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2 million Soldiers and Marines have been deployed to Iraq and Afghanistan 

as of 12/10; nearly 800,000 more than once; approximately 9-18% return 

with symptomatic mTBI.



Å Significant improvements in body armor

Å Improvised explosive devices (IEDs) are the weapons of choice of 

insurgents

Å Multiple deployments

Experienced 3056 enemy attacks, 1336

IEDs, 84 suicide vehicle-borne IEDs, 

1513 direct fire attacks, and 631 indirect 

fire attacks. Those soldiers escaping 

immediate harm may have been 

exposed to hazardous blast 

overpressure (BOP) events roughly 

once every three days for the duration 

of their 12-month deployment.
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ÅRepetitive sports concussion is associated 

with increased risk of the mid-life 

dementing disorder, chronic traumatic 

encephalopathy (CTE)

ÅTraumatic brain injury (TBI) is currently the 

best characterized environmental risk factor 

for developing the late-life 

dementing disorder, Alzheimerôs disease 



ÅControversy about etiology, course, and 
treatment of persistent somatic, cognitive, 
and behavioral symptoms in OIF/OEF 
Veterans following mTBI.

ÅAn epidemiological study in military 
personnel found that symptoms of chronic 
mTBI (except for headache) more 
correlated with and .



ÅHowever, many skilled clinicians are 
convinced that war combatantsô chronic 
symptoms of mTBI reflect real albeit 
subtle persistent brain damage.

ÅDo these chronic symptoms reflect 
persistent or brain 
changes?



Å35 male OIF Veterans with blast-induced mild 
traumatic brain injury

ïMean age 31.5 ± 7.3 years (range 21-60)

Å13 non blast-exposed OIF Veterans

ïMean age 31.8 ± 7.3 years (range 22-46; 12M, 1F)

Å12 cognitively normal community volunteers

ïMean age 53.0 ± 4.6 years (range 49-56; 7M, 5F)



mTBI (N=35) OIF Control (N=13)

Education (years) 13.9 ± 1.5 13.8 ± 1.5

Race

Caucasian 80% 62%

African-American 6% 15%

Pacific Islander 3% 8%

Other 11% 15%

Hispanic Ancestry 17% 23%

Military Service

Army 69%a 54%

Marines 23%a 23%

Other 11% 23%

aOne served in both Army and Marines



ÅNeurologic exam

ïmild eye movement, cerebellar signs

ÅUnified Parkinsonôs Disease 
Rating Scale

ï2.5 ± 3.3 vs. 0.9 ± 1.9, p=0.14

ÅBrief Smell Identification Test

ï65th percentile vs. 74th percentile



ÅAlzheimerôs Disease Research Center 

Uniform Dataset

ÅUniversity of Pennsylvania 

Computerized Neurocognitive Battery

ÅRuff 2 & 7 Selective Attention Test

ÅControlled Word Association Test

ÅSentence Repetition

ÅWechsler Test of Adult Reading

ÅEffort assessment



Å2 mTBI subjects excluded because of low 

scores on the effort test

ÅMMSE: 6/32 mTBI with score <28, 0/13 OIF 

controls  

ÅAlthough there was individual variability, 

there were no group differences between 

blast and non-blast exposed OIF Veterans 

on:
Paragraph recall

Digit span forward

Digit span backward

Category fluency

WTAR

Trails A, Trails B

Wais Digit-symbol

Ruff 2 & 7

Sentence repetition



mTBI (N=34) OIF Ctls 

(N=13)

p*

APOE Genotype 0.025

2,3 0 2 (15%)

2,4 1 (3%) 0

3,3 23 (68%) 4 (31%)

3,4 9 (27%) 6 (46%)

4,4 1 (3%) 1 (8%)

At least 1 E4 allele 11 (32%) 7 (54%) .2

BDNF Genotype .7

C,C 21 (62%) 7 (54%)

T,C 13 (38%) 6 (46%)

TOMM-40 Poly-T length in (APOE- 3/ 3) .4

long/long 7 (30%) 2 (50%)

short/long 14 (61%) 1 (25%)

short/short 2 (9%) 1 (25%)



ÅClinician Administered PTSD Scale (CAPS)

ÅPTSD Checklist ïMilitary (PCL-M)

ÅPatient Health Questionnaire (PHQ)-9

ÅAlcohol Use Disorders Identification Test ï

Consumption (AUDIT-C)

ÅPittsburgh Sleep Quality Index (PSQI)

ÅNeurobehavioral Symptom Inventory (NSI)



Measure mTBI (N=34) Ctls (N=13) p*

CAPS Total Score 55.4 ± 31.2 5.0 ± 11.3 <.0001

PCL-M Total Score 49.9 ± 18.6 22.7 ± 4.6 <.0001

PHQ-9 Total Score 10.0 ± 7.5 2.5 ± 3.7 .0013

PSQI 9.4 ± 4.7 4.8 ± 3.9 .0027

AUDIT-C 4.9 ± 2.7 3.1 ± 1.8 .035

NSI Total Score 36.8 ± 23.1 7.4 ± 11.6 <.0001

*t-test



TBI (N=35) Control (N=13) p*

Forgetfulness 71 % 31 % .020

Difficulty falling or staying asleep 65 % 15 % .0034

Feeling anxious or tense 65 % 15 % .0034

Ringing in ears 65 % 0 <.0001

Irritability 62 % 15 % .0078

Headaches 59 % 8 % .0024

Hearing difficulty 53 % 0 .0006

Poor concentration/attention 53 % 8 % .0067

Poor frustration tolerance 53 % 8 % .0067

Sensitivity to noise 50 % 0 .0015

Feeling depressed/sad 50 % 15 % .046



ÅNumbers of exposures to blast

ÅNumber of episodes of blast-concussion 

induced loss of consciousness (LOC)

ÅDate of first, last blast exposure

ÅHistory of non-blast head trauma (e.g., 

sports-related, motor vehicle accident)



ÅIntensive characterization of worst 5 exposures

ïType of explosive device

ïDistance from blast center

ïTactical details, e.g.,:

ÅOpen air vs. in building or vehicle, head/body 

position relative to blast

ÅProtective equipment

ÅSecondary, tertiary TBI

ïImmediate symptoms

Å4-point scale from LOC-severe-moderate-mild



mTBI (N=35)

# Blast exposures during Iraq deployment(s) 16.4 ± 18.7

# Blast exposures during all military service 39.4 ± 42.4

# Blast exposures with LOC during Iraq deployment 1.1 ± 1.2

# LOC during lifetime 6.4 ± 5.9

Time since last blast exposure (years) 3.9 ± 1.4

Symptom characteristics for ñworstò 5 blasts

1 or more exposures with LOC 65%

1 or more exposures with severe symptoms 91%

1 or more exposures with moderate symptoms 29%

1 or more exposures with mild symptoms 24%





ÅFunctional Neuroimaging:

ï[18F]-Fluorodeoxyglucose Positron Emission 

Tomography ([18F]-FDG-PET)

ïResting State Blood Oxygen Level Dependent 

(BOLD)-functional Magnetic Resonance 

Imaging (fMRI)

ÅStructural Neuroimaging

ïDiffusion Tensor Imaging (DTI)

ïCross Relaxation Imaging (CRI)



ÅStandard brain FDG-PET imaging protocol

ï10 mCi [18F]-FDG

ï3D Image acquisition (GE Advance scanner)

ÅNEUROSTAT automated image pre-processing1,2

ïAutomatic image co-registration

ïLinear scaling and non-linear warping to standard 

stereotactic coordinate space (Talairach & Tournoux)

ï3-dimensional stereotactic surface projection (3D-

SSP)

ÅGeneration of 3D-SSP subtraction z-score images

1Minoshima et al, J Nucl Med 35:1528-1536, 1994.
2Minoshima et al, J Nucl Med 36:1238-1248, 1995.





ÅData analysis:

ïVoxelwise analyses of differences between mTBI 

Veteran and control participants were performed with 2-

sample t-tests; statistical significance evaluated using 

random fields approach to control Type I error rate 

approximately at p=0.05 (Z=3.5) for multiple 

comparisons 

ïSignificant differences and regional correlations in 

stereotactically-defined volumes-of-interest (VOIs) were 

compared with 2-sample t-tests and Bonferroni-

corrected to control for multiple comparisons



Peskind et al, Neuroimage (2010 Apr 10, e-published ahead of print )



Å Blast-exposed OIF Veterans compared to non blast-exposed OIF  
Veterans had significantly decreased metabolism in:

(3.6%, p=0.005)

(2.6%, p=0.01)

MCI data from Minoshima S, Giordani B, Berent S, Frey KA, Foster NL, Kuhl DE. Metabolic reduction in the 
posterior cingulate cortex in very early Alzheimer's disease. Ann Neurol 1997; 42:85-94



ÅCompared to community controls, mTBI Veterans 
also showed hypometabolism in:

(4.3%, p=0.03)

(2.0%, p=0.003).



Å8 of 31 blast-exposed OIF Veterans did meet 
DSM-IV criteria for PTSD using SCID-IV and 
Clinician Administered PTSD scale criteria.

ÅWe performed a separate analysis within the 
blast exposed OIF veterans comparing those with 
and without PTSD.

ÅNo differences in glucose metabolism were found 
in any brain region between OIF Veterans with 
blast-exposure who did or did not have PTSD.

ÅChanges in brain metabolism in the entire group 
were not the result of PTSD.



ÅHypometabolism was found for both blast-exposed 
and non blast-exposed OIF Veterans compared to 
community controls in:

ïcerebellum (7.3%, p=0.0003)

(7.5%, p=0.001) 

ÅHypotheses/Speculation about etiology:

ïPre-military vulnerabilities and military ñlifestyleò 
(including other head trauma, alcohol misuse)

ïEffects of military training (e.g., combatives)

ïHyperthermia in Iraq combat operations environment

ïHigh % of OIF non blast exposed controls with APOE- 4 
allele



ÅImage acquisition: 

Å 3T MR scanner (Achieva, Philips Medical Systems)

Å single-shot echo-planar sequence; TR=10.56 sec; TE=60ms; flip angle=80°; 

matrix size=128x128; FOV=240x240; slice thickness=3mm; 32 gradient 

directions, non-diffusion weighted b0 map, and b-factor set at 1000 s/mm2.

ÅImage Processing (NEUROSTAT1,2)

ÅCorrection for motion and eddy current artifacts

ÅB0 map unwarping performed and tensors fit using b-factor 

and diffusion direction matrix with DTIfit toolbox. 

ÅFA indices calculated for each voxel, producing whole brain 

diffusion weighted FA maps.

ÅAutomated image linear scaling/non-linear warping to 

Talairach stereotactic coordinate space

1Minoshima et al, J Nucl Med 35:1528-1536, 1994.
2Minoshima et al, J Nucl Med 36:1238-1248, 1995.





ÅResults: FA maps suggest white matter dysintegrity in:

p=0.00025

p=0.0004

p=0.001

p=0.005

ÅConclusions:

ïPreliminary findings from groupwise analysis of white 
matter integrity suggest underlying white matter 
substrate for glucose metabolic differences

ïThese relationships need to be explored further
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1Yarnykh VL. Magn Reson Med 2007; 57: 192.  2Yarnykh VL. Magn Reson Med 2002;47:929. 3Yarnykh VL, Yuan C. 

NeuroImage 2004;23:409.  4Underhill HR et al. NeuroImage 2009;47:1568



Macromolecular proton fraction maps reveal 

detailed anatomy of fiber tracts
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ILF-inferior longitudinal fasciculus; OR-optic radiations; AC-anterior

commissure; CCG-corpus callosum, genu; CCS-corpus callosum,

splenium; AR-auditory radiations; ATR-anterior thalamic radiations;

SLF-superior longitudinal fasciculus; SFOF-superior fronto-occipital

fasciculus; C-cingulum; MCP-middle cerebellar peduncle.

SFOF

Yarnykh VL, Yuan C. NeuroImage 2004; 23:409


