTE
 playing a bigger or smaller role dependent on the case. Misdiagnosis may give someone a comfortable way to explain problems, but is less useful in terms of appropriate treatment
.
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