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Summary
While there has been an abundance of research on Post-Traumatic Stress Disorder (PTSD) in the past 
several decades, clinical studies on the neurobiological mechanisms involved in the disorder are only re-
cently receiving attention. This paper will collate available information on the neurobiology of PTSD for 
clinical and lay audiences.
This paper reviews the literature surrounding typical symptoms of PTSD, with a specific focus on the neu-
robiological evidence suggesting altered brain functioning among those with the condition.
It will also present literature reviewing common treatment methods of PTSD and their potential effects on 
brain functioning, including attention, working memory, and emotional regulation.
The concept of post-traumatic growth will also be introduced, indicating an alternate trajectory of PTSD.
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Conclusions

Neurological evidence suggesting that those 
with PTSD may experience better quality of life 
following a traumatic event will be presented.

In the last decade, the world has seen a shock-
ing number of horrifying incidents: natural dis-
asters, terrorist attacks, war, and egregious pub-
lic acts of violence. Clinicians and researchers 
alike have been turning their attention more 
than ever to how individuals cope with the 
sometimes serious psychological effects that 
can arise from encounters with traumatic situa-

tions [1]. Exposure to trauma can have many im-
pacts on both direct and vicarious survivors and, 
in some cases, can develop into a severe, debili-
tating condition which may have lifelong impli-
cations for those affected: Post-Traumatic Stress 
Disorder (PTSD). Since its addition to the DSM-
III in 1980, the psychological community has ex-
amined and explored the aetiology, clinical, and 
neurobiological presentation, and treatment of 
PTSD. In particular, there has been an increase in 
research on how the disorder results in disrup-
tion of the neural systems associated with atten-
tion, working memory, and the processing of af-
fective stimuli [2]. In spite of much of this work, 
the lay perception of PTSD is still catastrophic, 
holding closely the assumption that trauma has 
the power to ‘throw life off course’ and alter it, 
negatively, forever. This paper is intended for 
both clinicians and lay-readers as an accessible 
review of some of the neurology underlying the 
disorder and its treatment, as well as an intro-
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duction to the literature that supports post-trau-
matic growth after trauma.

The normal stress response

The experience of trauma is fundamentally 
different from the ways in which we respond 
to everyday stressors. While the stress response 
and subsequent homeostatic mechanisms are 
normal [3], if the response is recurrent or con-
tinues for an extended period of time, or if the 
stressful event is so overwhelming that it over-
taxes homeostatic mechanisms, it may lead to a 
disorder [4]. Stress is a state of arousal accompa-
nied by physiological and behavioural responses 
that aim to restore homeostasis [5] in the face of 
a potential perceived threat [6, 7]. The stress re-
sponse begins when the brain perceives a stres-
sor (a factor that triggers arousal). The response 
consists of two separate biochemical sequences, 
one fast and the other slow. The fast response in-
volves the release of epinephrine, whereas the 
slow response activates cortisol. Epinephrine is 
responsible for the energy surge that is triggered 
during a stressful event, preparing the body for a 
sudden burst of activity. The cortisol pathway by 
contrast is activated in minutes to hours, prepar-
ing the body for longer lasting adaptations, such 
as the restoration of cells or tissues after energy 
expenditure. Cortisol has a wide range of func-
tions; it can turn off all bodily systems (like in-
sulin, so that the liver begins releasing glucose), 
inhibit reproductive functions, and impede the 
immune system in order to help the body con-
centrate on dealing with the stress. Normally, 
stressors are short-acting events, with the body 
mobilizing its resources to manage challenges 
as needed.

At the termination of a stressor, the brain in-
structs the hypothalamus to turn off the stress 
response [5]. The hippocampus has a high densi-
ty of cortisol receptors and has axons that project 
to the hypothalamus; it detects cortisol in the 
blood and instructs the hypothalamus to slow 
its release. There are a variety of mechanisms in 
the normal stress response which may malfunc-
tion when an individual is presented with trau-
ma and can result in PTSD which encompasses 
a wide variety of neurological changes.

The Neurobiology of Post-Traumatic 
Stress Disorder

One of the most interesting findings with re-
spect to trauma and neurobiology is the marked 
changes in the brain’s neural circuitry and neu-
rochemistry which can occur after exposure to 
a traumatic event. Early animal models have 
shown alterations in the hippocampus, amy-
gdala, and medial prefrontal cortex as a result 
of exposure to excessive stress [8]. Human stud-
ies have indicated that there are also function-
al changes in these and other brain regions af-
ter exposure to a traumatic event [7, 9]; how-
ever, the exact mechanism of these changes re-
mains unknown [8]. This section will describe 
the observed changes in the key regions associat-
ed with PTSD: the prefrontal cortex, amygdala, 
and hippocampus. It will also explore the impli-
cated endocrinology of stress, focusing on altera-
tions in cortisol levels in patients with PTSD.

Prefrontal Cortex (PFC). The PFC is the re-
gion of the brain commonly implicated in com-
plex thought and operations, such as decision 
making, attention, impulsivity, personality, and 
emotionality [10]. The PFC also plays a role in 
the memory storage and personal expression of 
emotionally salient experiences. Of particular 
relevance to its role in responding to stress is the 
medial prefrontal cortex (mPFC), which serves 
to inhibit the amygdala and extinguish fear re-
sponses [8]. Research has shown that PTSD pa-
tients show decreased activity in their prefrontal 
cortex [11]. Shin and colleagues [12] conducted a 
comparative study of PTSD patients versus trau-
ma-exposed patients without PTSD using func-
tional magnetic resonance imaging (fMRI), and 
found a decreased function in the medial PFC in 
those patients with PTSD when exposed to fear-
ful and happy faces. This study also indicated 
that symptom severity was correlated with ac-
tivity in the PFC, such that higher hypoactivity 
is related to more severe symptoms.

Amygdala. Another brain region common-
ly implicated in the onset and maintenance of 
PTSD is the amygdala. This region of the brain 
acts as the filter through which threatening stim-
uli are interpreted and paired with appropriate 
emotion, such as fear [10]. The amygdala is a key 
part of the circuitry that alerts the body to im-
pending danger and helps activate the systems 
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required for an individual to protect him/herself 
or escape the situation [10]. Shin and colleagues 
[12] demonstrated that in addition to decreased 
PFC activation to facial stimuli, patients with 
PTSD experienced hyperreactivity of the amy-
gdala when presented with either happy or fear-
ful facial stimuli. Liberzon and colleagues [13] 
demonstrated similar results, with amygdaloid 
hyperreactivity to trauma-related auditory stim-
uli in PTSD patients when compared to neutral 
auditory stimuli. In this study, SPECT analysis 
was used with three different sample groups: 14 
Vietnam War veterans with PTSD, 11 combat ex-
posed controls (without PTSD), and 14 controls. 
Participants were tested at two time points: in 
time one they were exposed to white noise, and 
in time two they were presented with combat re-
lated sounds. When presented with combat re-
lated stimuli, PTSD patients showed significant-
ly higher activity in the amygdala than either of 
the control groups. Patients with PTSD have also 
been shown to demonstrate decreased left amy-
gdala volumes when compared to controls [8].

Amygdala and PFC interaction. Rauch and 
colleagues [14], among others [e.g., 15], suggest 
that an interaction between the amygdala and 
the PFC contributes to the maintenance of PTSD. 
The Neurocircuitry Model of PTSD [16] suggests 
that the PFC does not adequately modulate the 
amygdala, resulting in amygdaloid hyperactiv-
ity. To date, however, causality has yet to be es-
tablished. Amygdala hyperactivity mediates 
many of the positive symptoms of PTSD, such 
as hyperarousal. The hypoactivity of the PFC is 
implicated in this symptoms cluster, as it does 
not elicit extinction or suppress attention to trau-
matic stimuli, as it would in a non-PTSD brain. 
This amygdaloid/PFC interaction has been rep-
licated in multiple studies [e.g., 12, 17].

Hippocampus. The hippocampus is another 
brain region commonly implicated in the onset 
and symptoms of PTSD [18]. In normal situa-
tions, the hippocampus is a necessary compo-
nent of memory formation and the regulation 
of emotion. It situates events and experienc-
es within a context in order that they might be 
processed [8]. Decreased hippocampal function 
has been implicated in such PTSD symptoms as 
difficulty identifying safe contexts and memo-
ry problems [19]. Bremner and colleagues [20] 
demonstrated that abuse survivors who had de-

veloped PTSD had decreased hippocampal acti-
vation when compared to controls. In this study, 
the authors used PET scanning, which demon-
strated decreased left hippocampal activation in 
patients with PTSD (N=10) when compared to 
trauma exposed non-PTSD (N=12) and normal 
controls (N=11). Shin et al. [21] replicated these 
results in firefighters.

It has been suggested that adults with PTSD 
may not only show decreased activation of the 
hippocampus but also decreased hippocampu-
lar volume. Bremner and colleagues [20] em-
ployed MRI techniques to explore volume of 
the hippocampus in women with PTSD, trau-
ma exposed women without PTSD, and non-
trauma exposed controls. Their results indicat-
ed that women with PTSD have less right and 
left hippocampal volume than controls. A meta-
analysis conducted by Kitayama and colleagues 
[22] indicated that both males and females with 
chronic PTSD demonstrated smaller hippocam-
pal volumes across various types of trauma. Karl 
et al. [23] used meta-analysis to demonstrate 
that individuals who develop PTSD have de-
creased hippocampal volume when compared 
to both non-trauma exposed, trauma-exposed, 
and non-PTSD controls. Those participants ex-
posed to trauma without PTSD had smaller hip-
pocampi than non-trauma exposed controls. The 
authors also reported that increased PTSD se-
verity is related to decreased hippocampal vol-
ume. It is important to note the same was not 
demonstrated in children and adolescents [16]. 
Twin studies indicate that decreased hippocam-
pal volume may also be a predispositional fac-
tor for the development of PTSD [24]; however, 
many of these twin sets had experienced child-
hood trauma. It is therefore difficult to deter-
mine whether the decreased hippocampal vol-
ume predated or resulted from earlier traumas. 
Further research is required to elucidate the role 
of hippocampal volume in the development and 
maintenance of PTSD.

HPA axis and cortisol. Cortisol plays a key 
role in the body’s immediate response to a stres-
sor, and is released upon encountering a stres-
sor to elicit a variety of changes throughout the 
body to increase the likelihood of surviving a 
perceived threat. In the case of traumatic stress, 
research has shown that there are fundamental 
changes to the way the HPA axis reacts to stress 
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with respect to cortisol release. Weewisse and 
colleagues [25] conducted a systematic review 
and meta-analysis to explore the pre- and post-
trauma plasma levels of cortisol in individuals 
with PTSD compared to controls. Their research 
demonstrated that under certain conditions, in-
dividuals who develop PTSD have lower basal 
levels of cortisol than individuals not exposed 
to trauma. This meta-analysis also demonstrat-
ed that gender may play a role: men with PTSD 
were not different from male controls with re-
spect to cortisol levels, whereas women with 
PTSD showed lower cortisol concentrations 
than female controls. Type of trauma also ap-
peared to have implications for cortisol produc-
tion; individuals exposed to sexual or physical 
abuse demonstrated lower plasma cortisol lev-
els than controls, but these differences were not 
observed for war veterans or refugees. It is im-
portant to note that the differences in the levels 
of cortisol between PTSD participants and con-
trols disappeared when comparing those with 
PTSD to trauma-exposed, non-PTSD controls. 
Olff and colleagues [26] explored a variety of 
endocrine implications in PTSD. They assessed 
plasma hormone levels of cortisol, DHEA and 
DHEA-S, prolactin, thyrotropin, and free thyrox-
in. Their results indicated that participants with 
PTSD demonstrated significantly lower levels of 
cortisol when compared to healthy volunteers.

Hippocampus and cortisol. Kolb and Whishaw 
[5] suggest that there may be an insidious re-
lationship between the hippocampus and cor-
tisol. They reviewed animal studies involving 
monkeys that demonstrated that monkeys who 
were chronically subjected to passive or subor-
dinate roles in the cage showed exaggerated hip-
pocampal degeneration. The authors explained 
that chronic high levels of cortisol eventually 
lead to damage of the neurons in the hippocam-
pus, which can no longer inhibit cortisol produc-
tion in the adrenal glands; cortisol production 
is not tempered. Excessive stress in humans can 
also lead to hippocampal damage [27].

Treatment of PTSD

Pharmacotherapy. One of the modes through 
which helping professionals can treat PTSD 
is using pharmacotherapies. Fernandez and 

colleagues [28] explored the impacts of Pro-
zac (Fluoxetine), a selective reuptake inhibitor 
(SSRI), on regional cerebral blood flow during 
activation of PTSD symptoms in patients who 
had torture and war related PTSD. They report-
ed that for unmedicated patients, activation of 
PTSD symptoms results in increased blood flow 
to the cerebellum, precuneus, and the supple-
mentary motor cortex, and decreased flow to the 
insula, prefrontal, and inferior frontal cortices. 
Hence, there was an increase in blood flow to the 
areas of the brain responsible for more physio-
logical, automatic responses, and less to the ar-
eas responsible for higher levels of processing 
and critical thought. After administration of the 
SSRI, these changes in blood flow normalized.

Other research has shown that Propranolol, an 
anxiolytic, may be useful in managing endur-
ing chronic symptoms of PTSD. Taylor and Ca-
hill [29] report a case study in which Propranolol 
was administered to a patient with a history of 
chronic, recurrent PTSD. Propranolol was ad-
ministered 48 hours after the most recent trau-
ma, and resulted in a substantial decrease in 
PTSD symptoms, in comparison to prior trau-
ma experiences. Further, Taylor and Cahill sug-
gest that the combined use of Propranolol and 
psychotherapy may be most effective in mitigat-
ing PTSD, as the medication may offset the risks 
of re-exposure in the therapeutic space. More re-
search is required to understand the impact of 
covariates, like gender, which may indicate in-
teractions and contraindications for utilization of 
Propranolol in treating PTSD with female chil-
dren [30].

Research has indicated that even early admin-
istration of Propranolol to some individuals who 
have recently experienced trauma can decrease 
the likelihood of them developing PTSD [31]. 
Propranalol acts to alter the memory storage 
processes in the brain in the event of a trauma. 
Bioethicists question the ethics of using medi-
cation to alter painful memories [32]. More re-
search is required to determine the viability of 
memory modification using Propranolol.

Cognitive Behavioural Therapy (CBT). Hyper-
arousal, avoidant behaviours, and negative cog-
nitions are typical among those who have ex-
perienced a trauma [33]. While psychodynamic 
and supportive counselling approaches are also 
employed, cognitive behavioural models have 
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been the most studied and empirically validated 
psychosocial interventions for those with PTSD 
[34]. Cognitive behavioural models rest on three 
fundamental assumptions: first, cognitive pro-
cesses can be accessed with practice and aware-
ness; second, the way we think mediates the way 
we respond to our environment; and third, our 
cognitions can be changed to become more bal-
anced and rational [35]. Research has demon-
strated that the way individuals emotionally and 
cognitively process a traumatic event is related 
to the onset and maintenance of PTSD [36, 37]. 
How an individual interprets and appraises a 
trauma has bearing on their memory of it that 
can contribute to persistent PTSD [35].

In their review of PTSD, Nemeroff and col-
leagues [1] discuss how the CBT model aims to 
teach clients how to identify, evaluate, and re-
frame the dysfunctional thoughts that contrib-
ute to intense negative emotional and behav-
ioural reactions through exposure therapy, anx-
iety management, and challenging dysfunctional 
cognitions. Exposure therapy includes systemat-
ic desensitization and flooding where PTSD pa-
tients are required to confront their fears, memo-
ries, and triggers with progressively less anxiety 
and cognitive distortions. The anxiety manage-
ment component of the CBT approach involves 
exercises designed to reduce anxiety through re-
laxation, controlled breathing, and self-distrac-
tion (thought stopping). Self-blame and nega-
tive thoughts about the self and the world are 
common among those with PTSD, particular-
ly the use of overgeneralizations (e.g., ‘no place 
is safe’), and labeling (e.g., ‘I am weak and in-
competent’), with the traumatic incident serv-
ing as evidence for these beliefs. Identifying and 
challenging patients’ dysfunctional cognitions 
and replacing them with more adaptive ways 
of thinking is an integral component of the CBT 
approach. González-Prendes and Resko [35] 
add that many of these erroneous thoughts can 
lead to fear and avoidance of adversity, and so 
poor coping strategies result and help perpetu-
ate symptoms; addressing maladaptive coping 
strategies and replacing them with more adap-
tive ones are also central to this approach.

After the onset of PTSD symptoms, the neu-
rons of the amygdala have formed new path-
ways which reinforce, and are reinforced by, 
triggers. Though CBT cannot deaden these path-

ways, it is suggested that this type of therapy 
may form new inhibitory pathways which de-
crease the hyperactivity of the amygdala, lead-
ing to decreased symptoms severity [10]. CBT 
may also be effective in eliciting change in the 
PFC, as this treatment has been shown to elicit 
meaningful change in symptoms of other anxi-
ety-related disorders.

Transcranial Magnetic Stimulation. Transcra-
nial Magnetic Stimulation (TMS) has recently 
been applied to those with PTSD in an effort to 
reduce their core symptoms. This noninvasive, 
painless technique uses electrical energy to di-
rectly stimulate cortical neurons, leading to a de-
polarization of neurons [38] and cortical chang-
es in monoamines [39]. Among those diagnosed 
with PTSD, it has been shown to decrease de-
pressive symptoms [40], lower avoidance, anxi-
ety, and somatization [41], and improve hyper-
arousal symptoms [42].

Cohen and colleagues [43] sought to evalu-
ate the therapeutic effectiveness of active repet-
itive TMS at different frequencies of PTSD pa-
tients. They assigned 24 patients with PTSD (17 
men and 7 women) to receive rTMS at low fre-
quency (1 Hz), high frequency (10 Hz), or sham 
rTMS administered to the right dorsolateral pre-
frontal cortex in a double-blind design. Partic-
ipant trauma included combat reaction, motor 
vehicle accident, sexual abuse, assault, work ac-
cident, and unexpected death of a relative. They 
administered treatment in 10 daily sessions. Pa-
tients were assessed at baseline, at day 5, at day 
10, and at day 24 (14 days after the intervention). 
The 10 daily treatments of 10-Hz rTMS at 80% 
motor threshold over the right dorsolateral pre-
frontal cortex had therapeutic effects on PTSD 
patients, with PTSD core symptoms (re-expe-
riencing and avoidance) markedly improving 
with this treatment. Moreover, high-frequency 
rTMS over the right dorsolateral prefrontal cor-
tex alleviated anxiety symptoms in PTSD pa-
tients. The effect of 10-Hz rTMS was significant 
and stable for at least 14 days after the last treat-
ment. The authors suggested that in future stud-
ies, the treatment could be used as maintenance 
therapy, similar to ECT procedures. Ten daily 
sessions of right dorsolateral prefrontal rTMS at 
a frequency of 10 Hz was shown to have greater 
therapeutic effects than slow-frequency or sham 
stimulation.
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Future directions for treatment. Nemeroff 
and colleagues [1] explain that there will be fur-
ther studies needed to determine brain mecha-
nisms underlying successful response to treat-
ment, including changes in brain receptor and 
neurotransmitter systems. Further assessment is 
needed to improve our understanding of what 
increases our susceptibility, genetically and bi-
ologically, to developing PTSD. A better under-
standing of the changes that occur in the brain 
throughout treatment will be facilitated with 
the help of a variety of animal models for PTSD. 
With better understanding of the complex aetiol-
ogy of PTSD, new therapeutic targets and treat-
ments with improved short- and long-term ef-
ficacy may emerge. Predictors of treatment re-
sponse (e.g., psychotherapy, pharmacotherapy, 
combination treatments) may also be identified 
among those with PTSD. The authors also argue 
that PTSD requires an operational definition of 
remission (not just reduction of symptoms), as 
the final goal of treatment is ideally full remis-
sion from the condition.

In their review of CBT treatment and PTSD, 
González-Prendes and Resko [35] suggest that 
further research could eventually identify those 
clients who are most likely to benefit from the 
various cognitive-behavioural approaches for 
PTSD, perhaps according to the type of trauma 
they have suffered. This is particularly impor-
tant given attrition rates that demonstrate that 
not all PTSD patients respond the same way 
to treatment. They also recommend that long-
er-term follow-up assessments be done to pro-
vide stronger evidence for the long-term effects 
of treatment.

Because only a subset of individuals exposed 
to trauma go on to develop PTSD, researchers 
are turning their attention to the identification of 
risk and protective factors that can inform treat-
ment of PTSD [44], including more research on 
the nature of the trauma, individual characteris-
tics, neurological soft signs, peri- and post-trau-
ma variables, history of brain injury, and level of 
intellectual functioning. Like many other mental 
disorders, there are disorder- and population-
related risks, resilience, comorbidity, and iatro-
genic variables that can influence neuropsycho-
logical performance [35]. If we can identify these 
risk and protective factors, we may be able to 
develop earlier interventions or prevent the on-

set of PTSD [44]. Longitudinal studies of at-risk 
populations and cross-sectional approaches like 
twin methodologies will be needed. Future re-
search must continue to investigate the links be-
tween PTSD and post-traumatic growth, includ-
ing the most effective ways to elicit said growth 
in a variety of populations.

Post-traumatic growth

Current research is beginning to indicate that 
patients can not only recover from their traumat-
ic experience, but actually experience post-trau-
matic growth, or better quality of life, after the 
trauma when compared to before the traumatic 
event [45]. Post-traumatic growth occurs when 
persons struggle with their traumatic experi-
ence, and engage with it on a deep and mean-
ingful level [46]. Van der Kolk and McFarlane 
[47] argue that the meaning people ascribe to 
their traumatic incident can contribute to the se-
verity of their experience of the trauma. Interest-
ingly, research has indicated that making mean-
ing can be an essential component in recovering 
from trauma [48].

While the results of the relationship between 
PTSD and post-traumatic growth are somewhat 
inconclusive, trends in the literature indicate that 
post-traumatic growth is more likely when se-
verity of PTSD symptoms is higher [49]. Hence, 
those patients who previously may have been 
thought to be irrevocably harmed by trauma 
may in fact be most likely to grow as a result of 
it. Factors which can contribute to post-traumat-
ic growth may include degree of rumination on 
the trauma, openness to religion [50], and per-
sonality variables such as openness, conscien-
tiousness, and agreeableness [51]. Preliminary 
research indicates that individuals experiencing 
post-traumatic growth may have increased left 
frontal brain activation [52]. Additionally, War-
nick [53] cautions that use of Propranalol to in-
hibit formation of traumatic memories may de-
crease the likelihood of survivors being able to 
attain later post-traumatic growth. Further re-
search is required to explore the neurobiological 
correlates of post-traumatic growth, which may 
further illuminate connections between PTSD 
and growth, in addition to the mechanisms by 
which growth occurs.
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Conclusion

This paper has provided an overview of the 
neurobiology of PTSD, its treatment, and the po-
tential for post-traumatic growth. In order for 
clinicians to adequately treat PTSD, it is essen-
tial that they understand the presentation of the 
disorder and the neurological correlates of these 
symptoms, in order that they can adequately val-
idate patient experience and understand the im-
pacts of their chosen treatments. It is also essen-
tial for practitioners to understand the potential 
positive outcomes for patients, so that they can 
work to foster not only a return to wellness, but 
also possibilities for post-traumatic growth.
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