
Chronic Traumatic Encephalopathy (CTE) 

CTE was originally termed dementia pugilistica or “punch drunk” and was first described in 
1928 in boxers as a result of repeated brain trauma. The term CTE was coined in the medical 
literature in 1996. The disease is characterized by a number of physiological changes in the brain 
including the buildup of an abnormal protein called tau. 

Pathophysiology of CTE

The clinical symptoms associated with CTE vary in severity depending on which clinical stage 
the individual is in (McKee 2009). Initial symptoms include the following: 

• Deterioration in attention, concentration, memory 
• Disorientation 
• Confusion 
• Dizziness 
• Headaches 
• Lack of insight 
• Poor judgment 
• Overt dementia 
• Slowed muscular movements 
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• Staggered gait 
• Impeded speech 
• Tremors 
• Vertigo 
• Deafness 

In the final stage of the illness, progressive deterioration to dementia occurs accompanied by 
including the signs associated with Parkinson’s disease, speech difficulties, gait abnormalities, 
dysarthria (speech disorder characterized by neuromuscular weakness or lack of control of facial 
muscles), dysphagia (difficulty swallowing), and ptosis (drooping eyelid). 
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How is chronic traumatic encephalopathy diagnosed? 

Unfortunately, there are no specific markers or diagnostic tests to detect CTE in an athlete prior 
to their death. Currently, CTE is only definitively diagnosed through studying brain tissue under 
a microscope as a result of an autopsy. 

The Center for the Study of Traumatic Encephalopathy, began recruiting athletes for a study in 
November 2011 (DETECT - Diagnosing and Evaluating Traumatic Encephalopathy Using 
Clinical Tests) with the ultimate goal being to develop methods of diagnosing CTE during life 
through the use of a variety of tests, including MRI scans (such as diffusion tensor imaging), 
MRSpectroscopy scans (also known as a “virtual biopsy”), blood tests, and measures of proteins 
in spinal fluid.  Participants will also undergo neurological, psychiatric, and cognitive 
assessments, as well as genetic testing.  The study will include 150 former NFL players (ages 
40-69) and 50 same-age “control” athletes who played non-contact sports.  
Prevention:

The best recommendations for the prevention of CTE is to ensure that athletes who sustain 
concussions be seen by professionals who have experience in treating concussions. Parents also 
need to be educated as to the signs and symptoms of concussion and be diligent to learning the 
current treatment protocols also. Parents may be in the best situation to detect subtle changes in 
their child’s behavior. It is the parents and the coaches’ responsibility to ensure that no athletes 
return to sport until they are completely symptom free of all signs and symptoms of concussion 
at rest and with full activity. Returning an athlete too early to sport after a concussion may also 
place the athlete at risk for second impact syndrome.

Toward identification of an CTE risk profile

Identify a risk profile for CTE through utilization of X2’s technological capabilities involving 
the X2 CMS app and its accelerometer data in partnership with innovative researchers who are 
engaged in a longitudinal long term study on CTE.  

1. Utilization of the X2 CMS PLUS app in a long term longitudinal study will allow 
correlation of a patient’s symptoms, cognitive function and coordination in relationship to 
an athlete ultimately diagnosed with CTE. Currently, CTE is diagnosed via autopsy 
although hopefully the diagnosis will eventually be made pre-mortem thought the use of 
biomarkers, genetic testing or other advance diagnostic testing such as MR Spectroscopy.
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2. Accelerometer G-Force data (single G-Force, cumulative G-Force, Impact Count) would 
also be correlated individually and in conjunction with the X2 CMS PLUS clinical data in 
athletes diagnosed with CTE either at autopsy or pre-mortem.

3. Ultimately, analysis of the data would create a risk profile that would identify the athletes 
at risk for development of CTE. The risk profile would include personal and family 
history as well as the social history. The number of concussions and associated impact 
and CMS PLUS data as outlined would also be included in the analysis.

4. Develop, continue or expand partnerships with researchers that are exploring various 
biomarkers and diagnostic tools, e.g. MRI Spectroscopy, to allow for earlier diagnosis of 
CTE. While X2 has excellent partnerships with numerous outstanding researchers such as 
Drs Garza and Camarillo at Stanford Universtiy, Dr. Nauman’s team at Purdue currently 
leads the effort in this area. 
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