
SUMMARY
The extensive Medline search performed allowed us to state that
the majority of reports support evidence of information processing
abnormalities in patients with Mild Traumatic Brain Injury/Post-
Traumatic Stress Disorder.Studies of event-related potentials (ERPs)
are the main tool in any real time examination of information pro-
cessing in miliseconds. Based on the available data, and our own
research, we suggest that  QEEG and ERPs abnormalities may re-
sult in a better understanding of the mechanism by which the sym-
ptoms of these disturbances overlap with each other. 
The patient,  a 57-year-old man, retired Polish Army lieutenant co-
lonel, who had seen active service twice in Lebanon, was diagno-
sed with Mild Traumatic Brain Injury/Post-Traumatic Stress Disorder,
in accordance with the DSM 5 criteria.  MR neuroimaging research
showed cerebral-subcortical structural dystrophy. The neuropsy-
chological tests confirmed an increasing degree of disturbance wit-
hin cognitive and emotional processes as well as behavioural
disturbances. Through the appliance of QEEG methodology as well
as the potentials connected with the event (ERPs) it appeared that:
(1)  rare low-voltage rapid EEG occured; (2) increased activity in
the subcortical areas,  (3) weakened activity in the cerebral areas.
The patient completely lost cognitive and emotional control which
meant that he was unable to function in everyday life. 
The conducting of  ERPs on the patient made it possible to under-
stand the brain mechanisms lying at the basis of the overlapping
symptoms of Mild Traumatic Brain Injury/Post-Traumatic Stress Di-
sorder. The appearance of a low-voltage, rapid EEG could possible
be a factor enhancing the development of PTSD, particularly in pa-
tients who have experienced Mild Traumatic Brain Injury. The results
obtained show the need to exclude low-voltage EEG in soldiers de-
spatched to see service in regions of armed conflict. 
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INTRODUCTION

Of immense danger is any force which 
is not accompanied by a sense of responsibility. 

Archibald Joseph Cronin

Posttraumatic stress disorder (PTSD), constitutes at the present moment
a new challenge for medicine worldwide. As a result of the increased incidence
of terrorist attacks and armed conflicts in the world there is an rise in the number
of people who suffer from PTSD. However, it is difficult to estimate statistically
the rate of PTSD both in Poland as globally, particularly given that with the pub-
lication of a new handbook on the classification of psychiatric diseases DSM 5
[1,2], the diagnostic criteria adopted for this syndrome have changed. 

Often cited within the subject literature are data from the United Nations’ World
Health Organization, which publishes estimates of PTSD impact for each of its
member states; the latest data available are for 2004. Considering only the 25
most populated countries ranked by overall age-standardized Disability-Adjusted
Life Year (DALY) rate, the top half of the ranked list is dominated by Asian/Pacific
countries, the US, and Egypt [2]. However, it is worth noting that the above given
statistics do not merely cover war veterans but equally those who have fallen
foul of PTSD for other reasons. 

Statistics on war veterans have been published by the United States Depar-
tment of Veterans Affairs, which estimates that 830,000 Vietnam War veterans
suffered symptoms of PTSD [3,4,5]. The National Vietnam Veterans’ Readjus-
tment Study (NVVRS) found 15.2% of male and 8.5% of female Vietnam vete-
rans to suffer from current PTSD at the time of the study.

At the beginning of the second decade of the 21st century further cohort stu-
dies were conducted. Researchers from Georgia State University and San Diego
State University found that rates of PTSD diagnosis increased significantly in
2011, when troops were stationed in combat zones, had tours of duty of longer
than a year, experienced combat, or were injured. Military personnel serving in
combat zones were 12.1 percentage points more likely to receive a PTSD diag-
nosis than their active-duty counterparts in non-combat zones [4,5]. The studies
conducted showed the marked significance of the time duration exposue to
stress-inducing events. Those serving more than 12 months in a combat zone
were 14.3 percentage points more likely to be diagnosed with PTSD than those
having served for less than one year. It is important to add that experiencing
enemy firefight was associated with an 18.3 percentage point increase in the
probability of PTSD, while being wounded or injured in combat was associated
with a 23.9 percentage point increase in the likelihood of a PTSD diagnosis. For
the 2.16 million U.S. troops deployed in combat zones between 2001 and 2010,
the total estimated two-year costs of treatment for combat-related PTSD are bet-
ween $1.54 billion and $2.69 billion [5].
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The latest reports which may be found in the subject literature globally con-
cerning the epidemiology of PTSD are ones from 2013 [6]. The authors have es-
timated the value as being at up to 20% of veterans returning from Iraq and
Afghanistan. Yet these data already point to the fact that the very diagnosis and
treatment of individuals with PTSD is a calling for the medical profession globally,
particularly in those countries which are torn by armed conflict. An even greater
problem involves soldiers who display both Mild Traumatic Brain Injury/Post-
Traumatic Stress Disorder. The new statistics will be introduced on the basis of
a DSM 5 diagnostic classification [1], and for this reason we have adopted this
classification equally in the diagnosis of our patient. 

Posttraumatic stress disorder, in accordance with the DSM 5 classification,
[1] is considered to be a form of fear disturbance connected with a short- or long-
term exposure to a traumatic event which (1) possess features exclusively threa-
tening or that are catastrophic in nature, (2) that exceed the limits of human
indurance. Traumatic events of this magnitude are considered to be: 
• participation in front-line fighting; 
• being the victim/or witness of bombardment, torture in concentration camps,

and finally acts of terrorism [so-called man-made disorders];
• being the victim and/or witness of a transport catastrophy, 
• being the victim and/or witness of flooding, particularly when personal loss is

involved
• a tragic accident in which someone close has died
• being the victim of rape, sexual harassment, or an attack with violence. 

In turn a mild TBI, otherwise known as a concussion, is caused by a blow or
jolt to the head that disrupts the function of the brain [7]. Academic studies con-
ducted have shown that many members of the U.S. Armed Forces in Iraq and
Afghanistan have sustained brain injuries from attacks with weapons such as
rocket propelled grenades, improvised explosive devices, and land mines [3].
Others have been involved in motor vehicle crashes or other trauma that resulted
in brain injuries. Mild TBI is difficult to diagnose in civilian practice and can be
hard to diagnose after a service member has returned home. Complaints after
sustaining a mild TBI, often referred to as post-concussion symptoms, include
headache, dizziness, nausea/vomiting, trouble in concentrating, memory pro-
blems, irritability, fatigue, ringing in the ears and sensitivity to noise and light. In
a small percentage of people, symptoms may persist for months or years [7]. 

The subject literature emphasises the importance of conducting a differential
diagnosis [1]. Attention is drawn to how a diagnosis of PTSD requires exposure
to an extreme stressor such as one that is life-threatening. It is pointed out that
any stressor can result in a diagnosis of a adjustment disorder and it is an appro-
priate diagnosis for a stressor and a symptom pattern that does not meet the criteria
for PTSD. If any of the symptom pattern is present before the stressor, another di-
agnosis is required, such as a brief psychotic disorder, drug-induced psychotic dis-
order, obsessive compulsive disorder for intrusive thoughts that are recurring but
not related to a specific traumatic event, a major depressive disorder, schizophrenia
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or other disorders with psychotic features such as psychotic disorders due to a ge -
neral medical condition. There also exists the necessity for a differentiation of ma-
lingering if a financial and/or legal advantage is a possibility [1,5,6,7].

BIOCHEMICAL RESEARCH 
Neurophysiological tests are linked to the fact that PTSD is viewed as a spe-

cific form of memory disturbance, in which the intrusive reconstruction of trau-
matic events is accompanied by an increased level of adrenalin, which may result
in a strengthening of memory traces. These patterns can persist long after the
event that triggered the fear, making an individual hyper-responsive to future
fearful situations [8,9]. During traumatic experiences the high levels of stress
hormones secreted suppress hypothalamic activity that may be a major factor
toward the development of PTSD [10,11]. 

Yehuda et al. [12,13] have observed that PTSD causes biochemical changes
in the brain and body, ones that differ from other psychiatric disorders such as
major depression. The authors suggested that individuals diagnosed with PTSD
respond more strongly to a dexamethasone suppression test than individuals
diagnosed with clinical depression. 

In addition researchers also conjecture that most people with PTSD also show
a low secretion of cortisol and high secretion of catecholamines in urine [14],
with a norepinephrine/cortisol ratio consequently higher than comparable non-
diagnosed individuals [15]. It should be pointed out that this is in contrast to the
normative fight-or-flight response, in which both catecholamine and cortisol levels
are elevated after exposure to a stressor [16].

Works may also be found in which it is shown that brain catecholamine levels
are high [17], and corticotropin-releasing factor (CRF) concentrations are high
[18,19]. However, it is worth emphasising that all this research suggests abnor-
mality in the hypothalamic-pituitary-adrenal (HPA) axis.

This was known earlier as Yehuda states [20,21], and which finds reflection
in the latest pieces of research [22], that the HPA axis is responsible for coordi-
nating the hormonal response to stress. Given the strong cortisol suppression
to dexamethasone in PTSD, HPA axis abnormalities are likely predicated on 
a strong negative feedback inhibition of cortisol, itself likely due to an increased
sensitivity of glucocorticoid receptors [23].

If we translate this reaction to human conditions it gives a pathophysiological
explanation for PTSD by a maladaptive learning pathway to fear response through
a hypersensitive, hyperreactive, and hyperresponsive HPA axis [24].

Research carried out into post-traumatic stress disorder amongst soldiers in-
volved in tours of duty in war zones shows that low cortisol levels may predispose
individuals to PTSD: a good example of which may be the research into Swedish
soldiers serving in Bosnia and Herzegovina with low pre-service salivary cortisol
levels, who had a higher risk of reacting with PTSD symptoms, following war
trauma, than soldiers with normal pre-service levels [25,26].
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One can find within academic articles from the field of neurobiology research
which suggests that people who suffer from PTSD have chronically low levels of
serotonin, which contributes to the commonly associated behavioral symptoms
such as anxiety, ruminations, irritability, aggression, suicidality, and impulsivity
[25,26]. Serotonin also contributes to the stabilization of glucocorticoid produc-
tion. Equally emphaised in these works is that an incorrect level of dopamine may
explain many of the symptoms that we note in patients with PTSD. Low levels of
dopamine can contribute to anhedonia, apathy, impaired attention, and motor
deficits. Increased levels of dopamine can cause psychosis, agitation, and res-
tlessness [27].

Olszewski and Varrasse [25] suggest that hyperresponsiveness in the nore-
pinephrine system can be caused by continued exposure to high levels of stress.
This is connected to the occurrence of flashbacks and nightmares frequently ex-
perienced by the patient with PTSD with an overactivation of norepinephrine re-
ceptors in the prefrontal cortex. A decrease in other norepinephrine functions
(awareness of the current environment) prevents the memory mechanisms in
the brain from processing that the experience, and emotions the person is ex-
periencing during a flashback are not associated with the current environment.

It is worth emphasising that within neuro-academic circles there still exist an
array of controversies and lively discussion as to the neurobiological basis of
PTSD. For there has still not been shown an unequivocal direct link between
cortisol levels and PTSD.

Yet one may conjecture, as Aardal-Eriksson et al. suggest [24], that the ma-
jority of reports indicate people with PTSD have elevated levels of the corticot-
ropin-releasing hormone, lower basal cortisol levels, and enhanced negative
feedback suppression of the HPA axis by dexamethasone [see also: 26,28].

For not without significance, as has been emphasised by Pąchalska, Kacz-
marek and Kropotov [27], is the fact that the lengthy ‘flooding’ of the hippocampus
neurons – simple in explanation for patients with PTSD, who have afterall often
experienced extremely stressful situations, with hormones such as cortisol may
result in the aforementioned changes in the brain structure (although this does
not exclude the earlier mentioned certain neurobiological predisposition, which
might equally have a significant influence on the appearance of PTSD within 
a given individual) [see also 26,27.28,29].

MORPHOLOGICAL AND FUNCTIONAL 

RESEARCH INTO PATIENTS WITH PTSD
In recent years numerous articles have appeared devoted to the neuroimag-

ing tests of patients with PTSD [28,29,30,3132,33,34] In this research the latest
neurotechnologies are used allowing for the measurement of changes: (1). struc-
tural ones (e.g., TK, MRI) enabling for a depiction of the brain’s structure, (2) he-
modynamic ones, reflecting the neuron activity in actual time (e.g., positron
emission tomography (PET), spectroscopy), as well as (3) electromagnetic
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changes (magnetoencephalography (MEG) and QEEG and the potentials con-
nected with an event, ERPs) allowing the measurement of neuron activity in mil-
liseconds. 

Neuroimaging studies in humans have revealed both morphological and func-
tional aspects of PTSD [28,29]. There exists an injury relationship: the prefrontal
cortex, amygdala, and hippocampus with PTSD. During high levels of stress the
hippocampus, which is associated with the ability to place memories in the cor-
rect context of space and time, and with the ability to recall these memories, is
suppressed. This suppression is hypothesized to be the cause of the flashbacks
that often affect people with PTSD. When someone with PTSD undergoes stimuli
similar to the traumatic event, the body perceives the event as occurring again be-
cause the memory was never properly recorded in the person’s memory [29,30].

Of great significance in the understanding of PTSD are tests into the event
related potentials (ERPs), which enable, among other things, the registering of
brain functioning in a given situation – for example in the process of responding
to presented stimuli, on a time scale of milliseconds [22,23]. The effect of this
research is an attempt to explain PTSD by means of a model supposing that the
significance of emotional memory is dependent on the amygdale. Adherents of
the amygdalocentric model of PTSD state that the amygdala has been shown to
be strongly involved in the formation of emotional memories, especially fear-re-
lated memories [28,29]. In addition they suggest that PTSD is associated with
the hyperarousal of the amygdala and insufficient top-down control by the medial
prefrontal cortex and the hippocampus in particular during extinction [31,33] 

Kropotov [28,29], on the basis of many years of ERPs research, claims that
the asolateral nucleus (BLA) of the amygdala is responsible for the comparison
and development of associations between unconditioned and conditioned re-
sponses to stimuli, which results in the fear conditioning present in PTSD. Ac-
cording to him the BLA activates the central nucleus (CeA) of the amygdala,
which elaborates the fear response. Descending inhibitory inputs from the medial
prefrontal cortex (mPFC) regulate the transmission from the BLA to the CeA,
which is hypothesized to play a role in the extinction of conditioned fear re-
sponses. 

Many authors working on the basis of morphological and functional brain tests
emphasise that in individuals with PTSD there may be observed disturbances in
the functioning of several areas of the limbic system regulating emotions and
memory as well as of the environs of the cortex functionally and anatomically
connected to these areas. These involve the destabilisation of the networks of
connections responsible for the correct course of cognitive functions (with special
consideration for memory), emotional function and behaviour as well as the form-
ing of the axical symptom of PTSD – flashbacks [29,30,31,32,33].

The aim of our research was a closer acquaintance with the mechanisms of
PTSD thanks to the presentation of a patient case study, in whom PTSD had de-
veloped severly, and from whom event related potentials (ERPs) were tested. 
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CASE STUDY
The patient, a 57-year-old man, a retired Polish Army lieutenant colonel, in

whom a strong case of PTSD had been diagnosed. Following the attack on the
World Trade Center, he saw two tours of duty at a military mission in Lebanon.
He worked as an assistant commander of a field hospital for six months and was
exposed to severe traumatic experiences amd the helplessness connected with
these. As an example he evacuated patients during an explosion, he witnessed
the death and mutilated body of his friend, as well as the deaths of several col-
leagues. He was slightly injured in the head during a dangerous exchange of
fire: a fragment of glass injured his head. He did not lose consciousness and the
wound was stitched, leaving a small scar on the scalp. However there occurred in
him symptoms which appear in Mild Traumatic Brain Injury, such as: headache,
dizziness, nausea/vomiting, trouble concentrating, memory problems, irritability,
fatigue, ringing in the ears and sensitivity to noise and light. These symptoms,
after around a year, almost completely disappeared. However, after several years
the patient’s condition started to drastically deteriorate and there appeared dis-
turbances in both psychic and psychophysical functioning, which were classified
as PTSD. Since 2010 he has been retired, although he continues to be treated
psychiatrically and neurologically. 

Ascertained during a comprehensive clinical diagnosis was the presence of
post-traumatic stree disorder in accordance with the DSM 5 criteria (cf. Tab. 1).

MR tests confirmed the cerebral-sub-cortical dystrophy. One may conjecture
that this is connected to the injury sustained. These are changes which may
moderate the PTSD imaging as a result of the overlapping of symptoms [30,33]. 

On MR images brain parenchymal atrophy was prominent in the regions of
the right medial prefrontal cortex, right hippocampus and right amygdala. In the
right temporal lobe also postraumatic gliosis was visible.

Two areas of the brain have been identified as altered in PTSD: amygdala
and hyppocampus. Combat veterans of the Vietnam war with PTSD showed 
a 20% reduction in the volume of their hyppocampus compared with veterans who
suffered no such symptoms. The hyppocampus is associated with the ability to
plays memories in the correct contest of space and time, and with the ability to re-
call the memory; during high stress times its activity in suppressed. This suppres-
sion in hypothesized to be the cause of the flashbacks that often plaugue PTSD
patientts. Amygdala has been shown to be strongly involved in the formation of
emotional fear-related memories; in PTSD it is associated with hyperarou sal [27].

Also conducted was a series of tests allowing for the elimination of the spec-
trum of schizophrenia and other psychotic disturbances, obsessive compulsive
disorder for intrusive thoughts that are recurring but not related to a specific trau-
matic event and malingering. The patient remains in retirement and there is no
problem with financial and/or legal advantage. Equally the patient does not fulfil
the criteria for dementia syndromes (VAD, FTD, Alzheimer) on the basis of
DSM5. 
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Table 1. The criteria (categories) and DSM 5 
Diagnostic criteria 309.81 (F43.10).
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The patient’s wife claims that he has serious problems with falling asleep and
staying asleep. His sleep, despite the taking of sleeping tablets, is too short and
light. He awakes several times in the night and shouts out or gives accounts of
various nightmares. The content of these suggests that sometimes these are
nightmares in the form of dreams though most frequently these are flashbacks.
There has also occurred a change in the manner by which he expresses emo-
tion. Before the illness he had been a warm, nice and sincere individual in social
contact. For the last three years he has become an emotionally cold person one
unable to express his feelings either in relation to his wife or family. He lacks any
will to do anything either at home or outside it. His behaviour means that he is
isolated from society. This state of affairs may be defined as ‘social death.’ 
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Fig. 1. Brain MRI, a. FLAIR T2 sequence, axial plane: hiperintensitivity of the brain tissue- signs of
gliosis (arrow), b. frFSET2 sequence, axial plane: predominant atrophy of the right Hyppocampus
(rH arrow) and right Amygdala (rA arrow)

Fig. 2. Brain MRI. a. FLAIR T2 sequence: axial plane: predominant atrophy of the right medial pref-
rontal cortex (mPFC arrow). b.  frFSET2 sequence, coronal plane: predominant atrophy of the right
medial prefrontal cortex (mPFC arrow)
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As a result of these symptoms he wife undertook the decision to have him
treated. Since June 2015 he has participated in individual cognitive, behavioural
and psycho therapy. Despite all of this his health continually deteriorates. 

Neuropsychological tests 

Neuropsychological tests were conducted twice: before the commencement
of therapy in June 2015 (Test 1) as well as half a year later i.e., in December
2015 (Test 2). While these tests were being conducted the patient displayed an-
xiety. Following the end of even the smallest little sub-test he would ask if it was
the end of proceedings. In addition there was observed smaller or greater anxiety
attacks (connected with the fact that his wife was not participating in the testing
or that he had forgotten his coat), panic attacks (chiefly connected with intrusive
recollections and/or flashbacks). Asked what it is that he sees he fails to reply,
extremely rarely does he talk about a traumatic situation (reproducing rather ele-
ments of the situation rather than its entirety) and he talks chaotically about
events from conflict situations in various parts of the world. A confrontation of
these accounts with the information possessed by his wife allows one to talk of
florid confabulations. In moments of the greatest disturbance he will look for
some object or other and when he has found it he will manipulate it in a compul-
sive way (e.g., he would turn the clock hands trying to set the date at the 17th of
December 2015, and when another date was shown he would start to turn the
winder again from the beginning going through the subsequent days of the month
several times) until the desired effect was achieved. Then he calms down and
may be examined further. After every instruction given he will repeat the state-
ment ‘I have remembered it and will carry it out.’ 

Table 2. presents the results of the neuropsychological tests. In Test 1 the
appearance of disturbances in cognitive and exectutive functions was confirmed.
Of especial note are the results obtained in the Wechsler Memory Test – III
(WMS-III) in which marked disturbances in selectivity and attention concentra-
tion, the dynamism of working memory and logical and verbal memory were ob-
served both in the testing directly after the presentation of material for memorisation
as equally after a 30-minute adjournment. This means that the patient is unable
to learn new material [cf. also 35]. In addition there were noted marked distur-
bances in the executive functions. In Test 2, conducted after a half-year of treat-
ment and psychotherapy, the results of the neuropsychological tests not only
failed to improve but in point of fact deteriorated significantly. The patient in prac-
tice was unable to do any test task for almost the entirety of the tested neuropsy-
chological parameters. This fact meant cognitive control underwent a marked

deterioration. 
In connection with the changes observed in MRI as well as the complaints of

the family over increasing impulsiveness, aggression and nocturia, the patient
was tested by means of the Frontal Behavioural Inventory [36,37]. This inventory,
in its authorised Polish version, comprises 24 questions enabling one to evaluate
disturbances in social behaviour. It encompasses also an evaluation of motor
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capabilities, linguistic abilities as well as alien hand syndrome. A four-degree
scale is used in the evaluation of results: 
0 – an absence in the appearance of behavioural disturbances,
1 – mild disturbance or its periodic appearance,
2 – moderate disturbances,
3 – serious disturbances, maintained almost all the time.

The inventory was completed by the patient’s wife. The questions were grouped
in accordance with the test authors’ suggestion, meaning: 
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1. Negative behaviour disturbances e.g.: apathy, aspontaneity, indifference,
thought rigidity, clarity, personal neglect, proneness to be distracted, lack of
attention, loss of insight, logopedia, verbal apraxia and alien hand syndrome. 

2. Positive behaviour disturbances e.g.: perservations, sensitivity, jokiness,
unpredictability, irresponsibility, inappropriateness, impulsiveness, euphoric
anxiety, aggression, hyperorality, hypersexuality, as well as non-retention of
urine, affected lack of restraint. 
The patient may be awarded, for the results obtained across the entire inven-

tory, a minimum of 0 points, with a maximum score of 72. The cut off point at
which there appear the traits of frontal lobe syndrome is 26.6 pts.

A comparison of the results obtained in Test 1 and Test 2 in the FBInv inven-
tory shows an increase in the features of frontal lobe syndrome in the area of
co-called positive behaviour disturbances, except perseverations, irritabi-

lity and hypersexuality (cf. Fig. 3).
Yet the results obtained during Test 1 were below the so-called cut-off line,

which means that frontal lobe syndrome did not occur. While in Test 2 the symp-
toms of aggressiveness, impulsiveness and anxiety increased. There was noted
an enforcement in irrational and inappropriate behaviour. The patient almost lost
compleley his ability for emotional control. In addition problems with urine reten-
tion appeared. The results obtained exceeded the so-called cut off point and for-
mulated mild frontal lobe syndrome. These features overlap into PTSD. 
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Neurophysiological testing 

Event Related Potentials, (ERPs)

A. Event related potentials, (ERPs) were utilised in the patient to evaluate the
functional state of the brain to uncover the PTSD neuromarker [27,28,29].
This approach was adopted for a number of reasons: 
1. ERPs have the highest level of definition (resolution) in time (on a scale of

micro seconds) when compared to other methods of imaging such as in
fMRI or PET (which have a resolution of 6 seconds and higher) [27]. 

2. ERPs are an important tool allowing for the discovery of PTSD neuromarkers 
3. They enable the discovery of p neuromarker PTSD [29]. 
4. As opposed to the measurement of the spontaneous oscillation EEG, ERP

reflect the stages of information flow in the brain [27,28,29, 38,39,40]. The
diagnostic strength of ERP was also enhanced by the recent appearance
of new analytical methods; such as (Independent Component Analysis,
ICA) and Low Resolution Electromagnetic Tomography (sLORETA) [27,
28,29,41]. 

The research employed a modified paradigm of two virtual stimulants GO /
NO GO (Fig. 4). Three categories of visual stimuli were chosen: 
• 20 various animal photos, referred to as ‘A;’ 
• 20 various plant photos, referred to as ‘P;’ 
• 20 different photos of various professions/occupations, presented together

with a ‘new’ artificial sound, referred to as H + Sound.’ 
All the visual stimuli were chosen so that they had a similar magnitude and

clarity. Randomly the ‘new’ sounds composed of five 20-ms fragments were loa-
ded with tones of various frequencies (500, 1000, 1500, 2000 and 2500 Hz). 
A new combination of sounds was used every time, whereby new sounds ap-
peared unexpectedly (the likelihood of their occurrence being 12.5%).

Four categories of stimuli were used (see Fig. 4): A-A, A-P, P-P i P - (H +
sound). The attempts were divided into four blocks, after one hundred attempts
for each of the blocks. In each block a unique set of five A stimuli were chosen, five
B, and 5 H stimuli. The patient practiced the tasks before the actual commence-
ment of the recording itself. 

During the test itself the patient sat up straight in an armchair, looking towards
the computer screen. His task was to click the right-hand side of the mouse in
response to all the AA pairs as quickly as at all possible and to refrain from clic-
king on seeing other pairs: A-P, P-P, P- (H + sound). 

In accordance with the test design two preparatory sets were distinguished:
the ‘continuation’ set, in which the stimulus A is presented as the first stimulus
when the patient will have prepared for the answer; and the ‘discontinuation’ set
wherein the stimulus P is presented as the first, yet the patient will not have to
prepare to answer. In the ‘continuation’ set the pairs A-A are deemed as ‘GO’ at-
tempts, while the pairs A-P as ‘NOGO’ attempts. 
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EEG was registered from 19 points on the patient’s scalp. The electrodes
were placed in accordance with the International 10-20 System. The referential
electrodes were attached to the ear. In the result analysis the mean for latency
in replies and the variations in replies between tests was calculated. Equally cal-
culated was the omission bias (a lack of GO reactions) and errors in a failure to
refrain (the absence of restraint in the NOGO reaction). 

BEHAVIOURAL DATA
The QEEG and ERPs tests were conducted on 07/11/2015. In Tab. 3. are to

be found the behavioural data from the visual control task completion [(Visual
Control PsyTask, VCPT 1-GRAV 56-60 [28].

Analysis of the data generated confirmed the ascertainment that the patient
in practice was unable to deal with task completion during the course of the Psy-
Task test (cf. Fig. 5). 
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Fig. 4. The schemati presentation of two stimuli in GO / NOGO tasks. From top to bottom: the tem-
poral dynamic of stimuli in four trail categories:  abbreviations: A (Animals), P (Plant), H (Human)
represent the respective categories. The GO attempts occur when the stimuli A-A require from the
patient the pressing of the button. The NOGO attempts signify the stimuli representing animals
and plants (A-P), which require the patient to retrain from the prepared action. The attempts GO
and NOGO represent the set ‘continuing’ the test in which patients have to prepare themselves for
action after the first appearance of the stimulus (A). Attempts of the ‘Ignore’ type refer to stimuli
presenting plants (P) which do not require preparation for action. Attempts of the ‘New’ type are
pairs that do not require any action whatsoever, with the presentation of the ‘new’ sound as a se-
cond stimulus. Attempts of the ‘Ignore’ and ‘New’ test type constitute ‘discontinuation’ sets, in which
the patient does not have to undertake any preparation following the first stimuli of the presentation.
The temporal divisions are presented at the bottom of the picture. The attempts are comprised of
a pair of stimuli at 1 second intervals. The time for the stimuli is 100 ms
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Tab. 3. Behavioural data from the visual control task completion [(Visual Control PsyTask, VCPT
1-GRAV 56-60 (38)]
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Of especial note is the fact that the EEG spectra can be evaluated with great
difficulty for there occurred in the patient a low-voltager subtype of rapid EEG.
In the testing of the event related potentials (ERPs) it was possible to identify
only a few replies, for the patient’s cortex is burdened and the brain almost does
not react not only to standard stimuli but even to new stimuli. Behaviour obser-
vation during the time of task completion allows one to state that the patient was
disturbed during the entire duration of the testing and there occurred from him
on several occasions chaotic utterances which point strongly to the presence of
a deep level of anxiety. Despite the fact that he understood the task he would
often, when he saw two animals on the monitor screen, click on both sides of
the mouse or would hold down the click for far too long registering with the said
‘I have remembered the task and completed it.’ These facts meant that there ap-
peared many artefacts in the EEG record. 

In order to help the patient overcome the problems that had occurred within
him, recommended was a calming of the brain through the use of programmes
designed to relax the body (e.g., classical massage) as well as neurofeedback
directed towards reducing the high beta. 
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Fig. 5. ERPs registered as a response to visual stimuli. P3 NOGO on the left side and P3 registered
for new stimuli in the right. The interrelation of the U curve after task completion is reversely pro-
portional to the cortex activity. The vertical axis is task realisation while the horizontal axis is brain
activation. Of note is the fact that there is an absence of alpha activity in the brain.Explanation:
Green = the patient; Dark blue = healthy individuals [referential data from the data bases at the
Human Brain Institute, (HBI in Switzerland)
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DISCUSSION
The patient, a 57-year-old, retired Polish Army lieutenant colonel, who had

seen active service twice in Lebanon, was diagnosed with Mild Traumatic Brain
Injury/Post-Traumatic Stress Disorder, in accordance with the DSM 5 criteria.
The neuropsychological tests confirmed an increasing degree of disturbance wit-
hin cognitive and emotional processes as well as behavioural disturbances. He
almost lost cognitive and emotional control. The factors conducive to such an
accentuation in the symptoms were structural and functional changes in the brain
(cerebral-sub-cortical dystrophy as well as destabilisation in the connections bet-
ween these structures) as well as the appearance of a rare low-voltage subtype
of rapid EEG. It is worth emphasising that individuals with such an EEG subtype
should never really be sent on difficult military missions, for in accordance with
the present state of knowledge it is much easier for there to develop within them
fear/anxiety as a state of being and the varied psychic disturbances related to
this, including the development of PTSD [27,28]. 

The neuropsychological and neurophysiological tests conducted including
neuroimaging of the functions of the brain by the method of MR, QEEG and
ERPs, have shown how important a reliable differential diagnosis based on evi-
dence based medicine is as well as on personal medicine. They allow one to un-
derstand the essences of the mechanism which lies at the core of the distur bances
appearing in the patient under observation. There was no reaction in the cogni-
tive tasks of the structures of the anterior cingulated cortex, which are involved
in the tranferance of information in the functional loops – particularly the frontal
lobal: cerebral-sub cortical – as well as in the process of arousing other cerebral
areas, and in particular the frontal planes [43,43]. The frontal planes are charac-
terised by a markedly reduced ability to monitor activities, including a lack of con-
trol and retraint in stimulations stemming from the sub-cortical parts of the brain
to the cortex. A weakening in the functioning of these structures and the functio-
nal loops results in a loss in cortical control over the sub-cortical structures

connected with emotional processes and memory. As a result of this emotional
processes dominate over cognitive processes and in this situation the patient’s
brain is not able, for example, to reconstruct events in serial order [43], which
means as a consequence that the patient’s utterances are chaotic. And in addition
he does not even really react to new stimuli and consequently does not remember
new events and information. Therefore he constantly reconstructs intrusive recol-
lections of traumas, which circulate in the buffer working memory. 

The disturbances occurring in our patient may explain the model of restraint
in cortex activity connected with the impulses flowing from the sub-cortical struc-
tures (Fig. 6). When there occurs a loss in cerebral-subcortical structures and
the destabilisation of neuron connections between these structures associated
with this (as is the case in the patient examined by us) there occurs a desyn-
chronisation of activation within the central sulcus [28,45].
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As a consequence of such a structural and functional organisation it is easy
to understand the wealth of clinical symptoms occurring in the patient, with par-
ticular consideration being given to cognitive, emotional disturbances and dis-
turbances in behaviour (cf. Fig. 7). 

It is worth adding that as a result of the joint occurrence of symptoms of frontal
lobe syndrome with those of PTSD the patient lost not only cognitive control but
also emotional control something equally observed by Hannah et al. [45] in diag -
nosing similar cases. He is unable to control his experiences, or the intrusive
recollections of trauma, he is unable to critically tackle and work on those nega-
tive emotional reactions occurring in him. First and foremost he possesses a lim-
ited sense of reflection on events, he is unable to distance himself from these
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Fig. 7. Mild Traumatic Brain Injury (TBI) with symptoms of PTSD

Fig. 6. Model of restraint in cortex activity connected with the impulses flowing from the sub-cortical
structures.
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incidents and with the same return to a state of ‘normal’ functioning. In this way
thanks to the constant maintaining of stimulations within the discussed connec-
tions loop the events to some extent have been build permenantly into his per-
ception of reality and experience of emotion [46].

In summing up it follows to emphasise that our application of new neuro-
technologies in the diagnosis of the patient’s brain functioning as well as the
close cooperation of a neurologist, neuropsychologist and neurophysiologist tur-
ned out to be highly useful in understanding the mechanisms lying at the basis
of the joint occurrence of Mild Traumatic Brain Injury/ PTSD [45,46]. 

The results obtained are invaluable from the cognitive point of view for they
explain why psychosocial events may generate certain changes in the functional
structure of the brain. If there occurs an additional factor in the form of Mild Trau-
matic Brain Injury these changes may be large and the patient may lose their
ability for cognitive and emotional control, as was the case with our patient. A fa-
vourable factor may be the appearance of rare, low-voltage rapid EEG (Kropotov
2009). These have equally a practical significance, confirming: 

The purposefulness of differential diagnostics through the use of new neu-
rotechnologies, including ERPs, which lead to a better understanding of the
mechanisms of the symptoms of Mild Traumatic Brain Injury/Post-Traumatic
Stress Disorder, and therefore to the development of more effective programmes
of therapy for soldiers taking part in armed conflicts, in whom the mentioned dis-
turbances have occurred. 

The necessity to test soldiers sent on difficult military missions through the
help of QEEG/ ERPs methodology allowing to screen out individuals with the
above mentioned EEG profile. 

This would reduce what is already an excessively large number of cases of
PTSD in soldiers taking part in armed conflicts and in difficult military missions. 

CONCLUSIONS
The carrying out on the patient of ERPs made it possible to understand the

brain mechanisms lying at the basis of the overlapping symptoms of Mild Trau-
matic Brain Injury/Post-Traumatic Stress Disorder. The appearance of low-voltage,
rapid EEG may possibly be a factor favouring the development of PTSD, particu-
larly in patients who have experienced Mild Traumatic Brain Injury. The results ob-
tained illustrate the need to exclude/eradicate low-voltage EEG in soldiers
despatched to conflict regions. 

REFERENCES
1. American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental Disor-

ders (5th ed.). Arlington, VA: American Psychiatric Publishing. pp. 271–280. ISBN 978-0-89042-
555-8.

2. Mortality and Burden of Disease Estimates for WHO Member States: Persons, all ages
(2004)” (xls). World Health Organization. 2004. Retrieved 2009-11-12.

3. Mintz, S. (2007). „The War’s Costs”. Digital History. Archived fromthe original on 2003-09-07.

Półrola et al. Mild Traumatic Brain Injury/Post-Traumatic Stress Disorder

88

120 Polrola Paweł1:Layout 1  2016-06-10  11:20  Strona 20



4. Meade, Barbara J.; Glenn, Margaret K.; Wirth, Oliver (March 29, 2013). „Mission Critical: Getting
Vets With PTSD Back to Work”.NIOSH: Workplace Safety and Health (Medscape & NIOSH).

5. Cesur R, Sabia J.J, Tekin E., The Psychological Costs of War: Military Combat and Mental
Health IZA DP No. 5615 April 2011. 

6. Spoont M., Arbisi P., Fu S; Greer N, Kehle-Forbes S., Meis L., Rutks I. (January 2013). „Screen-
ing for Post-Traumatic Stress Disorder (PTSD) in Primary Care: A Systematic Review”. Was -
hington DC: Department of Veterans Affairs. PMID 23487872. Lay summary – Pubmed Health.

7. Petchprapai N, Winkelman C (2007). „Mild traumatic brain injury: determinants and subsequent
quality of life. A review of the literature”. Journal of Neuroscience Nursing 39 (5): 260–72. 

8. Kaplan, H. I.; Sadock, B. J. (1994). Grebb, J. A., ed. Kaplan and Sadock’s synopsis of psychiatry:
Behavioral sciences, clinical psychiatry(7th ed.). Baltimore: Williams & Williams. pp. 606–609.

9. Rothschild, B. (2000). The Body Remembers: The Psychophysiology of Trauma and Trauma
Treatment. New York: W.W. Norton & Company. ISBN 0-393-70327-4

10. Zoladz, P. Current status on behavioral and biological markers of PTSD: A search for clarity in 
a conflicting literature”. Neuroscience and Biobehavioral Reviews 37 (5): 860–895.doi:10.1016/
j.neubiorev.2013.03.024.

11. Zohar J, Juven-Wetzler A, Myers V, and Fostic L. (2008). „Post-Traumatic stress disorder: Facts
and Fiction”. Current opinion in psychiatry 21 (1): 70–101. doi:10.1097/YCO.0b013e3282f269ee.

12. Yehuda R, Halligan SL, Grossman R, Golier JA, Wong C (2002). „The cortisol and glucocorti-
coid receptor response to low dose dexamethasone administration in aging combat veterans
and holocaust survivors with and without posttraumatic stress disorder”. Biol Psychiatry 52 (5):
393–403. doi:10.1016/S0006-3223(02)01357-4.

13. Yehuda R, Halligan SL, Golier JA, Grossman R, Bierer LM (2004). „Effects of trauma exposure
on the cortisol response to dexamethasone administration in PTSD and major depressive dis-
order”.Psychoneuroendocrinology 29 (3): 389–404. doi:10.1016/S0306-4530(03)00052-0.

14. Heim C, Ehlert U, Hellhammer DH (2000). „The potential role of hypocorticolism in the patho-
physiology of stress-related bodily disorders”. Psychoneuroendocrinology 25 (1): 1–35.doi:
10.1016/ S0306-4530(99)00035-9.

15. Mason JW, Giller EL, Kosten TR, Harkness L (1988). „Elevation of urinary norepinephrine/cor-
tisol ratio in posttraumatic stress disorder”. J Nerv Ment Dis 176 (8): 498–502. doi:10.1097/
00005053-198808000-00008.

16. Bohnen N, Nicolson N, Sulon J, Jolles J (1991). „Coping style, trait anxiety and cortisol reactivity
during mental stress”. J Psychosom Res35 (2–3): 141–7. doi:10.1016/0022-3999(91)90068-Y.

17. Geracioti TD, Baker DG, Ekhator NN, West SA, Hill KK, Bruce AB, Schmidt D, Rounds-Kugler
B, Yehuda R, Keck PE, Kasckow JW (2001). „CSF norepinephrine concentrations in posttrau-
matic stress disorder”.Am J Psychiatry 158 (8): 1227–30. doi:10.1176/appi.ajp.158.8.1227.

18. Sautter FJ, Bissette G, Wiley J, Manguno-Mire G, Schoenbachler B, Myers L, Johnson JE,
Cerbone A, Malaspina D (December 2003). „Corticotropin-releasing factor in posttraumatic
stress disorder (PTSD) with secondary psychotic symptoms, nonpsychotic PTSD, and healthy
control subjects”. Biol. Psychiatry 54 (12): 1382–8. doi:10.1016/S0006-3223(03)00571-7.

19. de Kloet CS, Vermetten E, Geuze E, Lentjes EG, Heijnen CJ, Stalla GK, Westenberg HG
(2008). „Elevated plasma corticotrophin-releasing hormone levels in veterans with posttrau-
matic stress disorder”. Prog. Brain Res. Progress in Brain Research 167: 287–91.doi:10.1016/
S0079-6123(07)67025-3. ISBN 978-0-444-53140-7..

20. Yehuda R (2001). „Biology of posttraumatic stress disorder”. J Clin Psychiatry. 62. Suppl 17: 41–6.
21. Yehuda R (2002). „Clinical relevance of biologic findings in PTSD”.Psychiatr Q 73 (2): 123–

33. doi:10.1023/A:1015055711424.PMID 12025720.
22. Skelton K, Ressler KJ, Norrholm SD, Jovanovic T, Bradley-Davino B (2012). „PTSD and gene

variants: New pathways and new thinking”. Neuropharmacology 62 (2): 628–637.doi: 10.1016/
j.neuropharm.2011.02.013. PMC 3136568.PMID 21356219.

23. Koenen KC, Moffitt TE, Poulton R, Martin J, Caspi A (February 2007). „Early childhood factors
associated with the development of post-traumatic stress disorder: results from a longitudinal
birth cohort”. Psychol Med 37 (2): 181–92.doi:10.1017/S0033291706009019. 

Półrola et al. Mild Traumatic Brain Injury/Post-Traumatic Stress Disorder

89

120 Polrola Paweł1:Layout 1  2016-06-10  11:20  Strona 21



24. Aardal-Eriksson E, Eriksson TE, Thorell LH (2001). „Salivary cortisol, posttraumatic stress
symptoms, and general health in the acute phase and during 9-month follow-up”. Biol. Psy-
chiatry 50 (12): 986–93.doi:10.1016/S0006-3223(01)01253-7.

25. Olszewski TM, Varrasse JF (2005). „The neurobiology of PTSD: implications for nurses”. Jour -
nal of Psychosocial Nursing and Mental Health Services 43 (6): 40–7. 

26. Lindley SE, Carlson EB, Benoit M (2004). „Basal and dexamethasone suppressed salivary cor-
tisol concentrations in a community sample of patients with posttraumatic stress disorder”. Biol.
Psychiatry 55 (9): 940–5. doi:10.1016/j.biopsych.2003.12.021.

27. Pąchalska M., Kaczmarek B.L.J., Kropotov J.D. Neuropsychologia kliniczna: od teorii do prak-
tyki. Warszawa: Wydawnictwo Naukowe PWN, 2014.

28. Kropotov J.D.: Quantitative EEG, event related potentials and neurotherapy. San Diego: Aca-
demic Press, Elsevier.2009.

29. Kropotov J.D. Functional neurmarkers for psychiatry. San Diego: Academic Press, Elsevier. 2016.
30. Jatzko A, Rothenhöfer S, Schmitt A, Gaser C, Demirakca T, Weber-Fahr W, Wessa M, Mag-

notta V, Braus DF (2006). „Hippocampal volume in chronic posttraumatic stress disorder
(PTSD): MRI study using two different evaluation methods” (PDF). Journal of Affective Disor-
ders 94 (1–3): 121–126. doi:10.1016/j.jad.2006.03.010.

31. Sundin J., Fear NT, Iversen A, Rona RJ, Wessely S. PTSD after deployment to Iraq: conflicting
rates, conflicting claims. Psychol Med. 2010; 40(3):367-82.

32. Javanbakht A., Liberzon I., Amirsadri A., Gjini K., Boutros NN., Event-related potential studies
of post-traumatic stress disorder: a critical review and synthesis. Biol Mood Anxiety Disord.
2011 Oct 12;1(1):5. 

33. Milad MR, Pitman RK, Ellis CB, Gold AL, Shin LM, Lasko NB, Zeidan MA, Handwerger K, Orr
SP, Rauch SL (2009). „Neurobiological basis of failure to recall extinction memory in posttrau-
matic stress disorder”. Biol Psychiatry 66 (12): 1075–82.

34. Stein MB, Paulus MP (2009). „Imbalance of approach and avoidance: the yin and yang of anx-
iety disorders”. Biol Psychiatry 66 (12): 1072–4. doi:10.1016/j.biopsych.2009.09.023.

35. Misterska E., Głowacki M. Zaburzenia pamięci u chorych z zespołem stresu pourazowego –
wybrane zagadnienia. 2013; 6, 2 (19): 211-217. Przegląd Naukowo-Metodyczny „Edukacja dla
Bezpieczeństwa.

36. Pąchalska M., MacQueen, B.D. (2002). Kwestionariusz Zachowań Osoby z Zespołem Czo -
łowym – autoryzowana polska wersja “Frontal Behavioural Inventory” A. Kertesza i wsp. 1998:
Ortopedia Traumatologia Rehabilitacja 4(1) s. 81-87.

37. Kertesz A., Nadkarni N., Davidson W. Thomas A.W. (2000). The frontal behavioral inventory in
the differential diagnosis of frontotemporal dementia. Journal of the International Neuropsy-
chological Society, 6(4): 460–468.

38. Kropotov JD, Grin-Yatsenko VA, Ponomarev VA et al: ERPs correlates of EEG relative beta
training in ADHD children. Int J Psychophysiol, 2005; 55(1): 23–34.

39. Kropotov J.D., Mueller A. What can event related potentials contribute to neuropsychology.
Acta Neuropsychologica, 2009;7(3): 169–181.

40. Kropotov J.D., Mueller A. Neurophysiological Basis of Microgenesis theory: Stages of visual
information flow as reflected in functionally defined components of event related potentials is
man. Acta Neuropsychologica, 2012:10(1): 25–33.

41. Monastra, V. J., Lubar, J. F., Linden, M., VanDeusen, P., Green, G., Wing, W., & Fenger, T. N:
Assessing attention deficit hyperactivity disorder via quantitative electroencephalography: An
initial validation study. Neuropsychology, 1999; 13, 424-433.

42. Bremner J. D. Scott T.M., Delaney R.C., Southwick S.M., Mason J.W., Johnson D.R., Innis
R.B., Mc Carthy G., Charney D.S., Deficits in short-term memory in posttraumatic stress dis-
order. American Journal of Psychiatry 1993, 150, 1015-1019.

43. Brown, J. W: Simultaneity and serial order. Journal of Consciousness Studies, 2010: 17, 7-40.
44. Hamner M. B., Lorbeumbaum J. P., George M. S.: Potential role of the anteriorcingulate cortex

in PTSD: Review of hypothesis. Depression and Anxiety 1999, 9, 1-14.

Półrola et al. Mild Traumatic Brain Injury/Post-Traumatic Stress Disorder

90

120 Polrola Paweł1:Layout 1  2016-06-10  11:20  Strona 22



45. Hannah L. Combs, David T. R. Berry, Pape T., Babcock-Parziale J., Smith B., Schleenbaker
R.,, Shandera-Ochsner A., Harp J.P., High W.M, Jr. The Effects of Mild Traumatic Brain Injury,
Post-Traumatic Stress Disorder, and Combined Mild Traumatic Brain Injury/Post-Traumatic
Stress Disorder on Returning Veterans. J Neurotrauma. 2015 July 1; 32(13): 956–966. doi:
10.1089/ neu.2014.3585.

46. Horner M. D., Hamner M. B.: Neurocognitive functioning in posttraumatic stress disorder.
Neuro psychology Review 2002, 12, No.1.

Address for correspondence:

Prof. Maria Pachalska, PhD.
Chair of Neuropsychology
Andrzej Frycz Modrzewski Krakow University,
Andrzeja Herlinga-Grudzińskiego 1
30-750 Krakow, Poland
e-mail: neuropsychologia23@o2.pl

Półrola et al. Mild Traumatic Brain Injury/Post-Traumatic Stress Disorder

91

120 Polrola Paweł1:Layout 1  2016-06-10  11:20  Strona 23



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


