
 

 
 

 

 
  

 

 

 
 

  
 

  

 
  

 
 

  
 

 
 

  

  

  

   
 

 
   

 

 

 
  

 

 
  

  
   

  

 

  

   
 

    
  

   
  

  

  

 

 
  

Reviews and Overviews 

Exploring the Convergence of Posttraumatic Stress 

Disorder and Mild Traumatic Brain Injury
 

Murray B. Stein, M.D., M.P.H. 

Thomas W. McAllister, M.D. 

The authors examine the relationship of 
the two signature injuries experienced by 
military personnel serving in Afghanistan 
and Iraq: posttraumatic stress disorder 
(PTSD) and mild traumatic brain injury 
(mild TBI). Studies show that a substantial 
minority of those serving develop persis
tent emotional sequelae (such as PTSD 
and other psychological health problems) 
and/or somatic or cognitive sequelae 
(postconcussive symptoms) of traumatic 
exposure. Remarkably, the mechanism 
(emotional versus biomechanical) and lo
cus (head versus other regions) of injury 
are weak determinants of whether an 
individual develops PTSD, persistent post-
concussive symptoms, or both. Preexist
ing or traumatically acquired cognitive 

dysfunction can increase the risk for these 
syndromes, probably by reducing cogni
tive reserve. Structural and functional 
neuroimaging studies can be interpreted 
to explain part of the shared symptomatic 
and functional variance in these syn
dromes, but this literature is far from con
sistent and serves mainly to raise new, 
challenging questions about mutual 
pathophysiology. The frequent conflu
ence of PTSD and persistent postconcus
sive symptoms in military personnel 
strains the bounds of these constructs. 
New studies are needed to improve our 
understanding of how emotional and bio
mechanical stressors can yield these ad
verse outcomes and how such outcomes 
can be prevented and treated. 

(Am J Psychiatry 2009; 166:768–776) 

The conflicts in Iraq and Afghanistan have focused re
newed attention on the mental health effects of combat 
(1). Evolution in how warfare is conducted, as well as in 
life-saving gear for military personnel, has resulted in a 
large and growing cohort of individuals who have been ex
posed to both psychological and biomechanical trauma 
(2). Until recently, the underlying pathophysiology and 
neuropsychiatric sequelae of psychological and biome
chanical trauma have been thought to have little in com
mon, and the co-occurrence of posttraumatic stress disor
der (PTSD) and traumatic brain injury (TBI) has been 
considered a relatively rare clinical event. The purpose of 
this article is to address this issue. First, we provide an 
overview of the epidemiology of PTSD and mild TBI, with 
an emphasis on recent studies of U.S. military personnel. 
Second, we describe the overlap in symptom profiles be
tween PTSD and mild TBI with the aim of developing a 
conceptual model for their shared and specific variance in 
functional outcomes. Third, we point to mutual risk fac
tors for PTSD and mild TBI that, if not appreciated, can 
confound interpretation of the literature on the interrela
tionship of these syndromes. Fourth, we refer to several re
cent structural and functional neuroimaging studies to il
lustrate how current theories of pathophysiology succeed 
in some respects (but fail in others) in explaining PTSD 
and mild TBI comorbidity following traumatic injury. Fi
nally, we highlight future directions for research that hold 

promise for improving our understanding and treatment 
of the effects of trauma from both psychological and bio
mechanical forces. 

Literature Review 

We conducted a PubMed search using the search terms 
“etiology,” “epidemiology,” or “treatment” in conjunction 
with “traumatic brain injury,” “traumatic injury,” “post
traumatic stress disorder,” or “combat stress.” We focused 
on more recent articles, in particular those that address the 
comorbid occurrence of PTSD and mild TBI. We used these 
articles to find links to earlier seminal works. We also re
viewed recent reports on PTSD (3, 4) and traumatic brain 
injury (5) from the Institute of Medicine, as well as relevant 
articles known to us from our respective experiences in 
these fields. 

PTSD and TBI Comorbidity in 
Perspective 

There are some discussions of comorbid PTSD and TBI 
in the literature (6–13), but this association did not come 
to widespread attention until recent reports from the U.S. 
military in Afghanistan (Operation Enduring Freedom) 
and Iraq (Operation Iraqi Freedom) (1, 14, 15). This rela
tive inattention to TBI-PTSD comorbidity may reflect the 
fact that PTSD has been the province of mental health pro-

This article is the subject of a CME course (p. 837). 
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STEIN AND MCALLISTER 

fessionals, whereas TBI has been primarily the purview of 
neurologists, neurosurgeons, neuropsychologists, and 
physical medicine and rehabilitation specialists. This pro
fessional divide is reflected in the dichotomous use of the 
term “trauma.” Mental health professionals generally un
derstand trauma to signify an event associated with threat 
of harm or loss of life associated with extreme fear or hor
ror. Neurologists, neurosurgeons, and physiatrists typi
cally understand trauma to mean the result of destructive 
biomechanical forces acting on the brain or other parts of 
the body. Understanding and addressing the coalescence 
of neuropsychiatric sequelae of both of these types of 
trauma will require a coming together of these and other 
specialties in a truly interdisciplinary fashion. In an effort 
to be precise, we will use the modifiers “psychological” 
and “biomechanical” when appropriate to avoid confu
sion. We recognize that these are imperfect terms and im
ply an etiological connection that is still in question. 

Although we refer in this article to several civilian stud
ies, it is unclear to what extent the findings can be gener
alized to military personnel. Many combatants in the 
conflicts in Afghanistan and Iraq have seen multiple epi
sodes of wounding and death and have been exposed to 
multiple shock waves with the potential to cause TBI. Re
peated deployments add more opportunities for trauma 
and the worsening of TBI and PTSD. These military con
flicts also highlight an additional potential confounding 
factor: military populations often have high exposure 
rates to psychologically traumatic events experienced at 
time points unrelated to the TBI. In contrast, much of the 
civilian literature considers the issue of comorbid mild 
TBI and PTSD from a single event. Additional research is 
needed to understand the extent to which the recent mil
itary literature on mild TBI and PTSD comorbidity can be 
considered to reflect the joint effects of a single exposure 
(which, arguably, can have emotionally and biomechani
cally traumatic aspects) as opposed to cumulative or 
massed effects of distinct emotional and biomechanical 
trauma exposures. 

Epidemiology and Co-Occurrence of 
PTSD and Mild TBI 

Approximately 7.7 million Americans suffer from PTSD, 
according to recent population-based survey research 
(16). The most common causes of PTSD in the civilian sec
tor are motor vehicle crashes and assaults (including do
mestic violence and rape), with women approximately 
twice as likely as men to suffer from PTSD (17). Surveys of 
military personnel returning from deployments to Iraq 
and Afghanistan find prevalence rates of PTSD ranging 
from 8% to 16% (18, 19); it is likely that these rates are un
derestimates, given the many barriers to reporting mental 
health problems in the military (20). Approximately 15% of 
these veterans seeking care at Veterans Administration 

hospitals in the United States have been given a diagnosis 
of PTSD (21). 

An estimated 1.5 million brain injuries occur every year 
in the United States, and over 5 million Americans (2% of 
the population) live with disabilities resulting from TBI 
(22). In the civilian sector, the leading causes of TBI are 
falls, motor vehicle crashes, struck-by-or-against events, 
and assaults (22). Interestingly, motor vehicle crashes and 
assaults are also two of the most common causes of PTSD 
in the U.S. civilian population (17, 23), highlighting the 
overlap in exposures to TBI- and PTSD-causative events. 
In the U.S. military, TBI is the most common type of phys
ical injury sustained by combatants in Afghanistan and 
Iraq, and explosion or blast injury is the most common 
cause (2). In a 2006 survey of more than 2,500 recently re
turned army infantry soldiers, 5% reported injuries with 
loss of consciousness during a yearlong deployment to 
Iraq, and 10% reported injuries with altered mental status 
(14). A recent RAND report (1) suggested even higher rates 
(19%) of probable TBI in a 2007 telephone survey of al
most 2,000 previously deployed service personnel. A simi
larly high rate (23%) of clinician-confirmed TBI history in 
a U.S. Army brigade combat team with at least one deploy
ment corroborates these findings (24). 

Although our focus in this article is on PTSD and mild 
TBI, it is important clinically to recognize that both disor
ders are associated with higher rates of other psychologi
cal health problems, including depression (5, 25), sub
stance abuse (26, 27), and suicidal behavior in both 
civilian (20, 28) and military populations (29, 30). Further
more, the presence of these comorbid conditions may 
have an impact on conventional treatments (4), lending 
additional impetus to the need to understand these inter
actions more completely. 

The Military Experience in Afghanistan 
and Iraq 

Mild TBI (also known as concussion) is characterized 
by an alteration in the level of consciousness or loss of 
consciousness for up to 30 minutes, although definitions 
vary (31, 32). Two recent studies highlight the relationship 
between PTSD and mild TBI in military samples. The 
aforementioned study of TBI in U.S. soldiers returning 
from the Iraq war (14) found that 44% of those who re
ported loss of consciousness met criteria for PTSD, com
pared with 27% of those who reported altered mental sta
tus, 16% of those with other injuries, and 9% of those with 
no injury. Remarkably, the investigators found that all ob
served variance in physical health outcomes and symp
toms (with the exception of headache) could be ac
counted for by the presence of PTSD and/or depression. 
Data were collected 3–4 months after deployment and 
thus reflect persistent symptoms. In a study using some
what different methods of evaluation (15), investigators 
found that 12% of a cohort of more than 2,200 veterans re-
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PTSD AND MILD TBI 

FIGURE 1. Interface of PTSD and Persistent Postconcussive 
Symptoms (PPCS) Following Mild TBI That Involves Bio
mechanical Force to the Brain With Loss of Consciousness, 
Amnesia, and/or Altered Mental State 

• Headache 
• Sensitivity to light 
(and sound) 

• Memory deficit 
• Dizziness 

• Reexperiencing 
symptoms 

• Shame 
• Guilt 

PTSD PPCS 

• Depression/ 
anxiety 

• Insomnia 
• Irritability/anger 
• Trouble 
concentrating 

• Fatigue 
• Hyperarousal 
• Avoidance 

turning from Afghanistan and Iraq reported a history con
sistent with mild TBI, and 11% had probable PTSD. Com
bat-incurred mild TBI approximately doubled the risk for 
PTSD, and, interestingly, the strongest factor associated 
with persistent postconcussive symptoms was PTSD. 
Even when overlapping symptoms (Figure 1) were re
moved from the PTSD score, the association between 
postconcussive and PTSD symptoms remained strong. 
Although a recently released Institute of Medicine report 
concluded that there was only limited or suggestive evi
dence of an association between PTSD and mild TBI in 
Gulf War military populations (5), these and other data 
have led to the labeling of PTSD and TBI as signature inju
ries of Operation Enduring Freedom and Operation Iraqi 
Freedom and have forced a reconsideration of the rela
tionship between these two disorders. 

Overlap in Symptom Profiles 

A common clinical presentation in returning service 
members is a mixture of symptoms that, using current no
menclature, would be classified as either PTSD or persis
tent sequelae of mild TBI (i.e., persistent postconcussive 
symptoms), or both. During World War I, the term “shell 
shock” might have been applied, referring to a syndrome 
that featured fatigue, indecision, and irritability among its 
symptoms (33). In this regard, it could be argued that the 
current (DSM-IV) diagnostic criteria for PTSD fail to ade
quately capture the range and configuration of symptoms 
attributable to 21st-century military combat and that a re
turn to criteria that incorporate postconcussive symp
toms would render moot any dialogue about PTSD and 
mild TBI comorbidity. In fact, there is an affinity in today’s 
U.S. military to eschew use of the term “PTSD” in favor of 
the term “combat stress reaction.” The use of this term has 
the dual advantage of incorporating some of the more 
mild TBI-like symptoms and of being potentially less stig

matizing. It remains to be seen to what extent “combat 
stress reaction” gains a foothold in the mental health no
menclature, including DSM-V. A recent Institute of Medi
cine report (3) concluded that there was good evidence in 
support of the construct validity and diagnostic criteria for 
PTSD, although most experts agree that there is room for 
improvement (34, 35). In the interim, a careful examina
tion of the temporal, symptomatic, and preexisting risk 
factors that might underlie the frequent conjunction of 
PTSD and mild TBI is in order. 

Trajectory of Development and 
Temporal Antecedents 

Consideration of the time interval from the putative 
event (biomechanical or psychological) to the point of as
sessment is critical in the diagnosis of mild TBI and/or 
PTSD. The diagnosis of mild TBI is based on the reporting 
of symptoms that occur at the time of the event (i.e., al
tered level or loss of consciousness at the time of applica
tion of biomechanical force). In a similar vein, PTSD re
quires exposure to an event to which the individual 
responds with extreme fear, helplessness, or horror—the 
A2 criterion (which, it should be noted, has been criticized 
as superfluous for diagnosis [36, 37]). In both instances, 
this reporting is often retrospective, sometimes months or 
even years after the event. Thus, although exposure to a 
sufficient (and it is quite unclear what is sufficient) biome
chanical or psychological trauma is paramount for diag
nosis of both these disorders, the exposure itself is rarely 
documented, raising serious questions about the reliabil
ity of recall. 

Perhaps even more worrisome is the circularity inherent 
in diagnosis. If an individual has symptoms that might 
have resulted from a qualifying exposure, then it may be 
assumed that the exposure did indeed occur. Taken to its 
extreme, this line of reasoning has historically led to “epi
demics” of falsely remembered childhood sexual or ritual 
abuse among individuals with emotional problems. It re
mains to be seen whether veterans of the current conflicts 
will be assumed to have sustained a TBI if they experience 
cognitive symptoms following their military experiences. 
But considerable data suggest that this assumption would 
be erroneous. 

Most individuals who suffer a mild TBI have resolution 
of any anterograde amnesia within 24 hours. Some may 
note lingering symptoms, such as headache, disequilib
rium, cognitive slowing, fatigue, and irritability (for re
views, see references 38, 39), which remit over the subse
quent days to weeks. But a minority of individuals, usually 
thought to be about 10%–15% of those with a mild TBI, 
will experience chronic, persistent symptoms 1 year or 
more following injury; this is often referred to as the (per
sistent) postconcussive syndrome. The use of this term sug
gests a consistency of clinical presentation and, more im
portant, an etiology that is not readily supported by the 
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STEIN AND MCALLISTER 

literature. A more accurate view may be that in some 
cases, symptoms that commonly result from injury to 
brain regions vulnerable to biomechanical forces associ
ated with mild TBI persist and can become chronic. But a 
large body of empirical research also shows that some of 
these symptoms may occur following other types of emo
tional injury or physical injury to areas other than the 
head (40). A recent study of military personnel from the 
United Kingdom who were deployed to Iraq found that al
though symptoms often associated with a concussion 
were common in deployed service personnel, they were as 
likely to be associated with in-theater experiences that did 
not involve biomechanical force to the head (e.g., expo
sure to depleted uranium; aiding the wounded) as they 
were to blast exposure (41). 

These data clearly indicate the nonspecific nature of 
postconcussive symptoms, a point that has been made in 
the civilian literature for years (42). Moreover, they point 
to an etiological fallacy that impugns serious discussion 
about the relationship between PTSD and mild TBI: the 
fallacy is that the former is caused by psychological injury 
to the psyche and the latter by biomechanical injury to 
the brain. But the literature clearly shows that either per
sistent postconcussive symptoms (i.e., the failure to re
cover from acute mild TBI symptoms) or PTSD—and 
other psychological health problems, such as major de
pression and alcohol abuse—can occur following either 
emotional or physical trauma (which may or may not 
involve injury to the brain [43]). Unclear at present is 
whether particular characteristics of the exposure or of 
the individual determine which set of symptoms will pre
dominate and persist. 

Risk Factors for Persistent Symptoms 

It has been long held in the civilian literature that one 
predictor of persistent symptoms following mild TBI (i.e., 
postconcussive symptoms) is the development of psychi
atric disorders such as depression and PTSD (39). This, of 
course, raises the question of whether the persistent 
symptoms are better attributed to the remote mild TBI 
with failure to resolve, to comorbid conditions such as 
PTSD and depression, or to a combination of these factors. 
It also raises the question of why there is an increased rate 
of psychiatric disorders in individuals who have sustained 
a TBI (14, 44, 45). 

There are parallels found in the response to psychologi
cal trauma. Acute stress disorder is similar to mild TBI in 
the way it is configured and diagnosed, in that the diagno
sis depends on symptoms that are to have occurred imme
diately or shortly after the psychological trauma. The diag
nosis of PTSD, however, is in large part based on symptoms 
that fail to resolve at some time point distal to the psycho
logical trauma. As shown in Figure 1, there is such marked 
definitional overlap between PTSD and postconcussive 
symptoms that it goes without saying that many persons 

who sustain a brain injury will have symptoms of both. Ac
curate attribution of causality, however, requires knowl
edge of the typical trajectory of recovery after mild TBI and 
knowledge of other confounding factors. Interestingly, 
since mild TBI is almost always associated with pain at the 
time of injury (as well as chronic pain later) (46), and since 
pain at the time of injury is a risk factor for developing 
PTSD (47), this would further serve to heighten the likeli
hood of the co-occurrence of both disorders. It is also 
worth noting that if the diagnostic criteria for PTSD are 
simplified in DSM-V to address critiques about its awk
ward construction and relatively poor utility for identifying 
persons with impairment following trauma (48, 49), the 
apparent comorbidity between mild TBI and PTSD may be 
even further accentuated. 

Neuropsychological Dysfunction 

Although the role of psychological and emotional fac
tors—within and beyond the best-studied domains of 
PTSD and depression—in failure to recover from pre
sumed mild TBI is being increasingly acknowledged, this 
by no means excludes an important role for neurological 
injury. Researchers have suggested that mild TBI may di
minish the capacity to employ cognitive resources that 
would normally be engaged in problem-solving and regu
lating emotions after trauma, thereby leaving an individ
ual more susceptible to PTSD and related problems (50) 
(Figure 2). 

The role of cognitive and emotional information process
ing in the genesis of symptoms in both PTSD and persistent 
sequelae of mild TBI is worth commenting on. Both biome
chanical and psychological trauma can result in impaired 
information processing. Most individuals who suffer a mild 
TBI have acute cognitive effects, and a significant number 
(estimated to be 10%–15% of all those injured) have persis
tent cognitive and behavioral complaints. Several areas of 
cognitive impairment are frequently reported, including 
working and short-term memory, speed of information pro
cessing, attention, and executive function (5). Numerous 
(though by no means all) studies have found evidence of 
neuropsychological impairment in persons with PTSD (51). 
But many such studies almost certainly failed to inquire suf
ficiently about the possibility of mild TBI (52), making inter
pretation of this literature subject to conjecture. In addition, 
there is an appreciation that there can be cognitive effects of 
deployment to a theater of operations apart from exposure 
to mild TBI or development of PTSD (53). 

Cognitive Dysfunction: Risk Factor or 
Consequence? 

There is a confluence of data in PTSD (but surprisingly 
little data in mild TBI [54]) showing that IQ prior to trauma 
exposure is inversely associated with risk for subsequent 
PTSD and related psychological health problems. Kremen 
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PTSD AND MILD TBI 

FIGURE 2. Relationship of Brain Regions Implicated in PTSD to Regions Vulnerable to TBIa 
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a Several brain regions have been consistently implicated in PTSD (green) including the amygdala, the hippocampus, the orbitofrontal cortex, 
and the dorsolateral and dorsomedial prefrontal cortex. Several brain regions are vulnerable to the typical biomechanical forces associated 
with TBI (red), including the orbitofrontal cortex, the dorsolateral prefrontal cortex, the temporal pole, and the hippocampus. Overlap areas 
(blue) include the orbitofrontal cortex, the dorsolateral prefrontal cortex, and the hippocampus. In addition, tracts connecting the amyg
dala and the medial prefrontal cortex course through the subfrontal white matter and are thus vulnerable to disruption by TBI. BA=Brod
mann’s area. 

et al. (55) found that preenlistment cognitive ability (as 
measured by the Armed Forces Qualifying Test) in Viet
nam veterans showed a dose-response relationship with 
risk for PTSD; those in the highest quartile of cognitive 
ability had a 48% lower risk than those in the lowest quar
tile). Similarly, in a study of male Vietnam veterans, Gale et 
al. (56) found that a one-standard-deviation decrease in 
cognitive ability was associated with a 39% increase in risk 
of prospectively ascertained PTSD. These findings also ex
tend to nonmilitary samples. In a prospective longitudinal 
study of Michigan youths, Breslau et al. (57) found that 
higher IQ at age 6 was associated with a substantially re
duced risk (odds ratio 0.2, 95% confidence interval 0.1– 
0.9) of developing PTSD after trauma exposure. Similarly, 
in a prospective study of a New Zealand birth cohort, 
Koenen et al. (58) found that low IQ at age 5 was a signifi
cant predictor of risk for PTSD through age 32. These data 
are consistent with a “cognitive reserve” hypothesis of 
neuropsychiatric disorders, namely, that individual differ
ences in brain structure and function can buffer the effects 
of neuropathology—which seems to hold true for a variety 
of mental disorders (59). It is not at all unreasonable to ex
pect that lower cognitive reserve, whether congenital or 
acquired (e.g., via mild TBI), would increase risk for ad
verse mental health outcomes and, more broadly, func

tional outcomes. A brief discussion of the neural systems 
thought to be involved in the pathophysiology of PTSD 
and mild TBI can further sharpen this dialectic by pointing 
to particular brain regions that might be affected. 

Neuroimaging Studies 

PTSD 

Numerous functional imaging studies point to overac
tivity of the amygdala and insular cortex as integral to 
most cases of PTSD (60–63). Another well-replicated find
ing in PTSD is the underactivity of cortical regions, such as 
the anterior cingulate and other parts of the ventromedial 
prefrontal cortex thought to regulate the expression of fear 
by limbic regions (60, 61, 64). It is possible that preexisting 
volumetric abnormalities in some of these regions (e.g., 
the pregenual anterior cingulate and the insular cortex) 
may constitute risk factors for the development of PTSD 
following trauma exposure (65). 

With these data in mind, it should be possible to make 
neuroanatomically specific hypotheses about the risk of 
PTSD depending on the location of brain lesions. But this 
is where the extant theory falls short of the (relatively few) 
studies that have attempted to test such hypotheses. The 
most problematic of these is a recent report from the Viet
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STEIN AND MCALLISTER 

nam Head Injury Study in which PTSD symptoms were 
studied in a sample of 193 Vietnam War veterans who suf
fered penetrating brain injuries and emotionally trau
matic events (66). Sixty-two patients met DSM-IV criteria 
for PTSD according to a structured diagnostic interview, 
and 131 did not. The investigators categorized patients 
into three groups based on locus of injury: amygdala, ven
tromedial prefrontal cortex, and nonamygdala/non-ven
tromedial prefrontal cortex groups; the three groups were 
comparable on several other PTSD risk factors (combat 
exposure severity, length of time served in Vietnam, and 
Armed Forces Qualifying Test scores). Based on the litera
ture described above, the investigators hypothesized that 
lesions to the amygdala would reduce risk of PTSD and le
sions to the ventromedial prefrontal cortex would increase 
risk of PTSD. They found, consistent with their hypothesis, 
that veterans with amygdala damage were significantly 
less likely to develop PTSD than veterans with damage to 
other parts of the brain. But ventromedial prefrontal corti
cal lesions were associated with a reduced likelihood of 
PTSD (as well as with a reduced risk of major depression 
[67])—a finding clearly contrary to their hypothesis. The 
investigators concluded that amygdala-ventromedial pre-
frontal cortical circuitry seems important in the patho
genesis of PTSD but that more research is needed to 
understand the nature of the interaction of the two struc
tures in the genesis and maintenance of PTSD (66). We 
would also point out that whereas that particular study fo
cused on focal (penetrating) lesions, diffuse injury to con
nective, integrative white matter tracts seems to be the 
modal form of damage in most blast-related (military) and 
concussive (civilian) mild TBI. For the purposes of our dis
cussion here, we must acknowledge the inadequacy of 
current neural systems models of PTSD to accommodate 
these new data and to explain the extensive comorbidity 
seen between PTSD and mild TBI. 

Mild TBI 

MRI-based structural techniques, such as diffusion ten
sor imaging (68) and voxel-based morphometry (69), and 
functional imaging techniques, such as positron emission 
tomography (70) and functional MRI (71), have been used 
to study the mechanism of neurobehavioral complaints 
persisting beyond the usual recovery trajectory (for a re
view, see reference 72). Although the conclusions that can 
be drawn from these studies are limited by several meth
odological issues, this literature does suggest that brain re
gions vulnerable to the impact and inertial biomechanical 
forces associated with TBI show higher rates of both struc
tural and functional abnormalities (72). Of particular in
terest is the observation that the orbital prefrontal cortex 
and related circuitry (subcortical white matter, basal gan
glia, and thalamus) are particularly vulnerable to biome
chanical forces commonly associated with TBI (32), which 
probably accounts for the prevalence of executive deficits 
after TBI and contributes to the high rates of emotional 

and neurobehavioral dysregulation (e.g., depression and 
PTSD) after injury. Much work, however, remains to be 
done to clarify the clinical and functional significance of 
altered structure and function. Careful assessment of in
jury type and severity, premorbid history of cerebral in
sults (e.g., repetitive concussions), comorbid conditions 
(depression, PTSD, substance abuse, and so on), and as
sessment intervals will be critical. 

Future Directions 

To advance our understanding of PTSD and mild TBI 
and their interaction, it will be critical for investigators to 
attend to both “disorders” when designing and imple
menting research studies. Because knowledge in these ar
eas is distributed across numerous domains of expertise 
(psychiatry, neuropsychology, neurology, neurosurgery, 
and physical medicine and rehabilitation, to name just a 
few), interdisciplinary research teams will be required and 
funding mechanisms that support this type of “team sci
ence” will be needed. 

When these interdisciplinary teams coalesce, their first 
task will be to operationalize definitions and constructs 
such that a common “language” is established. In con
junction with this effort, better methods will have to be 
developed to verify the actual occurrence of TBI (73). 
Their next task will be to design studies of brain-injured 
patients that cover a comprehensive set of risk factors and 
outcomes. Ideal designs would be prospective, following 
individuals from the time of injury (or earlier, if popula
tions sufficiently at risk for head injury can be engaged in 
research) to 12 or 24 months, or longer, into the future. 
Outcome measures should be symptomatic and func
tional and should be combined with imaging and psycho-
physiologic tools that have the potential to reveal similari
ties and differences in brain structure and function that 
may discriminate PTSD and persistent symptoms follow
ing mild TBI. 

One of the most promising tools in this regard is diffu
sion tensor imaging. This technique permits the tracing of 
fiber tracts and the quantification of disturbance in their 
anisotropy, thereby providing a putative biomarker of 
white matter tract damage (74). There have been several 
studies using diffusion tensor imaging in PTSD or mild 
TBI (75–77), but they have been small and none has yet in
cluded samples and measures sufficient to determine the 
utility of the technique for differentiating these syn
dromes. This will be a priority for future research, as will 
the design and implementation of studies capable of 
spanning the full array of “combat stress reaction” symp
toms as possible outcome measures. 

As we await the completion of studies that illuminate 
the pathophysiology of these disorders and their intersec
tion, what can we do to advance clinical therapeutics in 
persons with combined mild TBI and PTSD? One ap
proach would be to capitalize on the recognition that 
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much distress and dysfunction in persons with persistent 
postconcussive symptoms is attributable to emotional 
disorders such as PTSD and major depression and to em
pirically test the application of evidence-based therapies 
(e.g., appropriate antidepressants and cognitive-behav
ioral therapies) for these conditions in such individuals. 
Another approach would be to design clinical trials using 
available therapeutics aimed at ameliorating common do
mains of dysfunction (e.g., stimulants for attentional 
problems, hypnotics for insomnia, and anticonvulsants 
for mood dysregulation), taking into consideration the 
possible pitfalls of such approaches (e.g., risk of substance 
abuse and dependence with stimulants or hypnotics). 

Over time, these lines of research will converge to raise 
the inevitable question “Are there different etiologies for 
PTSD?” Is PTSD that is caused by the emotional trauma of 
being held up at gunpoint the same as PTSD caused by a 
car bomb that renders the victim unconscious for 10 min
utes? Can our conceptual models accommodate the exist
ence of a disorder that can be caused by psychological 
and/or physical injury? It may be that research leads us to 
conclude that injury to the brain resulting from psycho
logical and physical “stress” involves a common set of 
pathophysiological (e.g., excitotoxic, such as glutamater
gic [78]) culprits and that therapies that target neurogene
sis in damaged regions will prove beneficial (79). But it is 
just as likely that we will learn that PTSD associated with 
mild TBI is a unique form of illness (harkening back to the 
World War I concept of “shell shock” or its more modern 
incarnation, “combat stress reaction”) that will continue 
to challenge our conceptualizations of psyche and soma, 
and of brain and mind. 
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