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The ‘Perspectives’ and ‘Clinical Pearls’ expressed are based on interpretation of findings from the 
described Chronic Effects of Neurotrauma Consortium (CENC) research studies and their assimilation with 
the extant literature. These views are endorsed by CENC leadership but may vary across individual 
researchers. All findings involve Service Members (SMs), Veterans (Vs) or both. 
 
Additional CENC KT products are available at URL:  
https://www.cencstudy.org/index.php/knowledge-translation-center/ 
 

************************************************************************************ 
 

A. TBI and Co-occurring Conditions 
Key Finding #1: CENC researchers found associations between traumatic brain injury (TBI) 
diagnoses and epilepsy,1 hearing loss and tinnitus,2 and other sensory disorders (e.g., visual, 
balance/dizziness).3 In all cases, the association was strongest for Moderate to Severe TBI, but still 
present for Mild TBI. 
 

Perspective: The associations found between TBI and these other diagnoses are worrisome, 
especially for the common mild TBI; however, they should be considered tentative pending 
evidence from more rigorous, prospective, longitudinal studies.  

 
Clinical Pearls: 

 Regardless of epilepsy risk level, routine prophylaxis with antiepileptic medication is not 
warranted after TBI of any severity, with the possible exception of penetrating TBI. 

 The care of SMs/Vs with TBI, even mild TBI, should include assessment for sensory problems, as 
identification is integral to facilitating positive long-term outcomes. 

 
B. TBI and Neurodegenerative Conditions 
Key Finding #2: CENC researchers found associations between TBI and Dementia,4 and Parkinson’s 
disease (PD).5 The association was strongest for Moderate to Severe TBI, but still present for Mild 
TBI diagnoses. Estimates of overall risk for dementia following TBI are 4%-6%, while the risk for PD 
following TBI remains <1%. Evidence also suggests that dementia following TBI on average may 
occur 1-2 years earlier than for those without TBI. 
 

Perspective: The associations found between TBI diagnoses and neurodegenerative disorders 
are concerning, especially for the common mild TBI, such that the risk of TBI-related 
neurodegenerative disorders should be taken seriously. The ongoing prospective, longitudinal, 
multicenter CENC study will yield more definitive evidence on the nature and degree of the link.  

https://www.cencstudy.org/index.php/knowledge-translation-center/


 
Clinical Pearls: 

 The clinical care of SMs/Vs with prior TBI should include recognition and treatment of known 
modifiable, lifestyle dementia risk factors (e.g., diet, exercise, sleep, tobacco, alcohol/illicit 
substances, socialization). 

 SMs/Vs with prior TBI, even mild TBI, should be monitored for PD and/or dementia. SMs/Vs 
should be referred for specialty evaluation when signs are present, even if SMs/Vs are a little 
younger than would normally be expected.  

 
C. TBI, Pain, and Opioid Therapy 
Key Finding #3: CENC analysis of TBI evaluations in the VA healthcare system showed that chronic 
pain and chronic pain disability were associated with TBI, PTSD and depression.6 Opioid prescribing 
patterns for pain management did not appear to differ substantially for Veterans with or without 
TBI. About 20% with TBI and pain received short-term opioid therapy, while 3% received long-term 
opioid therapy. About 90% of Veterans with TBI treated with long-term opioid therapy had 
moderate to extreme levels of pain, PTSD symptoms, and sleep disturbance; 80% received at least 
one non-opioid therapy first. 
 

Perspective: Chronic pain symptoms co-occur with TBI and other disorders that make successful 
treatment challenging. While clinical guidelines recommend against prescribing opioids to 
Veterans with a history of TBI, opioid prescribing patterns do not differ between those with or 
without TBI. Of note however, only 3% of Veterans with TBI were treated with long-term 
opioids. Prospective longitudinal studies of the interplay between pain, TBI, and treatment 
approaches are needed. 

 
Clinical Pearls: 

 When disabling chronic pain in SMs/Vs with TBI is identified, clinicians should emphasize non-
opioid treatments and use a person-centered care model.  

 Opioid therapy should only be used under evidence-based guidelines. 
 
D. Persistent Symptoms after mild TBI 
Key Finding #4: CENC researchers found that a greater number of prior mild TBIs of any type (blast-
related or non-blast) were associated with chronic, increased, widespread symptoms,7, 8 but not 
with decreased cognitive performance7, 9 among young to middle aged Vs/SMs.  

 
Perspective: Associations between more concussions and higher symptoms are likely to be 
complex and multifactorial and need further research. 

 
Clinical Pearls:  

 The clinical standard of care for persistent symptoms after mTBI should follow a symptom-
oriented approach (i.e., do not focus on “cause” or “diagnoses”). 

 Clinicians should recommend a compensatory strategy approach to the treatment of self-
reported memory or other cognitive difficulties after mTBI.  



 
Key Finding #5: CENC researchers found that factors such as sleep, PTSD, and pain impacted 
cognitive performance after mTBI.9  

 
Perspective: Cognitive performance can be lowered by a range of factors other than mild TBI 
history. 

 
Clinical Pearl:  

 The treatment of cognitive difficulties in SMs/Vs with prior mTBI should be holistic and address 
all comorbidities. 

 
Key Finding #6: CENC researchers found that SMs/Vs with 3 or more mild TBIs had a small decrease 
in balance performance on computerized posturography.10  

 
Perspective: There is an apparent cumulative ‘dose effect’ of mild TBI on balance performance 
that, although not large, may present a clinical problem for some SMs/Vs.  

 
Clinical Pearls: 

 Repetitive mild TBI should raise the index of suspicion for balance problems and potential need 
for treatment.  

 Secondary TBI prevention strategies are increasingly important as the number of mild TBIs 
sustained increases in order to limit late effects of mTBI. 

 
Key Finding #7: CENC researchers found that several other factors, in addition to prior mild TBI, 
were associated with poorer balance performance, with pain showing an especially strong 
relationship.10  

Perspective: Balance performance is a delicate and complex process controlled by brain 
networks that integrate and process multiple afferent and efferent pathways. Pain can disturb 
this process by a number of potential central or peripheral mechanisms. 

 
Clinical Pearl:  

 The treatment of balance problems in SMs/Vs with prior TBI should address pain before and 
during vestibular rehabilitation or other interventions. 

 
Key Finding #8: CENC researchers found that mild TBI history is not directly related to chronic pain. 
Factors found directly related to chronic pain were PTSD, Anxiety, Depression, Insomnia, Arthritis, 
and extracranial injuries.11 

 
Perspective: Chronic pain likely has a myriad of causes, contributing factors, with the role of 
mild TBI being unclear. 

 
Clinical Pearl:  

 Vs/SMs with chronic pain should receive holistic care, regardless of their mTBI history. 



 
Key Finding #9: CENC researchers found that using MRI data, chronic pain is associated with 
decreased functional connectivity in certain brain networks.12 

 
Perspective: Pain may disturb brain functioning through a spill-over effect. 

 
Clinical Pearl:  

 Modulation of brain networks through biofeedback or other means to reduce pain and improve 
brain function seems an appealing treatment approach, however more research is needed to 
formulate clinical recommendations. 

 
Key Finding #10: CENC researchers found that blood levels of exosomal proteins, especially 
neuronal proteins (NFL, p-tau, tau) and neuroinflammatory proteins (IL-6 and IL-10), are associated 
with both mild TBI history and symptom levels in SMs/Vs. 13  

 
Perspective: In early discovery studies, exosomal proteins emerged as potential diagnostic or 
prognostic biomarkers of late effects of mild TBI, especially repetitive (≥3) mild TBI. 

 
Clinical Pearl:  

 While preliminary, these findings lend support to the clinical pearl that “secondary TBI 
prevention strategies are increasingly important as the number of mild TBIs sustained 
increase.” 

 
Key Finding #11: CENC researchers repeated found that there were no differences in selected 
outcomes between blast-related and non-blast-related mild TBI, when adjusting for other factors 
such as PTSD, pain, depression, sleep.7-11  

 
Perspective: The extant literature is mixed, but largely in agreement with these CENC findings. 
Further research is needed to determine if blast-related, mild TBI requires different treatments 
or risk monitoring than blunt, mild TBI. 

 
Clinical Pearl:  

 SMs/Vs with clinical problems after mild TBI of any cause should receive symptom-based, 
holistic care regardless of the etiology of their mTBIs. 

 
Key Finding #12: CENC researchers identified that the following factors were associated with 
missed study visits by SMs/Vs in clinical research; younger age, Hispanic ethnicity, PTSD diagnosis, 
and blast-related, mild TBI diagnosis.14 

 
Perspective: Clinical research retention strategies should be tailored for the individual 
characteristics of the SMs/Vs, with extra attention directed towards participants who are of 
younger age, Hispanic ethnicity, PTSD diagnosis, and/or blast-related, mild TBI diagnosis. 

 
Clinical Pearl:  



 Individuals with mTBI who are of younger age, Hispanic ethnicity, PTSD diagnosis, and/or blast-
related, mild TBI diagnosis have lower worse research study compliance and may also 
demonstrate reduced adherence to clinical treatments, so additional care should be applied to 
engage their full participation in care. 

 
E. Disability Ratings and mild TBI 

Key Finding #13: CENC researchers found differences in service-connected disability ratings15 
and medical service use16 depending on elements of mild TBI history, specifically service-
connected disability ratings and medical service use were highest for Vs with blast-related mild 
TBI, next highest for blunt mild TBI, and lowest for Vs without TBI. 

 
Perspective: Vs with mild TBI appear to be utilizing the VA system for health care services as 
intended. Differences in clinical services received may confound outcome comparisons. Further 
prospective research is needed to better understand factors contributing to disability after mild 
TBI.  

 
Clinical Pearl:  

 To optimize functional status and life participation, Vs/SMs with mild TBI may need a 
rehabilitation approach in addition to a medical model of symptom and disease management.  

 
 

************************************************************************************ 
References: 

 

1. Pugh MJ, Orman JA, Jaramillo CA, Salinsky MC, Eapen BC, Towne AR, Amuan ME, Roman G, 
McNamee SD, Kent TA, McMillan KK, Hamid H, Grafman JH: The prevalence of epilepsy and 
association with traumatic brain injury in veterans of the Afghanistan and Iraq wars. J Head Trauma 
Rehabil. 2015 Jan-Feb;30(1):29-37. doi: 10.1097/HTR.0000000000000045. PMID: 24695268 

2. Swan AA, Nelson JT, Swiger B, Jaramillo CA, Eapen BC, Packer M, Pugh MJ: Prevalence of hearing loss 
and tinnitus in Iraq and Afghanistan Veterans: A Chronic Effects of Neurotrauma Consortium study. 
Hear Res. 2017 Jun;349:4-12. doi: 10.1016/j.heares.2017.01.013. Epub 2017 Jan 31. PMID: 28153668 

3. Swan AA, Nelson JT, Pogoda TK, Amuan ME, Akin FW, Pugh MJ: Sensory dysfunction and traumatic 
brain injury severity among deployed post-9/11 veterans: a chronic effects of neurotrauma 
consortium study. Brain Inj. 2018;32(10):1197-1207. doi: 10.1080/02699052.2018.1495340. Epub 
2018 Jul 19. PMID: 30024786 

4. Barnes DE, Byers AL, Gardner RC, Seal KH, Boscardin WJ, Yaffe K: Association of Mild Traumatic Brain 
Injury With and Without Loss of Consciousness With Dementia in US Military Veterans. JAMA Neurol. 
2018 Sep 1;75(9):1055-1061. doi: 10.1001/jamaneurol.2018.0815. PMID: 29801145 

5. Gardner RC, Byers AL, Barnes DE, Li Y, Boscardin J, Yaffe K: Mild TBI and risk of Parkinson disease: A 
Chronic Effects of Neurotrauma Consortium Study. Neurology. 2018 May 15;90(20):e1771-e1779. 
doi: 10.1212/WNL.0000000000005522. Epub 2018 Apr 18. PMID: 29669907 

6. Seal KH, Bertenthal D, Barnes DE, Byers AL, Strigo I, Yaffe K: Chronic Effects of Neurotrauma 
Consortium Study Group.Association of Traumatic Brain Injury With Chronic Pain in Iraq and 
Afghanistan Veterans: Effect of Comorbid Mental Health Conditions. Arch Phys Med Rehabil. 2017 
Aug;98(8):1636-1645. doi: 10.1016/j.apmr.2017.03.026. Epub 2017 Apr 25. PMID: 28455190 



7. Walker WC, Hirsch S, Carne W, Nolen T, Cifu DX, Wilde EA, Levin HS, Brearly TW, Eapen BC, Williams 
R. “Chronic Effects of Neurotrauma Consortium (CENC) multicenter study interim analysis: 
Differences between participants with positive versus negative mild TBI histories.” Brain Inj 
2018;32(9):1079-1089. doi: 10.1080/02699052.2018.1479041. Epub 2018 May 31. PMID: 29851515 

8. Pogoda TK, Carlson KF, Eapen BC, O’Neil ME, Walker WC, Tate DF, Nolen TL, Nowak K. The 
Relationship Between prior Mild Traumatic Brain Injury and current Neurobehavioral Symptoms 
among former OEF/OIF/OND Combatants: A Chronic Effects of Neurotrauma Consortium Study. IN 
PRESS. 

9. Belanger H, Nolen T, Levin HS, Pugh N, Walker W, Scheibel RS, Troyanskaya M, C Jaramillo, Eapen B, 
McDonald S, Dikman S, Hsu N, Tate DF, Williams R, Hinds SR, Cifu DX: Chronic Effects of mTBI in 
Veterans and Service Members on Cognition: A Biopsychological Model. J Int Neuropsychol Soc. Forty 
Sixth Annual INS Meeting Abstract.  J Int Neuropsychol Soc. 2018. 24 s1, p123. 

10. Walker WC, Nowak KJ, Kenney K, Franke LM, Eapen BC, Skop K, Levin H, Agyemang AA, Tate DF, 
Wilde EA, Hinds S, Nolen TL. Is balance performance reduced after Mild Traumatic Brain Injury?: 
Interim analysis from Chronic Effects of Neurotrauma Consortium (CENC) multi-centre study. Brain 
Inj. 2018;32(10):1156-1168. doi: 10.1080/02699052.2018.1483529. Epub 2018 Jun 12. PMID: 
29894203. 

11. Hoot MR, Levin HS, Smith AN, Goldberg G, Wilde EA, Walker WC, Eapen BC, Nolen T, Pugh NL. Pain 
and chronic mild traumatic brain injury in the US military population: a Chronic Effects of 
Neurotrauma Consortium study. Brain Inj 2018;32(10):1169-1177. doi: 
10.1080/02699052.2018.1482427. Epub 2018 Jun 8. PMID: 29883191.  

12. Functional brain connectivity and cortical thickness in relation to chronic pain in post-911 veterans 
and service members with mTBI. Newsome MR, Wilde EA, Bigler ED, Liu Q, Mayer AR, Taylor BA, 
Steinberg JL, Tate DF, Abildskov TJ, Scheibel RS, Walker WC, Levin HS. Brain Inj. 2018;32(10):1236-
1244. doi: 10.1080/02699052.2018.1494853. Epub 2018 Jul 26. PMID: 30047797 

13. Kenney K, Qu BX, Lai C, Devoto C, Motamedi V, Walker WC, Levin HS, Nolen T, Wilde EA, Diaz-
Arrastia R, Gill J; CENC Multisite Observational Study Investigators. Higher exosomal phosphorylated 
tau and total tau among veterans with combat-related repetitive chronic mild traumatic brain injury. 
Brain Inj 2018;32(10):1276-1284. doi: 10.1080/02699052.2018.1483530. Epub 2018 Jun 11. PMID: 
29889559. 

14. Sickinger K, Walker WC, Agyemang AA, Cifu DX, Lewis TL, Carne W. Recruiting for a Multicentre DoD 
and VA Longitudinal Study: Lessons Learned. Brain Inj 2018;32(10):1218-1225. doi: 
10.1080/02699052.2018.1492740. Epub 2018 Jul 9. PMID: 29985677. 

15. Dismuke-Greer CE, Nolen TL, Nowak K, Hirsch S, Pogoda TK, Agyemang AA, Carlson KF, 
Belanger HG, Kenney K, Troyanskaya M, Walker WC: Understanding the impact of mild 
traumatic brain injury on veteran service-connected disability: results from Chronic Effects of 
Neurotrauma Consortium. Brain Inj. 2018;32(10):1178-1187. doi: 
10.1080/02699052.2018.1482428. Epub 2018 Jun 11. PMID: 29889561.  

16. Dismuke-Greer CE, Hirsch S, Carlson KF, Pogoda TK, Nakase-Richardson R, et al. Health 
Services Utilization, Healthcare Costs, and Diagnoses by Mild Traumatic Brain Injury 
Exposure: A Chronic Effects of Neurotrauma Consortium Study. IN PRESS. 

 
CENC research and its KT products were supported financially by the Department of Defense, Chronic Effects of 
Neurotrauma Consortium (CENC) Award W81XWH-13-2-0095 and Department of Veterans Affairs CENC Award I01 
CX001135.  Any opinions, findings, conclusions or recommendations expressed in this publication are those of the 
author(s) and do not necessarily reflect the views of the U.S. Government, or the U.S. Department of Veterans Affairs, 
and no official endorsement should be inferred. 

 


