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Abstract
Post-traumatic stress disorder (PTSD) is characterized by recurrent distressing memories of an
emotionally traumatic event. In this review, we present neuroscientific data highlighting the function
of two brain areas—the amygdala and ventromedial prefrontal cortex (vmPFC)—in PTSD and
related emotional processes. A convergent body of human and non-human studies suggests that the
amygdala mediates the acquisition and expression of conditioned fear and the enhancement of
emotional memory, whereas the vmPFC mediates the extinction of conditioned fear and the volitional
regulation of negative emotion. It has been theorized that the vmPFC exerts inhibition on the
amygdala, and that a defect in this inhibition could account for the symptoms of PTSD. This theory
is supported by functional imaging studies of PTSD patients, who exhibit hypoactivity in vmPFC
but hyperactivity in amygdala. A recent study of brain-injured and trauma-exposed combat veterans
confirms that amygdala damage reduces the likelihood of developing PTSD. But contrary to the
prediction of the top-down inhibition model, vmPFC damage also reduces the likelihood of
developing PTSD. The putative roles of amygdala and vmPFC in the pathophysiology of PTSD, as
well as implications for potential treatments, are discussed in light of these results.

Post-traumatic stress disorder (PTSD) is an anxiety disorder that can develop following
exposure to a traumatic event. Events precipitating PTSD include terrifying or life-threatening
ordeals such as military combat, traffic accidents, rape, assault, or natural disasters. PTSD is
characterized by three clusters of symptoms: 1) re-experience (e.g. flashbacks or nightmares
of the traumatic event); 2) emotional numbing and avoidance (e.g. loss of interest, feelings of
detachment, avoiding reminders of the traumatic event); and 3) hyperarousal (e.g. excessive
vigilance, exaggerated startle) (American Psychiatric Association 2000). Over half the U.S.
population has experienced a serious traumatic event, and around 1 in 12 has suffered from
PTSD at some point in their lifetime (Kessler and others 1995; Stein and others 2000). Of those
afflicted with PTSD, more than a third fail to recover even after many years (Kessler and others
1995). A deeper understanding of the neurobiological basis of PTSD may explain individual
differences in susceptibility to the disorder and aid in the development of more effective
treatments. In this review, we describe neuroscientific evidence that implicates two areas of
the brain—the amygdala and medial prefrontal cortex—in the pathophysiology of PTSD.

Before delving into the function of each of these brain areas, we will first provide some
background on their structural anatomy. The amygdala is a subcortical collection of nuclei
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within the anterior temporal lobe of each hemisphere (Figure 1). The amygdala projects to
brainstem and hypothalamic regions that execute the physiological, autonomic, and
musculoskeletal components of an emotional response (LeDoux and others 1988). The medial
prefrontal cortex (mPFC) refers to the medial wall of the anterior frontal lobes. There are dense
white matter connections between the ventral region of mPFC (vmPFC) (Figure 2) and
amygdala, facilitating bidirectional communication between these areas (Aggleton and others
1980;Stefanacci and Amaral 2002).

A wealth of neuroscientific data supports the assertion that vmPFC exerts inhibitory control
over the amygdala, and that this vmPFC-mediated inhibition of the amygdala is critically
involved in the pathogenesis of PTSD. Although the empirical support is detailed in the
following the sections, we first provide a brief overview here. The model's underlying
supposition is that amygdala activity plays a causal role in the experience of negative affect
such as fear, anxiety, and distress. In healthy brains, amygdala activity is thought to be
dampened via top-down inhibition by vmPFC, yielding a reduction in subjective distress.
However, in PTSD (the model holds), a defect in mPFC function impairs the amygdala
inhibition, resulting in unchecked amygdala activity and pathological distress (Milad and
others 2006; Rauch and others 2006; Shin and others 2006). Support for this model has been
derived through a variety of experimental approaches.

Fear conditioning and extinction
Fear conditioning is a widespread and longstanding experimental paradigm for investigating
the neural circuitry involved in processing fear in humans as well as non-human animals. In a
typical fear-conditioning paradigm (Figure 3), a neutral event such as a tone (the conditioned
stimulus, or CS) is paired with an aversive event, such as a shock (the unconditioned stimulus,
or US), which normally elicits a measurable fear response such as freezing, startle, or
autonomic/neuroendocrine changes (the unconditioned response, or UR). After several
pairings of the tone and shock, the presentation of the tone itself leads to the fear response (the
conditioned response, or CR). Extinction occurs when a CS is presented alone, without the US,
for a number of trials and eventually the CR is diminished or eliminated. The recall of extinction
can be assessed with re-exposure to the CS after a subsequent delay. Given the ostensible
similarity between conditioned fear and PTSD symptomotology (in both cases the
circumstances related to a previous threat are sufficient to induce a fear-related response),
researchers have conceptualized PTSD as a defect in the extinction of conditioned fear (Hamner
and others 1999;Milad and others 2006;Rauch and others 2006). Animal and human studies
converge to implicate the amygdala and mPFC as the core neural substrates for the acquisition
and extinction of conditioned fear.

Non-human research
Animal data demonstrating the importance of the amygdala in the acquisition and expression
of conditioned fear is well chronicled (Davis 2000; LeDoux 2000). In brief, rodent studies
employing a range of techniques (electrical stimulation, lesion/ablation, electrophysiological
recording, and pharmacological manipulation) reveal that the central nucleus of the amygdala
mediates the physiological and behavioral expression of conditioned fear (e.g. endocrine
responses, freezing, and startle), while the basolateral nucleus of the amygdala mediates the
acquisition (learning) of the conditioned response. Several lines of evidence demonstrate that
vmPFC is critically involved in the extinction of the CR. Early primate studies and subsequent
rodent studies show that vmPFC lesions impair extinction of the CR (Butter and others 1963;
Morgan and LeDoux 1995; Morgan and others 1993), particularly the recall of extinction after
a long delay (Lebron and others 2004; Quirk and others 2000). Neurophysiological recordings
from rodents indicate that the mPFC neurons signal extinction recall (Milad and Quirk 2002)
and that mPFC stimulation decreases the responsiveness of amygdala neurons (Quirk and
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others 2003; Rosenkranz and others 2003), suggesting the mPFC mediates CR extinction
through inhibition of the amygdala.

Human research
Human data on fear conditioning corroborate the conclusions from the animal research.
Neurological patients with focal brain lesions involving the amygdala exhibit impairment in
the acquisition of conditioned fear responses (Bechara and others 1995; LaBar and others
1995), while fMRI studies associate amygdala activity with conditioned fear responses (Knight
and others 2005; LaBar and others 1998; Phelps and others 2004) and vmPFC activity with
their extinction (Phelps and others 2004). Furthermore, human vmPFC thickness is correlated
with the retention of extinction in healthy adults (Milad and others 2005; Rauch and others
2005). Together, the human and non-human fear conditioning data strongly implicate vmPFC-
mediated inhibition of the amygdala as the neural mechanism for the extinction of conditioned
fear. If PTSD symptomotology is related to a defect in fear extinction processes, as has been
proposed (Hamner and others 1999; Milad and others 2006; Rauch and others 2006), there is
strong reason to suspect dysfunction in the vmPFC-amygdala circuit as the underlying cause.

Emotion regulation
The volitional control of negative emotion is another affective function that is germane to
PTSD, and one in which vmPFC and amygdala again play prominent roles. Human functional
imaging studies have employed paradigms in which subjects are instructed to reappraise
upsetting or anxiety-provoking stimuli in order to reduce the intensity of negative affect. A
subset of such studies have found that the volitional suppression of negative emotion in healthy
adults is associated with an inverse relationship between vmPFC and amygdala activity
(Delgado and others 2008; Johnstone and others 2007; Urry and others 2006). That is, during
emotion regulation, an increase in vmPFC activity is associated with a decrease in amygdala
activity as well as a decrease in the experience of negative affect. Furthermore, this normative
vmPFC-amygdala inverse coupling during emotion regulation is disrupted in patients with
major depressive disorder (Johnstone and others 2007), which is characterized by
pathologically high levels of negative affect.

It is noteworthy that the inverse coupling between vmPFC and amygdala activity during
volitional emotion regulation (unique to humans) bears remarkable resemblance to the inverse
coupling between vmPFC and amygdala activity during the extinction of conditioned fear
(across species) (Delgado and others 2008). These convergent results lend compelling support
to a neurocircuitry model in which vmPFC diminishes negative emotion through top-down
inhibition of the amygdala. For the remainder of the article, we turn to the question of whether
this mPFC-amgydala circuit may be a critical neural substrate in the pathophysiology of PTSD.

Functional imaging studies of PTSD
Functional imaging techniques have the capability of localizing differences in brain function
between healthy individuals and those with a particular mental illness. Researchers have used
this approach to identify areas of PTSD patients’ brains that exhibit abnormally high or low
levels of activity during exposure to trauma-related stimuli. Several such studies report
diminished activation within mPFC (Bremner and others 1999a; Bremner and others 1999b;
Shin and others 2004), but elevated activation in the amygdala (Driessen and others 2004;
Hendler and others 2003; Liberzon and others 1999; Shin and others 2004). A recent meta-
analysis of fifteen functional imaging studies investigating negative emotion processing in
PTSD patients demonstrates significant hypoactivation within vmPFC but significant
hyperactivation of the amygdala (Etkin and Wager 2007). Coupled with the aforementioned
data from fear conditioning and emotion regulation studies, the PTSD neuroimaging data
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support a model of PTSD pathogenesis which proposes two key elements: 1) the emotional
distress characterizing PTSD arises from hyperactivity in the amygdala, and 2) the amygdala
hyperactivity is caused by defective inhibition from a hypoactive vmPFC (Milad and others
2006; Rauch and others 2006; Shin and others 2006).

Despite the compelling empirical support for this model of PTSD pathophysiology, there are
strong reasons to seek additional corroborative evidence. Whereas conditioned fear can be
measured across species with relatively simple autonomic or behavioral responses that may
even occur non-consciously in humans (Bechara and others 1995; Ohman and Soares 1998),
PTSD is a uniquely human disorder that involves explicit re-experience of the traumatic event,
subjective distress, and complex emotions such as guilt and social detachment. Thus, it is fair
to say that fear conditioning is an informative but ultimately insufficient experimental model
for PTSD. Likewise, the emotion regulation studies described above do not begin to
approximate the extreme negative affect and behavioral changes that characterize PTSD. So
despite the theoretical connections among PTSD, conditioned fear, and emotion regulation,
the substantial differences between PTSD and fear conditioning/emotion regulation paradigms
make the direct study of PTSD in humans an indispensible means for revealing the
neuropathological basis of the disorder. In this regard, human functional imaging studies of
PTSD patients have provided key evidence. However, functional imaging data, which is
correlative by nature, is not sufficient evidence for a definitive attribution of causation. In other
words, functional imaging studies can associate PTSD with abnormal activity in certain brain
areas, but they cannot determine whether the abnormal activity actually reflects the underlying
cause of the disorder (Table 1) (Pitman 1997). In sum, these limitations on the aforementioned
research warrant complementary data that directly address the causal relationship between
brain function and PTSD.

Lesion study of PTSD
The lesion method is a unique and powerful means of determining the importance of a particular
brain area for a particular function. The lesion method refers to an approach whereby a focal
area of brain damage is associated with the development of a defect in some aspect of cognition
or behavior, and then an inference is made that the damaged brain region is a critical part of
the neural substrate for the impaired function. That is, unlike functional imaging data, lesion
data reveal causality—damage to a particular brain area causes a change in a particular
function. In principle, lesion studies could elucidate the causal contribution of vmPFC and
amygdala to PTSD by determining if damage to these brain areas changes the likelihood of
developing PTSD. However, in an illness such as PTSD that is not amenable to animal lesion
studies, this requires the standardized clinical evaluation of a large group of people who
suffered the unlikely coincidence of a localizable focal brain lesion as well as emotionally
traumatic events. In addition, the lesions would need to adequately sample various areas of the
brain, including the vmPFC and amygdala. This unique resource is in fact available in the
Vietnam Head Injury Study (VHIS) (Koenigs and others 2008b; Raymont and others 2008).

The VHIS (Phase 3) includes 193 Vietnam veterans with lesions distributed throughout the
brain (as a result of penetrating head injuries sustained during combat) and 52 veterans with
combat exposure but no brain injury. During the last several years, each of these 245 individuals
has been evaluated for PTSD using the Structured Clinical Interview for DSM-IV-TR Axis I
disorders, Non-Patient edition (SCID-N/P) (First 2002). In addition, all brain-injured VHIS
veterans have undergone a CT scan, allowing the accurate determination of lesion location.
Thus each veteran could be classified as either having developed PTSD at some point in their
lifetime (PTSD-positive) or having never developed PTSD (PTSD-negative). In a recent study
of these VHIS patients (Koenigs and others 2008b), we sought to test the two main predictions
of the conventional mPFC-amygdala model of PTSD pathogenesis. Specifically, if PTSD
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symptomotology is caused by amygdala hyperactivity due to defective inhibition by vmPFC,
then veterans with amygdala damage will have a lower-than-normal likelihood of developing
PTSD, whereas veterans with vmPFC damage (but intact amygdala) will have a greater-than-
normal likelihood of developing PTSD.

PTSD prevalence following vmPFC or amygdala damage
To test these hypotheses directly, we divided the VHIS participants into four groups based on
lesion location: 1) significant damage to vmPFC in either hemisphere (vmPFC lesion group;
n=40; Figure 4), 2) damage to amygdala in either hemisphere (amygdala lesion group; n=15;
Figure 5), 3) damage not involving vmPFC or amygdala (non-vmPFC /non-amygdala lesion
group; n=133), and 4) no brain damage (non-brain damaged group; n=52). Brain-injured groups
did not significantly differ from each other on basic demographic variables (age, race, sex, and
education) nor did they differ in combat exposure, tour duration, or intellectual decline
following brain injury, thereby ruling out a host of variables as potential explanations for
differences in PTSD occurrence among the groups of brain-injured veterans.

The prevalence of PTSD in the non-brain damaged group (48%) and the non-vmPFC/non-
amygdala lesion group (40%) was similar to published estimates of PTSD prevalence among
Vietnam veterans exposed to intense combat (Dohrenwend and others 2006). Remarkably,
none of the veterans in the amygdala lesion group (0%) developed PTSD. To rule out the
possibility that the absence of PTSD in the amygdala group was due to accompanying damage
in anterior temporal cortex or medial temporal lobe structures, rather than damage to the
amygdala per se, we selected from the non-vmPFC/non-amygdala group those veterans who
had anterior temporal and/or medial temporal lobe damage, but no amygdala damage (n=28)
(“temporal lobe comparison group”, Figure 5). The PTSD prevalence among these veterans
(32%) was significantly greater than the amygdala group, but not significantly different than
the non-brain damaged group or the rest of non-vmPFC/non-amygdala group. These data
confirm the prediction that the amygdala damage would result in a lower-than-normal
likelihood of developing PTSD, and thereby support the hypothesis that amygdala
hyperactivity plays a causal role in the pathophysiology of PTSD.

With regard to the other predicted result, we did not find that the prevalence of PTSD in the
vmPFC lesion group was greater-than-normal. To the contrary, PTSD prevalence in the vmPFC
lesion group (18%) was significantly lower than that of the non-brain damaged and the non-
vmPFC/non-amygdala lesion comparison groups. The markedly low levels of PTSD among
veterans vmPFC damage calls into question the veracity of a model in which defective vmPFC-
mediated inhibition is the basis of the amygdala hyperactivity in PTSD. If this were the case,
then vmPFC damage would presumably diminish the inhibition of the amygdala, resulting in
greater susceptibility to PTSD.

Discussion of the role of vmPFC in PTSD
The seemingly discrepant results between functional imaging studies of PTSD (which associate
PTSD with vmPFC hypoactivity) and our lesion study (which associates vmPFC damage with
resistance to PTSD) warrant further discussion. On one hand, the disparate findings highlight
the difference in inferential strength between functional imaging and lesion methods. As
illustrated in Table 1, the finding of vmPFC hypoactivity in functional imaging studies of PTSD
does not necessarily reflect a causal contribution to the disorder. It is entirely possible that the
vmPFC hypoactivity observed in PTSD develops as a consequence of chronic distress
associated with PTSD, or perhaps as a downstream effect of primary dysfunction of the
amygdala. The latter possibility is supported by human functional imaging data demonstrating
abnormal vmPFC activity in patients with amygdala lesions (Hampton and others 2007). But
still, it is important to explain why vmPFC lesions result in decreased susceptibility to PTSD.
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In other words, if the key function of vmPFC (with respect to PTSD) is not inhibition of the
amygdala, then what is it? We propose that the causal role of vmPFC in PTSD may be related
to its function in self-insight and self-reflection. PTSD is characterized by the experience of
distress and anxiety associated with past autobiographical events. Thus a loss of self-insight
or self-reflection may diminish the core symptoms of the disorder. Multiple lines of evidence
support the plausibility of this interpretation. Previous studies of vmPFC lesion patients
document diminished self-insight and self-monitoring (Barrash and others 2000;Beer and
others 2006). In addition, vmPFC patients exhibit diminished levels of shame, guilt,
embarrassment, and regret (Beer and others 2006;Camille and others 2004;Koenigs and others
2007), all of which are emotions involving some element of self-awareness or self-reflection.
Furthermore, data from another recent study of ours (Koenigs and others 2008a) indicate that
vmPFC lesion patients experience normal levels of the “somatic” symptoms of depression (e.g.
fatigue and changes in appetite), but markedly diminished levels of the “cognitive/affective”
symptoms (e.g. self-dislike and guilt), which presumably involve a greater degree of self-
reflection and rumination. Taken together, these results hint that the function of vmPFC may
extend far beyond inhibition of the amygdala. Future studies will be needed to specify the
extent of vmPFC function, and its importance for mood and anxiety disorders such as PTSD.

Discussion of the role of amygdala in PTSD
Unlike the findings for vmPFC, the lesion results regarding the amygdala are precisely as
predicted from the functional imaging data, which associate PTSD with amygdala
hyperactivity. The finding that amygdala damage abolishes the development of PTSD among
combat veterans supports the assertion that amygdala hyperactivity plays a causal role in the
pathophysiology of PTSD. What is not entirely clear, however, is the neurocognitive or
neurobehavioral mechanism by which the amygdala mediates PTSD. As detailed above, ample
human and non-human data demonstrate that the amygdala is critically involved in the
expression of negative affect and emotion-related behavior, such as conditioned fear responses.
Thus one possibility is that amygdala damage could confer resistance to PTSD through the
diminished expression of fear- or anxiety-related responses. A second possibility is that the
amygdala could underlie PTSD by virtue of its role in the consolidation of emotional memories.
A robust literature indicates that emotionally arousing stimuli are generally better remembered
than emotionally neutral stimuli, and that the amgydala is responsible for this emotional
memory enhancement (McGaugh 2004). In some sense, PTSD can be conceived as a disorder
of extreme emotional memory enhancement, in which emotionally traumatic events are
consolidated and recalled to an excessive, pathological degree. Perhaps amygdala damage
impairs the obtrusive recall of emotionally traumatic events that defines the disorder. A third
possibility is that the amygdala's role in PTSD is related to its function in the detection and
evaluation of biologically relevant stimuli, such as threat (Sander and others 2003). It is
important to note that these proposed mechanisms are not mutually exclusive; amygdala
damage could confer resistance to PTSD through impairment in threat detection, fear
expression, and/or emotional memory enhancement.

Implications for treatment
Despite the incomplete understanding of PTSD pathophysiology, the research to date has
yielded important implications for the development of more effective treatments for PTSD.
The parallel observations of amygdala hyperactivity in PTSD (Etkin and Wager 2007) and lack
of PTSD in Vietnam vets with amygdala damage (Koenigs and others 2008b) suggest that a
selective deactivation of the amygdala may be an effective treatment strategy for PTSD. There
are several potential means for disrupting amygdala function. Perhaps the most drastic
approach would be surgical resection of one or both amygdala. Unilateral amygdalectomy is
a relatively common occurrence during anterior temporal lobe resections performed to treat

Koenigs and Grafman Page 6

Neuroscientist. Author manuscript; available in PMC 2009 November 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



pharmacologically intractable epilepsy. Cases of severe, intractable PTSD (which involve
extreme debilitation and suicidality) may warrant similarly aggressive treatment. However, the
hypothetical efficacy of this surgical approach is debatable; there are at least two documented
cases of PTSD developing in individuals who had undergone unilateral removal of the left
amygdala as part of treatment for epilepsy (Adami and others 2006; Smith and others 2008).
A more elegant (and reversible) approach would be deep brain stimulation (DBS), which
involves the surgical implantation of electrodes to manipulate neuronal activity. DBS is a
rapidly advancing technique that has been employed to treat a host of neurological and
psychiatric illnesses, including Parkinson's disease, depression, and obsessive-compulsive
disorder. In principle, electrodes implanted in or around one or both amygdala could effectively
inhibit amygdala output, and thereby diminish the experience of anxiety and distress. As a third
approach, recent advances in cellular and molecular neuroscience hold promise for the
development of amygdala-focused pharmacological treatments. For example, rodent research
indicates that inhibition of certain ion channels expressed preferentially in the amygdala
suppresses innate and conditioned fear and anxiety (Coryell and others 2007; Wemmie and
others 2003).

In addition, vmPFC may be an appropriate neuroanatomical target for PTSD treatments. Our
recent lesion studies indicate that vmPFC damage is associated with a conspicuous absence of
both PTSD (Koenigs and others 2008b) and depression (Koenigs and others 2008a). These
findings suggest that inhibition of vmPFC may diminish the subjective distress and negative
affect characterizing PTSD. Indeed, this proposal is consistent with outcomes of surgical
interventions used to treat affective disorders. Subcaudate tractotomy, a surgical procedure that
interrupts white matter tracts connecting the vmPFC to subcortical structures, has shown
efficacy in reducing symptoms of depression and anxiety (Cosgrove 2000; Shields and others
2008). Similarly, a pioneering DBS study reports antidepressant effects of inhibiting subgenual
PFC white matter (Mayberg and others 2005), which is adjacent to and interconnected with
vmPFC. Perhaps DBS-mediated inhibition of vmPFC could be an effective treatment for
PTSD.

Summary
In sum, the mPFC and amygdala are critical nodes in the neurocircuitry underlying emotion
processing, and play a fundamental role in the pathophysiology of PTSD. Neuroscientific
investigation into the functional interaction between these areas, as in fear conditioning and
emotion regulation paradigms, has yielded important insight into the neural mechanisms of
emotion-related behavior. Building on this framework, neuroscientific studies of PTSD have
underscored the importance of mPFC and amygdala in the development of the disorder, and
suggested avenues for more effective treatments. For PTSD, the translation of neuroscientific
study into clinical application appears close at hand.
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Figure 1.
Depiction of amygdala (in red) in a coronal slice.
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Figure 2.
Depiction of vmPFC (in red) in midline views of each hemisphere.

Koenigs and Grafman Page 12

Neuroscientist. Author manuscript; available in PMC 2009 November 2.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Fear conditioning and extinction. In a typical fear-conditioning paradigm, a neutral event such
as a blue light (the CS), which normally does not elicit a fear response, is paired with an aversive
event, such as a shock (the US), which normally does elicit a fear response (the UR). After
several pairings of the blue light and shock (conditioning phase), the presentation of the blue
light itself leads to a fear response (the CR). Extinction occurs when a CS is presented alone,
without the US, for a number of trials and eventually the CR is diminished or eliminated. The
recall of extinction can be assessed with re-exposure to the CS after a subsequent delay.
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Figure 4.
The color indicates the number of veterans in the vmPFC group (n=40) with damage to a given
voxel. The greatest lesion overlap (red) occurred in the anterior vmPFC bilaterally. Top row,
sagittal views of the vmPFC group lesion overlap. The left hemisphere (x=-8) is on the left and
the right hemisphere (x=6) is on the right. Middle row, coronal views of a healthy adult brain.
Slices are arranged with the anterior-most slice on the left (y=66; y=56; y=46; y=36;
respectively). Bottom row, coronal views of the vmPFC group lesion overlap, corresponding
to the slices in the middle row. From Koenigs and others 2008b.
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Figure 5.
The color indicates the number of veterans with damage to a given voxel. Top row, coronal
views of a healthy adult brain. Slices are arranged with the anterior-most slice on the left (y=14;
y=8; y=2; y=-4; respectively). Middle row, coronal views of the amygdala group lesion overlap.
Bottom row, coronal views of the temporal lobe comparison group lesion overlap. Slices in
the middle and bottom rows correspond to the top row. The overlap maps were similar, except
for the medial anterior temporal area containing the amygdala, which was damaged in the
amygdala group, but intact in the temporal lobe comparison group. From Koenigs and others
2008b.
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Table 1

Possible Origins of an Association between a Biological Abnormality and Posttraumatic Stress Disorder
1. The abnormality was preexisting and increased the risk of the individual's being exposed to a traumatic event.
2. The abnormality was preexisting and increased the individual's vulnerability to develop PTSD upon the traumatic exposure.
3. The traumatic exposure caused the abnormality, and the abnormality caused the PTSD.
4. The traumatic exposure caused the PTSD, and the PTSD caused the abnormality.
5. The traumatic event independently caused both the abnormality and the PTSD.
6. The traumatic exposure caused PTSD, the PTSD caused a sequel or complication, and the sequel or complication caused the abnormality.
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