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Abstract
Posttraumatic Stress Disorder (PTSD) is presented as a dissociative identity clinical picture,
accompanied by emotional disturbances such as depression, anxiety and apathy that lead to quality of
life deterioration. Likewise, PTSD affects cognitive domains such as information processing (attention),
evocation, consolidation and storage (memory), inability of individuals to plan, organize and direct their
immediate behavior (executive functions), visual spatial, visual constructive and sensorial integration
skills alterations have also been found. It was found that the prefrontal cortex, cingulate gyrus, limbic
system, amygdala often have volumetric decrease in each of their structures, generating clinical
symptoms of posttraumatic alexithymia, where the subject is unable to adequately respond to
environmental stimuli, has problems in working memory, episodic memory and flash backs states that
only accentuate behavioral problems presented in subjects with a diagnosis of PTSD. It is important that
new lines of research focus on functional aspects of Neurorehabilitation, with the aim of improving the
quality of life for the subjects, and thus preventing PTSD from becoming a mental health problem. At
the end of the review there is an integrative proposal that aims to improve social, individual and familiar
aspects of people with PTSD.
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Introduction
Forced displacement, armed conflict, physical and
psychological abuse are variables related to posttraumatic
stress disorder (PTSD) that tend to generate psychogenic
disorders which, in turn, are related in people’s time and space,
generating neurobehavioral disorders and emotional disorders
that affect the subjects’ cognitive functioning and self-rated
health [1-12]. Throughout human development different
critical situations arise [5] which condition the body to a
physical and psychological adaptability, however, over time
other kind of situations occur that manage to destabilize the
subject’s social, individual and family areas, especially those
that inhibit the free development of the personality and that are
accompanied by a dissociative disorder that affects the
subjects’ handling of immediate situations [5]. These
situations, characterized by a state of physical and
psychological distress, called PTSD, are within the category of
anxiety disorders and are characterized by the presence of
symptoms such as depression, anxiety and apathy by exposure
to a traumatic event that include death, threats to the physical,
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social, family and mental integrity of the subject [11]. Intrusive
thoughts or memories of the traumatic event are also common,
which may be associated with certain disorders, or where
possible to entorhinal cortex and parahippocampal gyrus
lesions, related to recall and storage of information processes
[1,5,9,13-25].
Another characteristic symptom of subjects with PTSD is
posttraumatic alexithymia, the inability of the individual to
respond assertively to different stimuli or situations that arise
in their immediate context. The data obtained from different
sources [5,9,13-16,18,20] indicate that subjects with PTSD will
present dysfunction in the right hippocampus, generating
inability to discriminate different situations or stimuli. A
dopamine overstimulation was also found [1,9,14,18] causing a
series of inappropriate and disinhibited behaviors in the context
where the subject operates [14]. Other studies
[5,8,9,13,16,15,18,21-27] have revealed that the prefrontal
cortex and amygdala are susceptible areas in PTSD. They have
a negative impact on planning tasks and emotional responses
respectively.
This
article
aims
to
identify
the
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neuropsychological disorders in PTSD and the brain areas that
are involved in this Neurobehavioral disorder. A Functional
Neurorehabilitation proposal is presented with the aim of
improving the quality of life in individuals with this diagnosis
[28-41].

Method
For the preparation of this review 59 primary references have
been used, 30 research articles aimed at studying the
neuropsychological disorders in victims of armed conflict,
diagnosed with PTSD, 20 review articles, 4 meta-analysis
studies and five book chapters. The search for information was
made in PubMed, Google Scholar Sciencedirect and data. The
initial search was performed using keywords (Posttraumatic
stress disorder, PTSD, neuropsychological, executive
functioning) obtaining a total of 172 references. Summaries of
these studies were analyzed and 130 were selected. Later, those
documents that met the criteria outlined in Figure 1, for an
overall total of 59, were selected (Figure 1).

Figure 1. Study selection process.

Results
The brain in the human organism has been developed to
modify itself according to conservation needs [42]. The
increase in brain size is a sign of a kind of animal designed to
transform itself structurally [43]. Through the life cycle many
changes occur as a result of the experience in terms of
adaptation to different environments, this is called brain
plasticity [44] in other words, personality fits the immediate
context of the subject, thereby seeking to diversify their
behavior in the face of stimuli that the individual receives
daily. Brain changes that come from experience cause changes
at a cognitive level and/or on the behavior, emotional
appearance, personality or more specific aspects that relate to
the functions performed by the affected brain areas [45]. The
experiences that come from the interaction with the
environment, cause in the human body brain changes that
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manifest themselves in response, behavior or behavior patterns
in the body; some specific experiences can produce in the
subjects positive effects that help the adaptation of the
individual, these relate to changes in brain structure [46-50], as
in a healthy state [51-53], further development in cognitive
functioning [54,55], increased brain plasticity and subject's
ability to modify their behavior in terms of adaptation [56].
However, just as we find experiences that when applied on a
subject produce brain changes that are considered as structural
improvements, there are also others that cause structural
damage and dysfunction in brain networks and that are
distributed in the space of neural networking, cortical and in a
diencephalic manner [19], these experiences lead to inadequate
coping responses such as fear or social isolation [5] and these
responses are known as maladaptive for the negative effects
that these bring to the adaptation of the subjects to later
environments or behaviors. In subjects with PTSD several
brain changes that generated maladaptive reactions were found.
Different studies, [3-5,21-22,30-31,57-59] show that exposure
to a traumatic experience leads the body to making changes in
the brain structure. The deficits that are observed in subjects
with a PTSD diagnosis are manifestations of neurological
character [10]. In PTSD these neuropsychological alterations
caused by adverse experience lead to a great emotional,
physical and social deterioration and, as a result, the patient´s
lifestyle, behavior and behavioral expression are modified in
particular and/or different ways. The characteristics of the
neuropsychological disorders are linked to the manifestations
of the traumatic event, which affect some factors such as the
intensity of the disorder or its prevalence [5].
With a greater dissociative degree observed in patients with
PTSD a higher intensity of the traumatic event source and
greater chronicity of the disease are deduced [5,10], the lower
the age of the subject exposed to the traumatic experience, the
greater the risk of presenting PTSD and the symptoms will be
more severe [24,59] even, it was found that patients with a
history of child abuse show a decrease in the dorsolateral
(DLC) and orbitofrontal (OFC) cortex, the alteration in the
DLC is related to a deficit in some cognitive functions related
to working memory, processing stimuli such as attention,
reasoning and conceptualization, while alteration of the OFC is
related to low emotional regulation and greater propensity to
aggressive behavior [5]. PTSD is related to a greater proportion
with females who are twice more likely to develop this
disorder than males [9], it also affects people who are single,
divorced, widowed or that are in a situation of forced
separation [7]. Similarly, some patients who already had other
serious psychiatric disorders such as bipolar disorder and that
present comorbidity with PTSD reported some alterations that
are related to a poorer quality of life and less chance of
recovery, as well as a high rate of attempted suicide [55,58-59],
taking into account that between 50% and 90% of the cases of
PTSD patients have a secondary disorder associated to
affective disorders such as mixed anxiety and depression. It is
necessary to note that most clinical cases with PTSD will not
recover unless the comorbid disorder is treated or overlapped
with other clinical entities [55].
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The physical deterioration of the patients is related to the
overexcitement of corticosteroids in the brain, creating medical
conditions such as atherosclerosis, diabetes, osteoporosis,
hypertension, peptic ulcer and obesity that are related to the
deterioration of the quality of life and low cognitive
functioning, which are associated with different emotional
disorders that adversely affect the daily life activities of
subjects with PTSD [10,57]. Some authors [10,57] found that
exposure to high levels of stress leads the high concentrations
of adrenal steroids to produce a suppressive effect of the
immune system and the production or secretion of
proinflammatory cytokines, which generate a clinical picture of
psychosocial stress or generalized anxiety on the subjects.
Anxiety as an emotional disturbance affects the hippocampalprefrontal cortex connection (PFC) [5,15] causing a negative
impact on decision making, planning tasks and deteriorating
the quality of life. Subjects who witnessed Hurricane Andrew,
showed cytotoxicity in lymphocytes, cytotoxicity was similar
to patients with autoimmune diseases such as rheumatoid
arthritis, erythematosus systemic and sarcoid lupus,
accompanied by anxiety and depression as common emotional
disorders [5,16].

dreams , re-experiencing the event, intense psychological
discomfort, intense physiological reactions, effort to avoid
thoughts, emotions or data relating to the event and
dissociative symptoms [11], shown below.
Dissociation symptoms present in PTSD, classified according
to the shape of their symptoms, are observed in (1) Psychoform
and (2) Somatoform dissociative disorders and, depending on
their structure, in (1) Psychological and (2) Morphological
dissociative disorders [51]. Symptoms of psychoform
dissociation are mainly memory impairments, perception of the
environment, identity, emotional, cognitive or sensory
disturbances [40], while the symptoms of somatoform
dissociation found are body anesthesia, analgesia or intolerable
pain , these are eventually accompanied by symptoms of
dissociation such as perceptual distortion of time, space, reality
and identity, cognitive symptoms such as confusion, dysplasia,
dyscalculia, attention deficit, impaired memory and sleep states
[55].

Prefrontal alterations

In patients with PTSD the emotional deterioration can be
observed through the high rate of comorbidity with depressive
disorder and suicidal ideation observed in these patients, a
study on victims of armed conflict in northern Uganda "Factors
associated with post-traumatic stress disorder and depression
among internally displaced people in northern Uganda "
involved a participant sample between 12 and 25 years of age,
with the aim of evaluating symptoms of the PTSD diagnosis
and depression, finding that the PTSD prevalence rates were of
25 % in subjects in the capacity as soldiers and 7% in control
subjects, as well as a high suicide ideation present in subjects
involved with war, and 6% in the population without this type
of exposure [7]. The authors conducted a study to measure
PTSD and depression in the population of the city of Juba
(Sudan), through surveys applied to the sample, they found that
36% of respondents met the PTSD symptomatology clinical
criteria, where the rate of this disorder was 42.5% among
women and 29.7% among men, likewise, 50% of the sample
met diagnostic criteria for clinical depression (58% among
women and 40.9% among men) [3].

In PTSD the PFC is directly affected [46], presenting
alterations such as hypoactivation in the medial prefrontal
region, specifically the anterior cingulate cortex (aCC),
ventromedial prefrontal cortex (vmPFC), pericallosal sulcus
and OFC which would cause an inability to attentional control
and response to stimuli that are related to the PTSD traumatic
event trigger [15]. Dysregulation of the amygdala often cause
adverse behavior to their immediate context, affecting their
quality of life and cognitive functioning, some flashback states
that subjects experiment with responses of fear, panic, and in
several cases of violent behavior, attention problems and
memory, are associated with poor inhibitory control of
executive functions in response to the fear brought about by the
alteration made in the region of the medial prefrontal cortex
(mPFC) [15], this in turn affects the decision-making, motor
planning tasks, working memory, learning and states of
focused and selective attention [5,9,15]. The PFC fails to fulfill
its function due to limbic decompensation [5], hypoactivity in
the PFC and decreased blood flow in the medial parietal and
occipital BFC [5,11,15,18,23,46] often leads to inability to
learn new tasks and uninhibited behaviors.

This reinforces the claim that emotional disorders such as
depression and anxiety suggest a more systematic evaluation
process in intervention to establish lines of action, in order to
put the subject in an immediate social context where he can
develop freely and under the social guidelines that society
demands. Other alterations which impair the emotional
stability and lifestyle of subjects exposed to trauma were
found, among them is the tendency to present a dissociation
reaction of their personalities, this is split, separating the daily
survival functions from traumatic memories [42]. In all PTSD
dissociative reactions mentioned, a biological correlation was
found, some research [6,10] show the structural changes
caused by the best known PTSD dissociative reactions , some
of these symptoms are described in DSM-IV [11] as recurrent,
distressing, involuntary and intrusive memories, recurring

Cognitive and immediate information handling deficit is linked
to working memory [13] and executive functions, which is
increased by the tendency to amygdala over activation and
locus coeruleus [5], processes that cause flashbacks, amnesia
and dissociative states [9] leakage, the chronic state of
emotional unrest caused by the constant nerve emergences
lowers the levels of attention (targeted and selective) [8,13,15]
planning [13,15], autobiographical memory and immediate
verbal memory [8], increasing the appearance of some more
specific cognitive deficits such as learning [5,9,13,27]. The
alterations found in implicit memory, such as the procedural
one, relate to the inability to carry out some automatic
activities, this is due to amygdala hypersensitivity that affects
some patients with PTSD [9], since the process carried out in
the procedural memories deficit is related to panic reactions,
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the learning established in times of amygdala helplessness and
limbic centers is activated and fired generating fear reactions
and preventing the necessary attention to procedural tasks [5].
One of the functions of the PFC is the evocation of information
in working memory, which is affected by stress, as well as by
other processes such as reaction to emotional stimuli and the
development of cognitive tasks such as decision making,
planning, organization and behavioral flexibility, these
functions are altered, because the chronic stress is associated
with a reduction of neuronal activation in the network that
connects the PFC and the hippocampus [5,13].
This is related to increased over activation of corticosteroids
[9]. Data that are verified by different research on subjects with
and without PTSD, show that there are both anatomical and
physiological differences that affect memory, learning,
emotional control, social and moral development
[5,8-9,14,21-23,25-27,51,55]. It is necessary to note that there
is no information processing in episodic memory [14]
therefore, an important part of the semantic memory is not
stored, preventing the use of valuable information for future
behavior. The inability to perform declarative memory tasks, is
even more specific [5], to the extent that there is an alteration
by reduction of gray matter in the left insula, which produces a
state of posttraumatic alexithymia or verbal difficulty to
identify or even express emotional states related to trauma; in
this case trauma is related to an impairment in declarative or
semantic/explicit memory, its dysfunction is associated with
abnormal functioning of the hippocampus [9], the PFC and
cortical pathways, which is associated with other disorders
such as hypermnesia, amnesia or memory distortion [9].
Alterations in extinction memory appear as an alteration in the
mPFC due to either hypoactivation or reduction of blood
irrigation [10] to this area that allows the modification of
previously conditioned responses [23], traumatic memories
perform an intrusive function in PTSD and oblivion is one of
the main problems of this disorder, these alterations in learning
and in the inability to forget or stop recalling traumatic
memories, [10] are related to the functioning of the mPFC, the
brain region that controls the extinction of learned behaviors
such as fear response at the memory or reminding element, in
the process of extinction of the response are involved two
subregions of the mPFC, the pre limbic (PL) and infra limbic
(IL) subregions, the activation of the PL subregion favors
failure maintaining fear responses; on the other hand the IL
subregion, controls the reduction in the fear response and
therefore strengthens the formation of extinction memory [10].
Different studies have concluded that the mPFC is the brain
region that controls the extinction of automatic fear response
[10,47]. It was found that the amount of Pos protein in the
PFC, in the IL and PL sections, was significantly increased in
the group that managed to reduce the fear response [9]. The
intermediate extinction deficit is a lack of activation of the
mPFC, for this reason functional Neurorehabilitation plans
must be created in order to improve the poor inhibitory control,
which is associated with the fear response promoted by the
alteration presented in the mPFC region [9,15]. Figure 2 shows
brain structures that are compromised by PTSD.
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Figure 2. Midsagittal cut at the height of the corpus callosum genu.
Brain structures that are involved in PTSD own image.

Limbic alterations
Lesions in the limbic system are widely mentioned in the
research on PTSD, several authors argue that memory
deficiencies relate to an alteration of this type [8,57,58] this is
the result of a process that occurs during episodes of stress
where the hypothalamic-pituitary-adrenal axis that causes an
increased cortisol level is activated, which modulates normal
physiological responses to stress, abnormally high levels of
cortisol may also reduce the hippocampus-PFC neural
connection affecting synaptic plasticity generating, among
other symptoms, the visual spatial memory deficit [5,13,14]. A
smaller hippocampus is related to dysfunctions in the use of
allocentric visual spatial memory [21], likewise the increase of
glucocorticoids in this structure also causes the decrease of
dendritic divisions, modifications terminal synaptic structure
and inhibition of neuronal regeneration which in turn is related
to a deficit not only in memory but also in learning which is
further diminished by the decrease in the information
consolidation and recall processing [5,27,54]. Dissociative
symptoms that affect memory in PTSD such as the alterations
due to visual spatial memory deficit [5,9-21], posttraumatic
alexithymia [5] and episodic memory deficit [5,21] are related
to dysfunctions in the hippocampus, especially in the synaptic
projections deficit and the inhibition of neurogenesis in
specific parts of this structure, which has been previously
linked with chronic stress. It was found that the episodic
memory deficit relates specifically to the dentate gyrus, a part
of the hippocampus that has dysregulation characteristics
caused by PTSD [27].
The alterations found in the explicit, semantic and episodic
memory relate to each other [14] and are associated with the
inability to remember and put into words the emotions or
events experienced, there are alterations in the declaratory,
autobiographical and verbal memory [8], a group of war
veterans with PTSD showed symptoms of dissociation, related
to limbic dysfunctions that are associated with alterations in
the declaratory, autobiographical and verbal memory [8]. Other
authors [5,21,27] recognize the relationship between
hippocampal hypertrophy and the limitations on the use of
some memories, however, the deficits in episodic memory are
related to the dentate gyrus, this is a hippocampal structure that
presents a volumetric decrease in PTSD, and is inhibited in its
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neurogenesis and in the projection of its dendritic branches,
thus causing problems in the subject in the neurobiological
basis of memory [27]. It has been found that during PTSD,
episodic memory indefinitely stores information in the right
limbic system in a dysfunctional way, causing vivid images of
the traumatic experience, thoughts, feelings and intrusive
sensations. The intrusion of such traumatic memories causes
anxiety, maladaptive coping strategies, depression and anxiety
that are associated with posttraumatic Alexitimia [14].
Some research argue that there is a negative effect of chronic
or prolonged stress on hippocampal volume [5,21,27,54], and
although studies of neuroimaging in the brains of subjects with
and without PTSD [15,52] show that the volume of the left
hippocampus was smaller in patients with PTSD than those in
the control group, associated with poor performance on visual
spacial memory tests [9]. In general, in a patient afflicted with
this disorder, it is difficult to determine if there is or there is no
a hypertrophic alteration in the hippocampal structure, and
even this factor could have acted as a risk factor prior to PTSD
[52]. Another study [15] argues that there is neither direct nor
necessary connection between hippocampal volume reduction
and PTSD, however a relation between the decrease in
hippocampal volume and steroids which are produced when
exposed to high levels of stress was found, in the absence of an
elevated cortisol increase in a patient, there should not be
damage in the hippocampus [18], this may confirm the
relationship
between
corticoids,
more
specifically
glucocorticoids produced by prolonged or chronic stress and
structure hypertrophy, decreasing neurogenesis, dendritic
projections and hippocampal volume in specific areas of the
hippocampal such as the dentate gyrus [27].
This would explain why some researchers find no decrease in
the hippocampus in patients with PTSD, the hippocampal brain
dysfunction is related to the excessive production of
corticosteroids from exposure to high levels of stress and
chronic stress and not to other types of stress that may occur in
patients with milder PTSD disorders, not all the subjects with
PTSD have prolonged or chronic stress and, therefore, not all
of them have the structural modification of an amygdala or a
hypertrophic hippocampus [9,18], then, it is necessary to begin
establishing diagnostic categories in patients with PTSD.
Structural areas such as the hippocampus and the amygdala are
often overactive [5,9-10,13,15,18,23,25,46] linked to
emotional responses of tears, pain, aggression and bad
information processing, and in the same way, an increased
blood flow to the amygdala [9] affects learning and the
consolidation of new tasks [15,46]. The locus coeruleus,
located in the dorsal or posterior area of the brainstem is
altered, the noradrenaline deficit do not give the subject the
necessary capacity to adequately respond to stress situations,
panic, [5,9,18,56] numbness and catatonia [55], this relates to
an increase in heart rate, blood pressure and blood flow in the
brain to the posterior structures of the brainstem, especially the
locus coeruleus [10,46] also associated with dissociative
disorders. Dissociative symptoms affecting the affective area
are depression [7], panic attacks, numbness, catatonia [46] and
generalized anxiety and emotional deterioration [7,9] and the
Biomed Res- India 2017 Volume 28 Issue 6

emergence of maladaptive behaviors [13]. The avoidance and
depressive behaviors [1], characteristic symptoms of PTSD
patients, are related to a modification of the regulation of the
serotonergic system, while psychotic type reactions present in
the same disorder, relate to the role assumed by the
dopaminergic pathways [1].
The clinical pictures of generalized anxiety disorder have an
etiology related to trauma, and physiological responses that
cause a narrowing of consciousness; this not only presents the
dissociation of episodic memories but degrees of semantic and
procedural dissociation are also observed. Affective and
behavioral dissociation, are presented in somatoform
symptoms and alterations in perception of self [29,46,52]. In
PTSD, an increase in serum interleukin was found [52],
causing sleep disturbances, eating disorders, psychomotor
retardation, sexual dysfunction and recurrent episodes of fear
[9]. These recurrent episodes of fear and the failure of the PFC
in modulating emotions or planning tasks have been explained
as an affectation of the connection between brain structures due
to the particular damage on some of them. In PTSD not only
the structures but also the connections between the insula,
hippocampus, cingulate gyrus, amygdala and PFC are affected
[5], each of these areas is affected individually by different
PTSD trauma factors and together they produce major
dysfunctions in neurotransmission systems. There is a
significant alteration related to the norepinephrine
neurotransmitter systems [5], an alteration in the locus
coeruleus, which has a hyperarousal, relating this with panic
reactions and stress, another study shows [18], an important
dysregulation in noradrenergic system (increase) leading to a
high level of activity of the sympathetic nervous system,
causing fear and excessive hyperarousal; as this noradrenergic
system is related to memory, it may intensify trauma memories
and make the subject remember them more easily, quickly and
stormingly, for this reason, it is necessary to use Functional
Neurorehabilitation techniques to improve the quality of life in
subjects diagnosed with PTSD. Figure 3 represents
Neurological and Neuropsychological alterations subjects with
PTSD are exposed to.

Figure 3. Neuropsychological and neurological disorders of subjects
with PTSD. own figure.
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Conclusions
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