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Abstract

Posttraumatic stress disorder (PTSD) and mild traumatic brain injury (mTBI) are highly prevalent 

among Veterans of the conflicts in Iraq and Afghanistan. These conditions are associated with 

common and unique neuropsychological and neuroanatomical changes. This review synthesizes 

neuropsychological and neuroimaging studies for both of these disorders and studies examining 

their co-occurrence. Recommendations for future research, including utilizing combined 

neuropsychological and advanced neuroimaging techniques to study these disorders alone and in 

concert, are presented. It is clear from the dearth of literature that more attention in the literature 

should be given to examining temporal relationships between PTSD and mTBI, risk and resilience 

factors associated with both disorders and their co-occurrence, and mTBI-specific factors such as 

time since injury and severity of injury, utilizing comprehensive, yet targeted cognitive tasks.

Since the start of the global war on terrorism, American military service members have 

deployed 3.3 million times as part of Operations Enduring and Iraqi Freedom (OEF/OIF; 

Sheppard, Malatras & Israel, 2010). Post-traumatic stress disorder (PTSD) and mild 

traumatic brain injury (mTBI) are two of the most common consequences of warzone 

deployment. Although resilience is the most common outcome, as many as 20% of returning 

military personnel are affected with PTSD (Hoge et al., 2004). Further, approximately 

15-20% returning service members reported a probable TBI during their deployment ((e.g., 

Belanger, Uomoto, & Vanderploeg, 2009; Tanielian & Jaycox, 2009; Terrio et al., 2009; 

Hoge et al., 2008; Schneiderman, Braver, & Kang, 2008; Vasterling et al., 2006). Thus, the 

recovery and reintegration of a significant minority of returning military personnel will be 

affected by these conditions. These conditions also affect families, and the personal, public, 

and societal costs of these disorders make them a major public health concern. As a result, 
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management of these conditions is a high priority for the Department of Defense (DoD) and 

the Department of Veterans Affairs (VA).The aim of the current review is to summarize the 

literature on neurocognitive effects of PTSD and TBI following warzone deployments. The 

main focus is on OEF/OIF Veterans; however, we draw upon the literature from other war 

theatres as well as civilian samples in instances where the literature on OEF/OIF Veterans is 

limited. This review begins with a conceptualization of PTSD from a neurocognitive 

perspective. The relation between PTSD and specific areas of neuropsychological 

functioning are reviewed, including intellectual functioning/IQ, memory, attention and 

executive functioning. The review then explores the neuropsychological effects of traumatic 

brain injury (TBI), with a specific focus on mTBI. The effect of the co-occurrence of mTBI 

and PTSD on neurocognition is also reviewed. Finally, the literature on structural and 

functional neuroimaging of PTSD, TBI, and their co-occurrence is examined, including 

studies utilizing both neuroimaging and neuropsychological assessment. What will become 

apparent in the course of this review is the dearth of literature in this important area.

Neuropsychology of PTSD

Although PTSD is typically viewed as a disorder of dysregulated fear conditioning, 

neuroscognitive conceptualizations are plausible and well-documented in the literature 

(Rubin, Bernsten, & Johansen, 2008; Vasterling, Verfaellie, 2009). Abnormalities in memory 

(e.g., intrusive memories, avoidance of trauma-related memories) and attention (impaired 

concentration, hypervigilance) are central to the clinical presentation of PTSD and are 

included among the diagnostic criteria (APA, 2000). People with PTSD appear to process 

threat-related stimuli differently than neutral stimuli (for reviews, see Bar-Haim, Lamy, 

Pergamin, Bakermans-Kraneburg, & van IJzendoom, 2007; Buckley, Blanchard, & Neill, 

2000; Constans, 2005). In addition, studies utilizing neuropsychological tests involving 

emotionally neutral information (e.g., words or photographs that do not evoke any particular 

emotional content) have shown that PTSD is most robustly associated with impairments on 

tasks assessing overall intellectual ability, attention, memory, and executive functioning 

(Vasterling, Verfaellie, & Sullivan, 2009; Vasterling & Brailey, 2005; Johnson & Asbjørnsen, 

2008; Brewin, Kleiner, Vasterling, & Field, 2007; Brewin, Andrews, & Valentine, 2000). 

Although neuropsychological impairment associated with PTSD is typically mild to 

moderate in magnitude, often falling within the normal range, these impairments may be of 

high clinical relevance (Vasterling & Verfaellie, 2009). Intellectual Functioning/IQ.). Lower 

intellectual functioning was associated with risk for PTSD in a meta-analysis of 6 studies 

with a total of 1,149, and this relationship represented a small mean effect size (r = 18; 

Brewin et al., 2000). Two studies found that the relationship between lower IQ and PTSD 

remained even after controlling for level of combat exposure (Macklin et al., 1998; McNally 

& Shin, 1995). This relationship between lower IQ and PTSD was supported by subsequent 

studies with Veterans (Gilbertson, Gurvits, Lasko, Orr, & Pitman, 2001; Vasterling et al., 

2002; Gale, Deary, Boyle, Barefoot, Mortensen, & Batty, 2008; Kremen, et al., 2007). 

Verbal IQ appears particularly sensitive to risk for PTSD (Vasterling, Brailey, Constans, 

Borges, & Sutker, 1997;; Gil et al., 1990).
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Memory

Two meta-analyses found a robust relationship between concurrent PTSD symptoms and 

memory impairment (Brewin et al., 2007; Johnsen & Asbjørnsen, 2008). Brewin et al. 

(2007) found that the overall magnitude of the association was small to moderate, and was 

stronger for verbal than for visual memory, affecting immediate and delayed recall equally, 

even after controlling for the presence of concurrent head injuries. Johnsen and Asbjørnsen 

(2008) examined verbal memory only and found a medium effect comparing people with 

PTSD to normal controls. Both meta-analyses found that effect sizes were smaller when 

trauma-exposed, rather than non-traumatized control groups were used. Both meta-analyses 

concluded that the association between PTSD and memory impairment was present in both 

military and civilian samples, whereas Johnsen and Asbjørnsen (2008) concluded that the 

strongest effects were observed among war Veterans.

Attention and Executive Functioning

These constructs are reviewed together because of significant conceptual overlap (Lezak, 

1995). In two studies that tested a four-domain model of attention (Mirsky, Anthony, 

Duncan, Ahearn, & Kellam, 1991), Gulf War and Vietnam Veterans with PTSD performed 

worse than warzone-exposed Veterans without PTSD on sustained attention and encoding 

tasks, but not on focus-execute or a shifting task (Vasterling et al., 1998; 2002). These 

findings are representative of other studies with war Veterans in which PTSD was associated 

with deficits on encoding (e.g., Gurvits, Lasko, Schacter, Kuhne, Orr, & Pitman, 1993; 

Uddo, Vasterling, Brailey, & Sutker, 1993; Barrett, Green, Morris, Giles, & Croft, 1996; 

Vasterling, Brailey, Constans, Borges, & Sutker, 1997; Beckham, Crawford, & Feldman, 

1998; Gilbertson et al., 2001), but not set-shifting (Gurvits et al., 1993; Sullivan, Krengel, 

Proctor, Devine, Heeren, & White, 2003) or focus-execute tasks (Litz et al., 1996). Findings 

regarding sustained attention have been mixed, with studies finding PTSD-related deficits in 

Veterans (Semple et al., 1996) and civilians (e.g., McFarlane, Weber, & Clark, 1993) while 

other studies of Veterans found no relation (Sullivan et al., 2003; Vasterling et al., 2000). 

These mixed findings may be related to differences across sustained attention tasks. PTSD 

symptom severity was associated with a pattern of cognitive intrusion (i.e., commission 

errors, failure to inhibit inappropriate responses) across a range of tasks (Vasterling et al., 

1998). Similarly, an association was found between PTSD and perseverative responses 

suggestive of ventromedial prefrontal dysfunction (Koenen et al., 2001), suggesting that 

PTSD may be associated with executive dysfunction.

Owing to increased awareness of the prevalence of TBI and high rates of co-occurrence 

between PTSD and TBI among OEF/OIF Veterans (Hoge et al., 2008; Carlson et al., 2011), 

few studies have examined the effect of PTSD on neuropsychological test performance 

independent of the effect of TBI. The Neurocognition Deployment Health Study (NDHS) 

examined cognitive functioning among soldiers before and after deployment to Iraq (OIF) 

and found an interaction between PTSD symptom severity and time since deployment on 

sustained attention (Marx et al., 2009a). Among soldiers who returned from Iraq more than a 

year prior to re-assessment (n = 164), greater PTSD severity was associated with worse 

attention after controlling for pre-deployment performance, whereas no effect of PTSD was 

found for Soldiers who returned more recently (n = 104). There was no effect of PTSD on 
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verbal memory, visual memory, or response time, and no effect of level of combat exposure, 

depression, head injury, or recent alcohol consumption on any of these tasks. These findings 

suggest that more chronic PTSD symptoms exert a larger and potentially an increasing 

influence on attentional impairment a year after deployment to Iraq compared to other 

factors that may influence neuropsychological functioning.

Based on prior findings suggesting that pre-trauma neurocognitive tasks tapping 

hippocampal and prefrontal functions may moderate the development of PTSD symptoms 

among war Veterans (Gilbertson et al., 2006) and civilians (Parslow & Jorm, 2007), a 

subsequent NDHS report (Marx, Doron-Lamarca, Proctor, & Vasterling, 2009b) examined 

whether pre-deployment neurocognitive functioning predicted post-deployment PTSD 

symptoms. Marx et al. (2009b) examined 668 soldiers and found that worse performance on 

immediate visual memory was the only pre-deployment neurocognitive variable that 

predicted higher levels of residualized post-deployment PTSD symptoms after covarying 

level of combat exposure. This suggests that better ability to form visual images, which may 

facilitate rehearsal and habituation in response to a traumatic event, may protect against the 

development of PTSD. Pre-deployment delayed visual memory, verbal memory, working 

memory, sustained attention, and inhibition did not predict residualized post-deployment 

PTSD symptoms in this study. In summary, PTSD adversely affects neurocognition and vice 

versa. These effects are evident even in the absence of traumatic brain injury (TBI). Below, 

the effects of TBI, and in particular mild TBI (mTBI), are reviewed.

Neuropsychology of mTBI

Mild TBI is the diagnosis used to describe the experience of a brief alteration of mental 

status (e.g., confusion, disorientation), loss of consciousness for less than 30 minutes, and/or 

post-traumatic amnesia (loss of memory for events immediately before, during, or after an 

injury) for less than 24 hours following an impact to or forceful motion of the head [National 

Center for Injury Prevention and Control (NCIPC), 2003]. This type of injury is typically a 

closed-head injury, sustained as a result of events such as a motor vehicle accident, direct or 

indirect exposure to an explosion, or a fall, as opposed to a penetrating injury. mTBI, also 

referred to as concussion, is common in the general population (1-2%, Remedy Health 

Media, 2010), and as mentioned above, is particularly prevalent in Veterans returning from 

military operations in Iraq and Afghanistan, with estimates from 15-20%).

Studying the neuropsychological effect of mTBI is complicated by several issues including: 

(a) a wide range in severity of mTBIs; (b) the variability in remission of cognitive symptoms 

(discussed below); and (c) evidence suggesting that few individuals with mTBI are formally 

assessed with neuropsychological measures to quantify deficits because most mTBIs are 

treated in non-hospital medical settings (e.g., outpatient clinics) or not at all (e.g., Cassidy et 

al., 2004; NCIPC, 2003). Studies of OEF/OIF military Veterans are complicated by the 

variable and often lengthy duration between the time of injury(ies) and formal 

neuropsychological assessment, high rates of co-occurrence between mTBI and PTSD in 

this population (e.g., Carlson et al., 2011; Hoge et al., 2008), symptom overlap between 

mTBI and PTSD, as well as the potential influence of post-secondary gain (e.g., Nelson, 

Hoelzle, McGuire, Gerrier-Auerbach, Charlesworth, & Sponheim, 2010).
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Prognosis and Recovery

Whereas most individuals experience at least some cognitive difficulties following mTBI 

(Belanger, Curtiss, Demery, Lebowitz, & Vanderploeg, 2005), there is significant variability 

in the duration and course of post-concussion recovery. Evidence clearly suggests that, for 

most people, the cognitive effects of mTBI resolve within days to three months post-injury 

(for meta-analyses see: Belanger et al., 2005; Frenchman et al., 2005; Iverson, 2005; 

Schretlen & Shapiro, 2003). Yet, despite generally good long-term prognosis for individuals 

who experience a mTBI, a subset report the subjective experience of chronic cognitive 

deficits, especially in attention and memory (e.g., Dikmen, Machamer, Fann, & Temkin, 

2010; Vanderploeg, et al., 2009; Iverson, 2005; Hartlage, Durant-Wilson, & Patch, 2001; 

Binder, Rohling, & Larrabee, 1997; Rimel, Giordani, Barth, Boll, & Jane, 1981).

Domains of cognitive functioning affected by mTBI

Post-injury reductions in information processing speed have been identified as the single 

greatest predictor of neuropsychological functioning during the acute stages of recovery 

following mTBI (Frenchman, Fox, & Mayberry, 2005). In addition, attention, specifically 

concentration and divided attention, as well as learning/memory processes, are the primary 

cognitive symptoms following a concussion/mTBI (APA, 2000). Executive functioning (EF) 

is another key area to assess in an objective neuropsychological examination of mTBI (e.g., 

Demery, Larson, Dixit, Bauer, & Pearlsteim, 2010), as EF deficits often result in cognitive, 

behavioral, and/or emotional difficulties following mTBI. In terms of behavioral and 

emotional symptoms, headaches, vertigo/dizziness, becoming easily fatigued, disruptions in 

sleep, irritability/aggression, anxiety, depression, affective lability, apathy, and changes in 

personality also have been identified as characteristic post-concussion difficulties (APA, 

2000). Notably, many of these symptoms overlap with the diagnostic criteria for PTSD, 

complicating assessment and diagnosis.

The Effect of Effort

As with civilian samples (e.g., Heilbronner et al., 2009; Belanger et al., 2005), evidence 

suggests the importance of examining the effects of evaluation context and effort during 

testing on neuropsychological performance in OEF/OIF Veterans with deployment-related 

mTBI (Nelson et al., 2010; Armistead-Jehle, 2010; Whitney, Shepard, Williams, Davis, & 

Adams, 2009). A survey of studies reveals that some Veterans demonstrate insufficient effort 

during neuropsychological testing, with estimates ranging from 17% of a sample with a 

history of mTBI performing poorly on at least two effort tests (Whitney et al., 2009) to 50% 

performing poorly on at least one effort test (Armistead-Jehle, 2010). Nelson and colleagues 

(2010) compared testing effort (measured by the Rey Fifteen Item Test, the California Verbal 

Learning Test-II, the Victoria Symptom Validity Test, and the Overall Test Battery Measure) 

and neuropsychological performance among four groups of Veterans: OEF/OIF Veterans 

with and without a history of mTBI tested in a research setting, OEF/OIF Veterans with 

mTBI tested or in a forensic setting, and non-OEF/OIF Veterans with mTBI tested in a 

forensic setting. The vast majority of all Veterans tested within a forensic setting (84.1%) 

demonstrated insufficient effort on at least one of three indicators (rates did not differ by 

OEF/OIF status), far exceeding the 10.7% insufficient effort rate observed in OEF/OIF 
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Veterans tested for research purposes (Nelson et al., 2010). In total, effort accounted for 

20-33% of the variance in cognitive performance for Veterans tested in a forensic setting, 

compared to just 1-8% of the variance for research participants (Nelson et al., 2010). These 

findings underscore the importance of incorporating tests of effort in assessments of 

neuropsychological functioning in Veterans being evaluated for cognitive deficits following 

mTBI, particularly within clinical and forensic settings.

Interestingly, self-reported cognitive symptoms following mTBI are not strongly associated 

with neuropsychological performance in OEF/OIF Veterans (Spencer, Drag, Walker, & 

Bieliauskas, 2010), and in this study, only a small proportion of Veterans failed effort testing 

measured by the Rey Fifteen Item Test. Specifically, subjective ratings of attention/

concentration and thinking/organization were unrelated to objective tests of these domains. 

Self-reported ratings of memory impairment were only modestly correlated (r = −.20) with 

verbal delayed recall and were unrelated to verbal immediate recall and delayed recall of 

non-verbal information (Spencer et al., 2010). Moreover, self-reported cognitive problems 

were positively correlated with the number of symptoms of depression, PTSD, and anxiety 

these Veterans endorsed (Spencer et al., 2010). These findings highlight the influence of 

psychological distress on subjective perceptions of cognitive difficulties following mTBI. 

These findings also suggest that standardized clinical neuropsychological tests may not be 

sufficiently sensitive to detect subtle reductions in cognitive abilities following mTBI that 

may, nonetheless, contribute to distress.

Neuropsychology of co-occurring PTSD/mTBI

Although there are many overlapping deficits seen when the two are assessed individually, 

some studies have found deficits that are thought to be unique to their co-occurrence. These 

include differing levels of severity of deficits associated with either PTSD or mTBI, as well 

as additional impairments not typically associated with either.

Prevalence

There are a number of estimates regarding the co-occurrence of PTSD and mTBI. Hoge, et 

al. (2008) indicated that, out of their sample, 43.9% of Army infantry Soldiers who lost 

consciousness and 27.3% with an altered mental state reported symptoms congruent with 

PTSD. This equated to approximately 5% of their sample meeting criteria for both PTSD 

and TBI. Similarly, in another study, results indicated that approximately one-third of 

Veterans who experienced a TBI also reported symptoms of PTSD (Tanielian & Jaycox, 

2008).

Methodological issues

Studying the influence of co-occurring PTSD and mTBI on neuropsychological functioning 

has proven challenging. Findings are conflicting, especially as to whether or not the co-

occurrence of PTSD and mTBI leads to deficits over and above their individual effects 

(Gordon, et al., 2011). Additionally, not all studies have used a no-diagnosis control group 

for comparison. For example, Brenner et al. (2010) found no differences between a group 

with PTSD only and a group with co-occurring PTSD and mTBI on measures of processing 
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speed, inhibition, abstract concept formation, set shifting and maintenance, immediate 

memory, delayed recall, visual search, tracking, sustained attention, and working memory.

Attention/Memory/Executive Functioning

Although few data are available, there has been some interesting neuropsychological 

evidence indicating neuropsychological deficits unique to patients with co-occurring PTSD/

mTBI. One study indicated lower Stroop Word Reading scores in Veterans with co-occurring 

PTSD/TBI compared to Veterans diagnosed with PTSD only (Brenner, at al., 2010), and a 

co-occurring group scored lower on set-shifting, an executive function (Barrett et al., 1996). 

Another study demonstrated verbal processing speed deficits in both PTSD and comorbid 

diagnosis groups as compared to control and TBI only groups (Campbell, et al., 2009). This 

study (Campbell et al., 2009) also found executive functioning deficits in PTSD alone 

compared to a group with co-occurring PTSD and mTBI.

Effort

One study compared the relative influence of self-reported TBI and PTSD on processing 

speed and executive functioning in OEF/OIF combat Veterans with TBI only (average 9.7 

months post-head injury), co-occurring TBI and PTSD (average 28.4 months post-head 

injury), or PTSD only (Campbell et al., 2009). Of note, after excluding 19% of the sample 

for insufficient effort, Veterans with mild to moderate TBI alone did not perform more 

poorly on these measures than Veterans with PTSD alone (Campbell et al., 2009).

Despite methodological differences, these studies suggest that, in the long-term, the 

cognitive effects of exposure to mTBI are comparable to that observed in Veterans who 

endorse significant symptoms of PTSD, and the co-occurrence, where studied, is associated 

with greater cognitive difficulties.

Structural and Functional Neuroimaging of PTSD and TBI in OEF/OIF 

Veterans

Structural Neuroimaging Studies

Structural Neuroimaging of PTSD—Many structural neuroimaging studies have 

examined PTSD since Bremner and colleagues’ (1995) seminal magnetic resonance imaging 

(MRI) study, although few have examined neuroanatomical correlates of combat-related 

PTSD among OEF/OIF Veterans. In civilians samples, there is substantial evidence that 

adults with PTSD have smaller hippocampal volumes versus those without PTSD (Hedges 

& Woon, 2010; Karl et al., 2006; Kitayama et al., 2005; Smith, 2005), though these 

differences may be present premorbidly (Kimble, 2008; Gilbertson et al. 2002; Woodward, 

et al., 2006, 2009). PTSD vs. no-PTSD volumetric differences in other brain structures have 

not been reliably demonstrated. Karl and colleagues’ (2006) meta-analysis reported lower 

amygdala volume, whereas Woon and Hedges’ (2010) larger meta-analysis failed to 

replicate this finding. Lower anterior cingulate cortex (ACC; Karl et al., 2006; Woodward et 

al., 2005, 2006) and medial prefrontal cortex (mPFC) volumes of patients with PTSD have 

been reported (Shin, Rauch, & Pitman, 2005; Milad & Rauch, 2007; Rauch et al., 2003; 
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Yamasue et al., 2003), though differences in these regions are not as well-substantiated as 

the hippocampus differences.

Two recent studies in Veterans are noteworthy. Wang and colleagues (2010) used high 

resolution MRI at 4T to examine possible differences in hippocampal subfields between 

Veterans with and without PTSD (23% Vietnam, 16% Gulf War, 61% OEF/OIF). This study 

was the first to demonstrate an association between PTSD and selective volume loss in the 

cornu ammonis 3 (CA3) and dentate gyrus subfields of the hippocampus in humans, which 

replicates prior work with animals (e.g., McKittrick et al., 2000; Pham, Nacher, Hof, & 

McEwen, 2003). In a second study using a subsample of the same participants, Schuff and 

colleagues (2011) used diffusion tensor imaging (DTI) to further assess possible 

microstructural differences between Veterans with and without PTSD. They found that 

Veterans with PTSD had reduced fractional anisotropy (FA) in areas near the ACC, 

prefrontal cortex (PFC), precentral gyrus, and posterior angular gyrus, demonstrating less 

integrity of white matter near these areas. This pattern of deficits is particularly intriguing 

given corroborating evidence from functional neuroimaging studies that suggest an affective-

cognitive network imbalance in PTSD (see below).

Taken together, these findings suggest that volumetric differences within the limbic system 

may underlie some of the affective and cognitive processing symptomatolgy of PTSD as 

well as the autonomic effects observed. In addition to being anatomically linked, the 

neurofunctional roles of these brain structures contribute to affective processing (Gordon et 

al., 2011; Williams et al., 2006), memory consolidation (Squire, 1992; Roozendaal et al., 

2009; Segev, Ramot, & Akirav, 2012), memory formation (Buzsáki , Chen, & Gage, 1990; 

Squire, 1992), and stimulus monitoring (Mayer et al., 2011), in addition to their 

contributions to interoception (for review, please see Cameron, 2001). Thus it is likely that 

these neuroanatomical findings affect the neurofunctional properties and capacity of these 

structures to perform their operations effectively, particularly with regard to cognitive and 

affective processing (Figure 1).

Structural Neuroimaging of TBI—It is well established that conventional structural 

imaging techniques, such as computed tomography (CT) and MRI, are unlikely to advance 

our understanding of combat-related mTBI, as these methods are generally considered to 

lack sufficient sensitivity to detect the subtle abnormalities that characterize mTBI (Mac 

Donald, et al., 2011). However, studies of civilians have demonstrated the utility of DTI for 

examining white matter abnormalities in TBI (e.g., Kraus, Susmaras, Caughlin, Walker, 

Sweeney, & Little, 2007). In that vein, the limited research on TBI in OEF/OIF Veterans that 

has been conducted to date has primarily relied upon DTI and high resolution MRI. In one 

of the only large scale DTI studies of TBI conducted among OEF/OIF Veterans to date, Mac 

Donald and colleagues (2011) reported that DTI was able to detect a significantly greater 

number of abnormalities for 18 of 63 OEF/OIF Veterans with TBI than would be expected 

by chance (p < .001). Specifically, relative to control participants, OEF/OIF Veterans with 

TBI showed abnormalities in the middle cerebellar peduncles, cingulum bundles, and right 

orbitofrontal white matter, regions that have been implicated in the TBI based on intracranial 

wave physics (Taylor & Ford, 2009), despite normal MRI findings (Figure 2). They also 

noted abnormalities in the uncinate fasciculus and the anterior limb of the internal capsule. 
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The former has shown aberrant properties in PTSD, suggesting a potential underlying culprit 

in the high comorbidity rates seen in OEF/OIF Veterans. These results were deemed to be 

consistent and reliable based on 6- and 12-month follow-up scans of 47 TBI participants 

which showed persistent abnormalities in these same regions. These data highlight the need 

for additional TBI research to be conducted with OEF/OIF Veterans using more advanced 

structural neuroimaging techniques, such as DTI and high field, high resolution MRI. This is 

particularly important research among Veterans from the current war theatres, as the nature 

and frequency of TBIs (e.g., recurrent blast exposure) differ substantially from typical head 

injury exposures in the general population.

Structural Neuroimaging of Co-occurring PTSD & TBI—Structural studies have 

recently begun to examine the co-occurrence of PTSD and TBI. In one of the few studies to 

date examine structural differences among Veterans with PTSD, TBI, or both (war theater 

was not specified), Brenner and colleagues (2009) found that participants diagnosed with 

TBI only were more likely to have MRI head- trauma-related findings [i.e., 

encephalamalacia or gradiant echo (GE) identified hemosiderin deposits1] when compared 

to patients that had co-occurring comorbid PTSD and TBI. Sponheim and colleagues (2011) 

used DTI to identify neuroanatomical correlates of neurofunctional abnormalities [assessed 

using electroencephalogram (EEG)] in nine blast-injured OEF/OIF Veterans compared with 

matched healthy civilians. They found that decreased neuronal synchronicity was correlated 

with measures of decreased white matter integrity (increased FA) in the frontal lobe above 

and beyond the variance explained by PTSD symptoms or medications. The consistency of 

frontal lobe dysfunction coupled with aberrant neuroanatomical findings across modalities 

(i.e., EEG, fMRI, DTI) suggests that the frontal lobe is a key component in the underlying 

neuropathophysiology of both combat-related TBI and PTSD.

The study conducted by Sponheim and colleagues (2011) is one of the only structural 

imaging studies of TBI that used PTSD as a covariate. Thus, additional research aimed at 

using

DTI and other advanced structural imaging techniques to disentangle the complex 

relationship between PTSD and TBI among OEF/OIF Veterans is needed.

Functional Neuroimaging Studies

Functional neuroimaging—namely functional MRI (fMRI) and positron emission 

tomography (PET)—are flexible imaging techniques that capture changes in neural activity 

within the brain. Functional neuroimaging techniques can be used to assess population 

differences in the way that diseased brains process and evaluate stimuli relative to those who 

are unaffected. They also enable researchers to examine differences in connectivity and the 

neural processes that underlie complex cognitive functions. Thus, functional neuroimaging 

techniques hold great promise for understanding the changes that occur within the brains of 

OEF/OIF military personnel who sustain TBIs and/or develop PTSD as part of their 

1Hemosiderin deposits are iron deposits thought to be left behind after a bleed in the brain. Because this iron is magnetic, it can be 
detected via MRI. Suceptibility Weighted Imaging (SWI) or other field-dependent relaxivity imaging also potentially could be used to 
detect microbleeds (TBIlaw.com).
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deployments. Furthermore, functional neuroimaging techniques may eventually improve 

clinical care by identifying regional brain abnormalities that could serve as targets for 

therapeutic interventions.

Functional Neuroimaging of PTSD—Neuroanatomical and neurobiological models of 

PTSD suggest that alterations within the limbic system and memory networks may underlie 

the disorder. However, few studies to date have examined the neurofunctional correlates of 

combat-related PTSD among OEF/OIF Veterans. In one of the few large studies of post-9/11 

Veterans, Hayes and colleagues (2011) found behavioral and neurofunctional differences 

between Veterans with PTSD and trauma-exposed controls. Specifically, they observed 

lower amygdala and hippocampal activity during encoding of trauma-related stimuli, 

supporting the role of the medial temporal lobes in PTSD. Morey and colleagues (2008) had 

participants perform an fMRI task during which they alternated between viewing neutral or 

combat-related images and a cognitive task to identify network changes in regions that 

subserve cognitive and emotional processes. Compared to the neutral pictures, activation for 

the emotionally laden pictures in the ventromedial emotional processing stream comprised 

of the ventromedial prefrontal cortex, inferior frontal gyrus, and ventral anterior cingulate 

was associated with PTSD symptom severity. Interestingly, activations during the cognitive 

task in the middle frontal gyrus, dorsal anterior cingulate, and inferior parietal lobule were 

negatively correlated with PTSD symptoms. Additionally, Schuff and colleagues (2011) 

demonstrated disrupted functional connectivity in the frontal lobes using EEG. Together, 

these findings corroborate with neuroanatomical results suggesting aberrant frontolimbic 

circuitry as a signature for the disorder.A different approach to understanding combat-related 

PTSD would be to characterize neurofunctional markers of resilience. Vythilingham and 

colleagues (2009) compared civilians to special forces Soldiers deemed resilient to the 

development of PTSD. During a monetary incentive delay task, known to activate the 

reward-senstive ventral striatum (Knutson et al., 2000), they found differences in neural 

activity within the subgenual prefrontal cortex and the nucleus accumbens area unrelated to 

performance measures. Specifically, they found that civilians had increased activation of 

these regions during anticipation of high reward conditions compared to low reward 

conditions, while the soldiers had no differences in brain activation between conditions. 

Thus, one can conclude that resilience may be marked by a neuronal ‘numbing’ of the 

reward system, an invariable level of neural activity unresponsive to reward valence. 

Alternatively, resilience may be marked by extreme high or low baseline activity, creating 

ceiling or floor effects. Although the authors readily admitted the shortcomings of the study 

(i.e., using non-trauma exposed civilians as a control group), using a novel cohort of this 

type warrants additional attention, as studies designed to identify factors that contribute to 

resiliency may also help to identify soldiers at greatest risk for post-deployment difficulties. 

Further, fMRI has been used to document treatment response. Preliminary findings from 

Roy and colleagues (2010) showed that successful PTSD treatment (e.g., through the use of 

exposure therapy delivered via virtual reality or prolonged imaginal exposure) was 

associated with decreased activation in the amygdala, subcallosal gyrus, and lateral 

prefrontal cortex. Importantly, these regions are similar to those identified as hyperactive in 

previous studies of OEF/OIF Veterans (e.g., Morey, et al., 2008), suggesting that successful 

treatment for PTSD might be associated with a dampening of hyper-sensitivity of these 
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regions. Combined with studies examining the correlation between PTSD symptoms and 

neurofunctional responses, a distributed network emerges in which structures subserving 

emotion appear to be negatively correlated to symptoms of combat-related PTSD, while 

those subserving both cognition and emotion seem to be positively correlated (Figure 3). 

Given these findings, it is important that we begin to understand the relationships within the 

fronto-limbic circuit to better understand the mechanisms underlying this complex disorder.

Functional Neuroimaging of mTBI—TBI—particularly combat-related TBI—has been 

relatively understudied within the functional neuroimaging community to date. A recent 

meta-analysis of studies examining civilians who have sustained mTBI found that, relative to 

healthy controls without TBI, patients exhibit differential activation in several prefrontal, 

temporal, and parietal regions, including the superior and middle frontal gyri, the superior 

temporal gyrus, and the superior and inferior parietal lobules (Simmons & Matthews, in 

press). In one of the few studies of its kind, Peskind and colleagues (2011) used PET to 

compare twelve Iraq war Veterans with mTBI and persistent PCS (ten of whom also met 

DSM-IV criteria for PTSD) with twelve cognitively normal community volunteers. The 

Veterans with PCS exhibited a decreased cerebral metabolic rate of glucose in the 

cerebellum, portions of the brainstem (e.g., pons), and the medial temporal lobe, suggesting 

that hypometabolism in these areas might underlie the persistent PCS often observed among 

OEF/OIF Veterans who sustain mTBIs. However, the differences in medication status and 

age between the Veteran and control groups, as well as the potential confound of PTSD on 

the Veteran TBI group causes some hesitation in interpreting these results. Despite these 

caveats, this study represents an important advancement in the way that research on 

returning war Veterans is approached. Furthermore, these results are consistent with white 

matter tractography differences observed in mTBI, and in line with current theories on the 

physical properties of TBI injuries.

Functional Neuroimaging of Comorbid PTSD & TBI—There are few functional 

neuroimaging studies of the co-occurrence of TBI and PTSD. Using information from the 

BrainMap database (Fox & Lancaster, 2002; Laird, et al., 2009; Laird, Lancaster, & Fox, 

2005), Simmons and Matthews (2011) used meta-analytic techniques to identify regions of 

overlap between PTSD and mTBI in the published literature. Separate meta-analyses were 

performed on PTSD and mTBI. Only a few regions were identified in both analyses, with 

the greatest overlap occurring in the middle frontal gyrus. Importantly, differences in middle 

frontal gyrus activation were in opposite directions. Specifically, participants with PTSD 

demonstrated more activation in the middle frontal gyrus relative to controls, whereas 

participants with mTBI demonstrated compromised activation, although the authors suggest 

that this difference may be due to differences in study design and tasks. Overlap was also 

observed to a lesser extent in the caudate and ACC. However, as with the overlap found in 

the middle frontal gyrus, these results should be interpreted with caution in relation to 

combat-related PTSD given that the findings are based on a diverse set of non-Veteran 

participants.
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Combined Neuroimaging and Neuropsychological Assessment Studies

Multimodal research is a necessary precursor to advancing our understanding of complex 

neurological and psychiatric disorders like TBI and PTSD. One promising approach is the 

combination of neuroimaging and neuropsychological assessment. Use of these 

complementary approaches in tandem has potential to more efficiently elucidate the 

pathophysiological mechanisms underlying PTSD and TBI. As noted above, one of the most 

consistent findings among Veterans with PTSD has been reduced hippocampal volume. 

Given the hippocampus’ well-established role in long-term memory consolidation (Kandel, 

Schwartz, & Jessell, 1991), it has been suggested that these deficits underlie the memory 

impairments sometimes observed among patients with PTSD (Horner & Hamner, 2002; Shin 

et al., 2005). Support for this position comes from early MRI studies demonstrating 

correlations between hippocampal volume and verbal memory scores. For example, 

Bremner et al. (1995) reported that decreased right hippocampal volume was associated with 

deficits in short term verbal memory among Vietnam combat Veterans. Results in this area 

have not been entirely consistent (e.g., Stein et al., 1997), however, and many of these 

studies were not conducted with combat-exposed Veterans. Thus, the degree to which these 

findings can be extrapolated to OEF/OIF Veterans is unclear, and the likelihood that the 

complex, diverse set of deficits observed are a result of a single neural component are 

unlikely. Rather, it is more probable that the neuroanatomical deficiencies result in disrupted 

functional capacity both locally (i.e., within the structure itself), as well as globally (i.e., 

between the structure and its neuroanatomical connections).

The study conducted by Peskind and colleagues (2011) described above also included a 

neuropsychological assessment in addition to the PET scan. This study found that Veterans 

with mTBI showed subtle impairments in verbal fluency, cognitive processing speed, 

attention, and working memory (as measured by the Sentence Repetition, Ruff 2 & 7 speed, 

and Categories) as well as decreased cerebral metabolic rate of glucose in the cerebellum, 

portions of the brainstem (e.g., pons), and the medial temporal lobe. The authors noted that 

this pattern of results was quite consistent with a “cerebellar cognitive affective syndrome” 

that has been found among patients presenting with cerebellar lesions (Schmahmann, 2004). 

It is important to recall that 10 of 12 participants in this study had co-occurring PTSD. This 

further highlights the need to understand the neural relationships between structures of 

interest in PTSD and TBI to better delineate the neural hallmarks of the disorder.

More recently, Brenner and colleagues (2009) found that participants who sustained a TBI 

were more likely to have MRI head trauma-related findings when compared to patients with 

co-occurring PTSD and TBI. This study also included a neuropsychological assessment 

battery, although only minimal differences on the neuropsychological measures were noted 

between Veterans with TBI, PTSD, or both. For example, no significant group differences 

were found on the Halstead Impairment Index (HII), Paced Auditory Serial Addition Task 

(PASAT), Rey Auditory Verbal Learning Test (RAVLT), or Continuous Performance Test-II 

(CPT-II) scores, tests of attention (PASAT and CPT-II) and verbal learning and memory 

(RAVLT). There were, however, significant differences on the Booklet Category Test (BCT), 

a test of executive functioning. Specifically, the results indicated that patients with TBI only 

performed better than patients with PTSD or a co-occurring diagnosis on this assessment. 
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While the comprehensive neuropsychological inventory in the Brenner and colleagues 

(2009) study is a particular strength, the inclusion of only conventional MRI measurements 

hindered its effect on our understanding of TBI and PTSD. Utilizing more sensitive and 

robust measurements, such as DTI and functional connectivity (rather than just activation 

studies) will likely lead to advancements in our understanding of the neurophysiological 

basis of both disorders. Thus, while the inclusion of neuropsychological tests is important, it 

is equally important to take advantage of the technological and statistical advances within 

the neuroimaging community. For example, Levin and colleagues (2010) used DTI along 

with assessments of verbal memory, PTSD, and PCS to compare OEF/OIF Veterans with 

TBI to a control group of Veterans without TBI. They reported that Veterans with TBI 

demonstrated less efficient verbal memory, and that the verbal memory deficits were 

unrelated to PTSD severity. Interestingly, DTI revealed that total words recalled consistently 

was positively correlated with fractional anisotropy (FA; the amount of diffusion of water in 

white matter, in which higher FA means lower white matter integrity) in the left and right 

posterior internal capsule and left corticospinal tract. No other group differences were found 

for nonverbal memory or decision making. In addition, DTI measures were uncorrelated 

with symptom measures. Thus, utilizing advanced imaging techniques and 

neuropsychological batteries will increase our sensitivity to detect subtle differences in 

neural networks, propelling our understanding of these disorders forward.

CONCLUSIONS

Despite many neuropsychological deficits falling in the normal to mild range in PTSD and 

mTBI, the subjective presence of differences in cognitive and emotional functioning can be 

quite distressing to Veterans upon their return from deployment. Although extensive 

research has documented associations between PTSD and mTBI and neurocognitive 

impairment, there is currently no established neuropsychological profile for either disorder, 

or their comorbidity, that aids in differential diagnosis (see Table 1 for a summary of 

neuropsychological findings in these disorders). The relative paucity of research exploring 

the specific co-morbidity leaves us with little to confidently state regarding the mechanisms 

of action for the pattern of mild to moderate deficits. It is of note that, currently, not enough 

information is available to make conclusions about severity of deficits seen in the comorbid 

diagnosis of PTSD and mTBI across all cognitive domains. Our review of the few studies 

that examine neuropsychological function in the co-occurrence of these disorders have 

produced mixed findings, but the balance of the studies indicate that participants with PTSD 

and mTBI together do worse on neuropsychological measures than those with either alone.

Of particular import are the conceptual and methodological issues regarding the temporal, 

sequential and synergistic effects of having a neuropathologic event (mTBI) and traumatic 

exposure that results in at least one Axis I diagnosis (PTSD). We cannot yet say whether 

cognitive impairments represent risk/resilience factors; perhaps cognitive impairments are 

most frequently consequences of traumatic exposure. Alternatively, the smattering of mild to 

moderate impairments may be clinical correlates of these disorders. Regarding PTSD, the 

preponderance of the preliminary data suggests that the relation is bi-directional: some 

cognitive variables moderate the impact of subsequent trauma exposure on PTSD, whereas 

others may develop concurrently with PTSD or change over time as a result of PTSD (Marx 
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et al., 2009b; Vasterling & Verfaellie, 2009). The degree of specificity of the relation 

between PTSD and cognitive functioning relative to the effects of trauma exposure and 

commonly co-occurring conditions (e.g., head injury, depression, substance use) is a 

complex issue. Some have questioned the integrity of an association between PTSD and 

neuropsychological impairment once key methodological factors have been carefully 

considered (Danckwerts & Leathem, 2003; Crowell, Kieffer, Siders, & Vanderploeg, 2002). 

However, at least one study of Soldiers deployed to Iraq identified relatively specific effects 

of PTSD on attention (e.g., Marx et al., 2009a).

Overall, the current state of the literature suggests that the neuropsychology of mTBI in 

Veterans is similar to what is known about the effects of mTBI in the general population. 

Following mTBI, many Veterans will experience acute cognitive (e.g., attention, learning/

memory, processing speed) and/or emotional/behavioral (e.g., irritability, disruptions in 

sleep) difficulties that will typically resolve in the first three months following injury. In 

addition to the challenges associated with obtaining a clear understanding of the acute 

cognitive effects of mTBI within the general population, studies of Veterans are also made 

difficult by the often significant time lapse between the injury and opportunity for formal 

assessment, symptom overlap between mTBI and PTSD, as well as other factors influencing 

testing effort and symptom reporting. The clinical utility of formal neuropsychological 

assessment to aid in diagnosis and treatment planning for Veterans with PTSD and/or TBI 

has yet to be firmly established. It may also be the case that formal neuropsychological tests 

alone may be insufficient to detect subtle cognitive changes that could lead to subjective 

distress. Assessment of psychological symptoms and effort testing are crucial components of 

comprehensive evaluation of these disorders.

There is a pressing need for additional prospective, longitudinal studies, as the majority of 

data to date have been cross-sectional. We must follow Veterans with mono- and dual-

consequences of combat exposure in order to study the directionality of the influences of 

PTSD and mTBI on cognitive symptoms, especially as aging and additional injuries may 

change the course of symptoms. Careful attention to the assessment of other meaningful co-

occurring diagnoses that further cloud the picture is imperative in future research efforts. 

Addressing the knowledge gap will ultimately facilitate efficient matching of interventions 

to individuals.

Future Directions

As we approach the second decade of Iraq/Afghanistan deployments, it is vital that imaging 

studies specific to the OEF/OIF war theater personnel emerge, particularly those identifying 

the abberant neural patterns, whether structural or functional, associated with two of the 

most common combat morbidities. These studies should also include evaluation of our 

current war, Operation New Dawn, which may have parallels and differences with the two 

prior wars. Given the unique length and number of deployments, combined with the multiple 

exposures to blast and trauma incidents, such studies are necessary to advance our 

understanding of the neuropsychological processes, courses of disease, and therapeutic 

remedies that may ultimately impact the quality of care we can deliver to Veterans. Though 

recommendations for improved research methodologies have existed in the literature for a 
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couple of years (Van Boven, et al., 2009), few studies adopting these regimens have been 

identified, despite the mounting need. Objective and specific neuroimaging based 

biomarkers for both disorders would be invaluable for improving diagnosis, subsequent 

symptom monitoring, and treatment. Additional studies utilizing newer and more advanced 

imaging technologies will be critical for making such biomarkers a reality (Mac Donald, et 

al., 2011). Moreover, there is a critical need for studies that use advanced imaging 

techniques to compare Veterans with PTSD only, TBI only, and co-occurring PTSD-TBI, as 

such an approach appears essential for disentangling this complex relationship. A second 

area of high priority research concerns the use of fMRI and other functional imaging 

techniques to document treatment response, as an improved understanding of the neural 

mechanisms that underlie successful treatment is essential for the development of novel 

therapeutic targets.

Another priority area concerns the use of meta-analytic tools that enable researchers to begin 

piecing together consistent patterns of differential activity between diseased and healthy 

populations (e.g., Simmons & Matthews, 2011). To date, these studies have consistently 

combined combat-related PTSD with all other types of PTSD, as well as mTBI resulting 

from blast injuries with mTBI associated with other types of head injuries, despite the 

accumulation of data suggesting that the different mechanisms of injuries may have different 

consequences (French, 2010). The lack of studies that more precisely identify and control 

severity of injury in TBI, time since injury, and whether participants are reporting subjective 

cognitive symptoms, other psychiatric conditions such as depression, and post-concussive 

symptoms also significantly limit the conclusions that can be drawn. Until a sufficient 

number of studies are conducted with combat Veterans to power separate analyses in well-

controlled samples, we will be forced to continue to rely upon existing models developed 

within the civilian arena.

Finally, due to the increased availability and use of advanced neuroimaging techniques, the 

clinical focus of neuropsychological assessment has increasingly turned to understanding the 

functional implications of injuries and the manner in which treatment influences 

neurological systems (Abutalebi, Doering, Della Rosa, & Mariën, 2008; Noggle, Davis, & 

Barisa, 2008; Ricker & Arenth, 2008). However, we believe that there is currently a pressing 

need for multimodal research studies that combine advanced neuroimaging techniques with 

sturdy neuropsychological assessment batteries. Such approaches are likely to yield far more 

useful information than designs that use single assessment methodologies. Ultimately, it is 

hoped that these and other novel neuroimaging designs will lead to pivotal advances in the 

diagnosis and treatment of PTSD and TBI among returning Veterans.
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Figure 1. 
Depiction of neural structures thought to be involved in combat-related PTSD. Here, the 

amygdala is depicted in red, the hippocampus in blue, and the anterior cingulate in green. 

The white matter tracts associated with PTSD are the uncinate fasciculus (shown as pink), 

the forceps minor and major (in yellow), and the anterior thalamic radiation (shown in cyan). 

Panels A and C are sagittal depictions. Panel B is an anterior view, and Panel D is a superior 

view of the cognitive-affective network implicated in PTSD.
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Figure 2. 
White matters tracts susceptible to mTBI. These include the anterior limb of the internal 

capsule, the cingulum bundle, the middle cerebellar peduncle, and the uncincate fasciculus.
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Figure 3. 
Neural structures that have been positively (red) or negatively (blue) associated with PTSD 

symptomatology. Regions in black have shown mixed results in the literature.
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Table 1

Neuropsychological Deficits in PTSD, mTBI, and PTSD/mTBI

Cognitive Domain PTSD mTBI PTSD/mTBI

Attention Moderate - Severe Mild Mild - Moderate

Inhibition Moderate Mild - Moderate Moderate

Processing Speed Mild Mild Mild

Set-Shiiting Mild Mild Moderate

Verbal Fluency Mild-Moderate Mild ---

Verbal Memory Mild-Moderate Mild ---

Visual Memory Mild Mild - Moderate ---

Working Memory Mild-Moderate Mild ---
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