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SUMMARY

EEG SIGNAL ANALYSIS IN CONVERSION DISORDER PATIENTS

Zeynep AKTEMUR

Biomedical Engineering Programme
MSc Thesis

Advisor: Assist. Prof. Dr. Saime AKDEMIR AKAR

In this thesis the signals were compared conversion disorder patients and healthy
control group by receiving electrophysiological (EEG signals) parameters during
auditory stimuli. Brain signals received from volunteers with consent obtained
permission by using EEG Brain Vision V-Amp device. Signals were recieved 6 brain
region these were Frontal, Central and Parietal right and left symmetry lobes. While
signals were collecting the auditory stimuli was listened. This auditory stimulus was 10
minutes and it was formed 2 minutes silence, 2 minutes ambulance siren, 2 minutes
silence, 2 minutes relaxation music and 2 minutes silence.

These EEG signals were divided subbands on MATLAB with Discrete Wavelet
Transform and all bands were evaluated with engineering method that was Shannon
Entropy. This process results in waves converted to digital data. These results were
compared with a statistical program that was SPSS Statistics 22.Version. Independent
Sample t Test was used for compare two groups (conversion disorder patients and
healthy control group) and also Paired sample t test used for separately in each group
and they were analyzed using the effect created by successive stimuli. Some of the
bands were obtained significant decomposition; results were rejected in some bands.

Keywords: Conversion Disorder, EEG, Discrete Wavelet Transform, Shannon Entropy.

FATIH UNIVERSITY - INSTITUTE OF BIOMEDICAL ENGINEERING

XVii



OZET

KONVERSIYON BOZUKLUGU HASTALARINDA EEG SINYAL ANALIZi

Zeynep AKTEMUR

Biyomedikal Miihendisligi Programi
Yiksek Lisans Tezi

Danigman: Assist. Prof. Dr. Saime AKDEMIR AKAR

Bu calismada, konversiyon bozuklugu hastalar ile saglikli kontrol gruplarinda isitsel
uyaranlar kullanarak ve bu uyaranlarin beyinde olusturdugu dalgalarin elektrofizyolojik
(EEG) parametreler ile iliskilendrilip karsilastirilmasi saglanmistir. Goniilli onam
formu ile izinleri alinmig goniillillerden alinan beyin sinyalleri Brain Vision V-Amp
EEG cihazi kullanilarak kaydedilmistir. Sinyaller beynin 6 bolgesinden alinmistir. Bu
bolgeler, Frontal, Cental ve Parietal sag ve sol simetrik loblardir. Sinyaller
kaydedilirken kisilere sesli uyaran dinletilmistir. Bu uyaran 10 dakikadan olusmaktadir
ve igeriginde 2 dakika sessizlik, 2 dakika ambulans sireni, 2 dakika sessizlik, 2 dakika
rahatlatici miizik ve 2 dakika sessizlik vardir.

Alman EEG sinyalleri MATLAB programinda Ayrik Dalgacik Doniisimi ile alt
bantlrina ayrilmistir. Tim bantlarda Shannon Entropy degerlerine bakilmistir. Bu
islemler sonucunda dalgalar sayisal verilere doniistiiriilmustiir. Elde edilen sonuglar
SPSS  Statistics22.Versiyon programi kullanilarak karsilastirilmigtir.  Bagimsiz
Orneklem t Testi kullamilarak iki grubun degerleri karsilastirilirken, Eslestirilmis
Orneklem t Testi kullanilarak her bir grupta ayr1 ayr1 olmak iizere ardigik uyaranlarin
olusturdugu etkiye bakilmistir. Baz1 bantlarda anlamli ayrismalar elde edilirken, bazi
bantlarda hipotez reddedilmistir.

Anahtar kelimeler: Konversiyon Bozuklugu, EEG, Ayrik Dalgacik Doniigiimii,
Shannon Entropy.
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CHAPTER 1

1. INTRODUCTION

1.1  Purpose of the Thesis

The aim of our study was investigating distinctive features between conversion disorder
patients and controls based on EEG signals with the help of advanced engineering
methods. Experts mostly are grading with different scores, so it causes a problem to
decide about disorder for the conversion disorder patients. In this study, the goal is to
research electrophysiological methods to diagnose conversion disorder. This study will
help to understand the degree and treatment of conversion disorder in clinical research.

1.2 Thesis Overview

Chapter 1 consists of informations about purpose of thesis and thesis overwiev to
understand which subjects are included in the thesis. Chapter 2 includes informations
that consist of mental illnesses, somatoform disorders and conversion disorder. Also
there are some information about conversion disorder features, history of disease,

epidemiology, diagnosis and treatment.

In chapter 3, the forming operation and collecting and processing data for the
experiments, Also a device that has been wused during the experiment,
electroencephalogram and engineering methods (Shannon entropy, Discrete Wavelet
transform etc.) that were used are also described in this chapter. The results of the
experiment are given in Chapter 4. Results that were obtained by applying engineering
methods are shown using tables and graphs. Also results of statistical analysis are
shown with tables and the discussion part of this thesis is given in Chapter 5. These all

periods are shown on Table 1.1.



Table 1.1 A block diagram of experiment

\Volunteer selection
Patient group Healthy group

Data acqusition
Auditory stimuli Electroencephalogram

Signal processing
MATLAB

Signal Analysis
Wavelet Transform Shannon Entropy

Statistical Analysis

Independent t test Paired Sample t test




CHAPTER 2

2.1  Mental IlInesses

Mental illnesses are common characteristics of our urban societies according to
epidemiological studies conducted in Europe and in the United States. Their frequency
is guessed at almost one fourth of the general population in most countries. It means
that one of four people is expected to report sufficient criteria to be diagnosed with a
form of mental illness at some point in his/her life [1].

Diagnosis of people with mental illness and being excluded from the society is as old as
history of humanity. As symptoms of mental illness were insoluble and intangible
during the ages of illiteracy of history of humanity; it causes people to be seized with
fear [2].

Hollingshead and Redlich' introduced the concept of "lay appraisal™ to show that, long
before mental health professionals may become involved, people such as family,
friends, coworkers, police, and, the person himself or herself appraise the early signs
ofmental disorders and make decisions about what (if anything) should be done. Others

have provided vivid evidence regarding cultural stereotypes [3].

Mentally ill patients are sensed as irresponsible, unable to control themselves,
irremediably lost for the society, dangerous or a subject of mercy and compassion. They

are viewed as living in their own mysterious and isolated worlds [1].

2.2 Somatoform Disorder

Psychiatric disorders are common in general practice and the general practitioner has an
axial role in the recognition and subsequent treatment of mentall illnesses. Although
psychiatric attention tends to focus on anxiety and depressive disorders, these disorders
are not the most common in general practice. A currency somatoform disorders (SD)
are reported as high as 30.3% by Fink et al. The comorbidity of SDs with anxiety and

depressive disorders is high and the burden off ilness may be significant [4].



The SDs category was introduced into DSM-III [5] in 1980. It summarizes conditions
which are characterized by medically unexplained symptoms and substantial functional
impairment. Since then, as revised diagnostic algorithms ‘multisomatoform disorder’
[6] ,‘abridged somatization disorder’ [7] or ‘polysymptomatic SD’ as has been

suggested [8].

In the current International Classification of Diseases (ICD-10; World Health
Organization, 1992), hysteria (Conversion Disorder) is classified as a “Dissociative
Disorder,” whereas the Diagnostic and Statistical Manual of Mental Disorders (DSM-
IV; American Psychiatric Association, 1994) defines the same phenomena as a

“Somatoform Disorder” [9].

It is considerable to note that there is no small number of patients who come to
psychiatrists with somatic complaints but the much larger number who are seen by all
types of doctors with somatic symptoms that can not be explained by general medical
conditions [10]. SDs are characterized by the existence of multiple somatic symptoms.
While the accuracy of perceiving bodily signal (interoceptive awareness) is only rarely
investigated in SDs, recent research has associated autonomic imbalance with cognitive
and emotional difficulties in stress-related diseases [11]. SDs are an important
determinant of the use of medical care, but their impact on the use of independent
somatization patients are often difficult to determine because of psychiatric and medical

association [12].

For the diagnosis of SDs cause the exclusion of somatic (SMD) is required for, there is
very little information on the prevalence of such disorders in the community [13].
Patients with SDs may have difficulties coping with stress defenseless against stress
[14].

Somatoform
disorder
|
[ | | I |
Somatization . - Body . Conversion
. Hypochondriasis Pain disorder dysmorphic .
disorder disorder disorder

Figure 2.1 Subtypes of Somatoform disorder



2.3 Conversion Disorder

Conversion disorder (hysteria) is a psychiatric condition. Patients have medically
unexplained neurological symptoms [15]. The term conversion disorder (CD) reflects an
unconscious psychological conflictis “converted” into symbolic somatic symptoms. It
reduces anxiety and shielding the conscious self from a painful emotion [16]. Symptoms
are diagnosed approximately one third of patients with CD [17].

In general, patients with pseudoseizures [18] and somatization disorder [19] and in CD
patients in general [20]. Sexual abuse and dissociation are independently related with
several indicators of mental health disturbance. They include risk-taking behavior such

as suicidality, self-mutilation, and sexual aggression [21].

CD is not equivalent to malingering. Their symptoms and motivation are conscious, nor
to factitious disorder, whose symptoms are conscious but in which motivation is

unconscious [22].

Although long dominant, now the conversion hypothesis is only one of many competing
etiological hypotheses. It has little corroborative empirical evidence. The reasons of

these symptoms are psychological but they may be incorrect [23].

CD has some problem. It is not explained how physiological symptoms could become
such a burden. Diagnosis of hysterical paralysis is hard. For example, it could be the
amplification of any ‘normal’ symptom, when what it appears to be is physical

dysfunction de novo [24].

Subconscious psychological factors are judged to be associated with the symptom in the
DSM 1V criteria. Temporal relation between a psychosocial stressor or psychological
conflict, and initiation or exacerbation of a symptom cause these symtoms [25]. CD has
unexplained physical symptoms. Conversion symptoms (CS) are not important only for
psychiatrists. This is also important for internists and neurologists. It is occupying a
vital place in differential diagnostic procedures, consultation—liaison psychiatry, and in
medical-surgical settings [26]. People can not understand of the mechanism how

psychological stress can “convert” into physical symptoms [27].



2.3.1 History of Conversion Disorder
CD is historically linked to the notion of hysteria [21]. Usually no one yet find
acceptable satisfactory definition "hysteria™; but usually it is claimed can be considered

when met with the disease [28].

The puzzle of hysteria, as it was previously known, had been documented for millennia
[29] but only began to assume its current form in the 19th century. Although physicians
as far back as Willis had previously taken a psychological view of hysteria [30] and
others had considered it to be malingering, the debate crystallised with the development
of post-mortem neuropathology whereby many other neurological disorders were found

to have distinct anatomical and cellular abnormalities [31].

Hysteria is a disease that like a puzzle which is previously documented thousands of
years [29] but it has reached current state in the 19th century. Some of that before
Willis, some doctors hysteria come up with a physiological reason [30] some of them
think about on malingnering, post-mortem neuropathological studies it was found that
evolves caused by different anatomical and cellular abnormalities associated with other
neurological disorders [31]. In the absence of pathological research Charcot use the
term ‘functional’ for the disease like CD and other diseases like migraine that can not be
proven, but to identify pathological disease that causes lesions dynamic bias 'functional’
used the term.

The natural image response is determined by Freud changed the topic with feigning as
the best explanation [32], despite a very long time to be permanent after the model of
Charcot's death.

Physiological theory of CD does not necessarily winners to Freud and Janet thought
middle of the 19th century and has increased at the end of the neurological causes.
Physiological theory of CD, does not necessarily winners to Freud and Janet thought,
middle of the 19th century and has increased at the end of the neurological causes [33]
and Janet that they prevailed. Pierre Janet, the best of argued the symptoms can be
explained by the decomposition of physiological reasons. He suggested that dissociation
could lead toproblems maintaining the normal conscious synthesis of experiences: “a
special moral weakness, consisting in the lack of power, on the part of the feeble
subject, to gather, to condense his psychological phenomena, and assimilate them to his

personality” [34].



Under some situations he proposed that, including trauma, a rogue ‘idea’, like that a
weak limb, could be fixed, and decomposed from the consciousness that was too weak
to exert control over it. Freud later remodeled his view to debate that these traumas
were only so debilitating because they stirred memories of childhood sexual abuse, and
then reduced the latter idea to tolerate of his theory of puerile sexuality.Although he
subsequently remodeled his view again, those early ideas of punch, conversion and

sexual abuse came to dominate post Freudian psychiatric models of hysteria [35].

The agreement of these models changed hysteria from neurological situations to

migraine into a purely psychiatric disorder.

During the 20th century even as psychiatrists noted its apparent disappearance from
their clinics they embraced the condition [36] (although its actual prevalence showed
little indicate of decline) [37]. Hysteria registered the diagnostic classification, with
terminology that embodied the dominant Freudian model conversion hysteria. In the last
of the century, as impetuous for biological psychiatry grew, in the UK in particular,
there were moves to a more neutral model. Sequential repetitions of the diagnostic
criteria became increasingly ‘agnostic’ in terms of a specific psychological model [38],
and the term dissociation, still in common use in psychological circles, re-entered the
denomination in ICD-10, describing ‘dissociative seizures’ and becoming a synonym in

‘dissociative (conversion) disorder’.

Doctors often have difficulty in the identification of CSs. This means that a lot of
studies indicate that the extent they affect misdiagnosed. The best known of this work
was published in 1965 by Slater. Working hysteria showing that the 33% luxury
misdiagnosed patients, showed that there is nothing more than a delusion, and

diagnostic pitfalls [39].

The nineteenth century was intimately rich in person-alities whose work gradually laid
the establishments for a true medical approximately to hysteria. In the nineteenth
century it was a question of causing various kind of epistemological break: i.e removing
the disease from a tradition of thought, still alive at that time although dating back to
Greek Antiquity, which indicated it as an tenderness of the uterus (etymologically

“‘hysteria’” comes from the Greek ustera, meaning matrix, uterus) [40].



2.3.2 Pathophysiology

Suppression is the main defense mechanism in CD, as reported by the close relation
between conversion conditions and traumatic events in the patient's past. Negative
connotations such as, fear, shame, and guilt or anger because of an impulse or a wish
that cannot be fulfilled is converted into physical expression according to Freud. So the
CS actually reflects a symbolic solution to the same unconscious psychological conflict.
Freud emphasizes the symbolic relation existing between the type of the CS and the
conflict. Primary and secondary gains are defined by Freud. An internal unconscious
defensive mechanism produces the primary gain + anxiety. It is converted into symbolic
physical symptoms, while the conflict remains limited within the unconscious, thus

resulting in reduction of the anxiety level [41].

The pathophysiology of somatic amplification is caused by the protracted effects of
stressors and cytokines on brain functions. It plays important role in the
pathophysiology of somatic amplification.

Sensitizing effects of cytokines is clearly demonstrated in the field of pain. Activated
glial cells in the spinal cord produce effect of proinflammatory mediators in which the

perception of pain is strongly amplified [42].

2.3.3 Epidemiology

According to the population type, the frequency of CD changes among different reports
from 11/100 000 to 300/100 000 [43, 44]. The annual incidence in Monroe county,
11/100 000 cases in Iceland during 1960+1969 compared New-York was 22/100 000
cases [45]. 1%+3% of outpatients with CD is in psychiatric clinics. A frequency of
10% found in a sample patients taken 3 years was decribed by Hafeiz [46], However, up

to 20% among patients referred to various evaluation procedures in reports [47].

5-15 % o f psychiatric consultations consists patients with CD in studies which are
reported. The ratio of female-to-male who has CD has ranged 2-to-1 up to 10-to-1. CD
is common diagnosed in adolescents and young adults, despite occurring at any age.
This illness is defined more frequently in individuals who live in rural areas, with less

education, with lower 1Q, and in military members exposed to combat [48].



2.3.4 Clinical presentation

The patients with CD might behave in a way known as la belle indifference’, a situation

in which the patient appears detached from the physical symptoms.

Subjects suffering from CD might behave in a way known as “la belle indifference’, a
situation in which the patient appears detached from the physical symptoms. If not, this
condition would have reasoned him great anxiety. Other presentations are the dramatic
of histrionic. The density of the disability usually defines activities of daily living.
Anxiety and tension stats, such as the death of a relative or a war situation often
aggravate the CS. Dependant behavior or adopt define the patient role during the course
of the disease. Dissociative disorder, depression, and personality disorders (especially

borderline anti-social and dependant accompanies psychological symptoms [44].
The doctor summarize in three points for the therapeutic process.

» make the diagnosis and be persuaded of it;

* announce the diagnosis to the patient;

« and help the patient to engage in psychotherapy

The first therapeutic step is to search for a physi-cal illness actively for for any
suspicion of CD. This is particularly true for patients in the emergency department since
the cultural and social plasticity hysteria. On the other hand, since the diagnosis of CD
is based on clear-cutpositive arguments, further researches toward a presumedorganic
disease can be seen as unnecessary, or ratherdeleterious. Firstly, physical illness’’should
be investigated before the diagnosis of CD. But the diagnosis of CD is identified in a
short time. Further diagnostic tests are not necessary.

Medical nomadism causes iatrogenic consequences particularly which are involved in
multiplicity of additional tests. For example, the case of a patient who has chronic chest
pain that presented with radiation-induced coronary artery disease due to multiple

coronary angiographies performed acutely in differenthospitals over many years [22].

2.3.5 Diagnosis

CD’s diagnosis is problematic. Doctors can separate conceptually and practically from
the disease neurological (organic) diseases, they assume a physiological disease, but to

understand how the disease is still difficult to leave the physiological mechanisms of



feigning [49]. The diagnosis is determined after ruling out organic components or other
psychogenic diagnosis [50]. The diagnosis process consists of the questioning of a
person's medical history, physical examination and the use of appropriate diagnostic

tools. CD's diagnostic criteria determine according to DSM-IV. They are [51];

e The formation of one or more symptoms or omissions of voluntary motor or
sensory function of neurological or other health problems,

e Psychological factors judged to be associated with symptoms or deficit because
the initiation or exacerbation of the symptoms or deficit is preceded by conflicts
or other stresses.

e The symptoms or omissions whether willingly or not contrived that producedas in
Factitious Disorder or Malingering).

e The symptoms or omissions, not be explained after an appropriate investigation
with a health problem, can not be connected directly to an agent, or if there is no
cultural pressure or experiences,

e The symptom or deficit causes clinically significant distress or impairment in
social, occupational, or other important areas of functioning or warrants medical
evaluation.

e The symptoms or omissions are not limited to pain or sexual dysfunction, the
purely somatization disorder along, and can not be explained by another mental
disorder.

The diagnosis is always momentary and provisory, on account of the time factor relative
until the appearance of organic evidence (as in systemic disease).

the significance is the fact that between 25 and 50% of patients diagnosed as
conversion, will instantly be diagnosed with an organic medical condition [52, 53].
There are no pathological findings in laboratory tests, supporting CD. On the other
hand, however, pathological findings will not necessarily rule out CD [54].

Extra tests, ie, imaging (X-ray, CT, and MRI) and electrophysiological studies
(electroencephalography, sensory and motor evoked potentials, and urodynamics) are
generally normal; however, entity of findings precious represents the clinical symptoms.
When a subject is recieved with paraplegia, normal reflexes and all control of
sphincters, a routine X-ray is su=cient, and the diagnosis is clinical. CT and MRI are
redundant, and are performed just as extra supporting evidence for the clinical diagnosis
[54, 55].
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2.35.1 A Case Report

There is a boy who is 10 years old. He is presented complaints of stiffness in body and
inability to flex knee joints. Body pain which is an occasional complaints for the last 2
months which was abated by body maasage. The body pain appeared one week and he
womited after breakfast. He didn’t go to the school and he slept for about 2 hours. He
woke with stiffness of body and inability to flex upper and lower limbs after 2 hours
sleeping. He went to hospital and he regained mobility of the upper limbs in there.
However, he was not able to bend his knees and walked with a stiff gait.

His mother said that when his son was sleeping, his limbs were not rigid and would be
flexed. The next morning he was able to walk and run. Every thing was normal. When
discharge was planned there was a recrudesce. He was moved the hospital, in
psychology department. Significant psychiatric or neurological disturbances didn’t
occur past history of person. Developmental history which was unremarkable was
reported. However, good prognostic indicators were defined for resolution of problems.
Dissociative motor disorder is defined in the clinical picture according to ICD 10 [56].
For treatment, he has five therapy sessions. Firstly, after unabling to flex his kness, the
child sits in the chair with his legs parallel to the ground and he was seen. While he was
walking, he dragged. The symptoms were defined. He exercised by slightly moving his
feet preceded by deep breathing. Some exercises were suggested to him and he was
moving his feet. The exercise was about 10- 15 minutes. After exercise, he could bend
his knees and sit in a normal position in a short time. The following morning, he was
able to bend his kness to right angels as suggested and he could walk less stiffly in the
second session. His parents should encourage him for free lifestyle. So they were
educated about this and the psychosomatic nature of his symptoms.

In third session, the next day he could flex his kness but he has pain in lower limbs.
These are reported. So he could not bend his knees fully. The next day, he was
asymptomatic. He was resuming his earlier routine by the fourth session.He was seen
once more after a period of one week during which improvement was maintained.
Follow up was maintained for 2 more sessions with the parents with a week’s interval in
between during which also improvement was maintained. Telephonic contact was
maintained upto 3 months during which he continued to be symptom free. The
diagnosis of CD, SD, and malingering are difficult for clinicians. Identification of these

patients, use of ppropriate and validated physical examination manoeuvres, and
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coordination of care may make easy the impetuous care of these patients in a cost
effective manner [57].

2.3.6 Treatment

The phenomenon of CD is complicated to understand. It has some functions of the

unconscious in the pathophysiology of this requirements [57, 58].

Patients can not go to the hospital to follow-up check for after psychiatric diagnosis.
Workup for diagnosis of CD quite quickly is available. In addition, it can be monitored
in parallel studies on the physical and psychological factors. Doctors avoid from
invasive diagnostic and therapeutic interpositions and giving the patient the imprint that
you feel there is nothing wrong with them.

e There is no specific drug treatment of CD, but the mood disorder associated
with CD or anxiety disorders maintenance to be carried out.
e Treatment of CD should be avoided from dependence-producing
psychotropic drugs.
e Physical therapy may be desirable for the diagnosis of CD. This can often
provide relief from ego-synotic patients [59, 60].
Another way for the treatment of CD disease is more available. Patients with past
moves towards the physical department, this situation has changed over time, and
patients have turned to rehabilitation department because of due to functional losses [61,
62]. There are no long term studies on these topics. The reference to treatment is
minimal, contradicting and vague, offering autosuggestion, placebo, and hypnosis as the
main treatments of choice. When the psychological intervention fails, inter-disciplinary
rehabilitation treatment becomes even more of an imperative [63]. Rehabilitation
therapy should be implement to patients as soon as possible [64]. There is necessity to
rule out neurological, orthopedic and other potential medical etiologies. The patients
must be screened and diagnosed, and to sideline those with suspected subjective

disorder, malingering, or where there is secondary gain [61].

2.4  Electroencephalogram

Electroencephalogram (EEG) is most widely used tools for imaging brain activity in
humans. First EEG is used over 80 years ago. This imaging technique is noninvasive

and it is an ideal for neuroimaging of brain. It is routinely used in clinical applications
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like other noninvasive neuroimaging techniques, such as functional magnetic resonance

imaging [65].

Brain waves are the oscillations of electrical potential in the brain. EEG is also
neurophysiological diagnostic tool for understanding these electrical waves in brain.
EEG is used as electrography of brain. It helps to provide information for the

physiological situtaion of patients. So it is responsible for treatment [66].

In our study, EEG data are collected from some of brain regions. These are determined
according to activation of the region during listening auditory stimuli. These regions
were determined as Left Frontal Lobe (F3), Central Lobe (C3), Parietal Lobe (P3) and
Right Frontal Lobe (F4), Central Lobe (C4), Parietal Lobe (P4). These points were

selected symetrically.

Figure 2.2 Locations of EEG scalp electrodes according to the international 10-20
system [67]

2.4.1 Delta, Alpha, Beta, Theta and Gamma Bands

The pure oscillations generally are not observed in brain regions.Brain regions do not
generally display pure oscillations. A combination of delta, theta, alpha, beta, and
gamma waves, generally ascribed to network operations in cortico-thalamic systems.
Fast Fourier transform was used to calculate the power spectrum to determine the
spectral characteristics of the artifact-free EEG data. The power spectrum was averaged
in epochs of 1,200 ms. It is corresponding to the volume TR, and over all EEG channels
[68].

In 1929, Hans Berger found EEG system. He measured a signal by small electrodes
which are connected the scalp. EEG is used to show development of congnitive
neuroscience and it is the longest history of all diagnostic technigues [69]. Brain waves
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are called according to frequency of bands. If the frequency is lower than 4 Hz, it is
called delta wave. If it is between 4 and 7 Hz, it is referred theta wave. The frequency of

beta band is between 16 and 31 Hz. Gama band’s frequency is bigger than 32 Hz [70].
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Figure 2.3 Brain wave samples with dominant frequencies belonging to beta, alpha,
theta, and delta band [70].

2.5 EEG and Conversion Disorder

In EEG studies, P300 component which is brain waves is focused in event-related
response [71]. A paradigm is designed by Lorenz and Colleagues. They recorded EEG
data during application electrical stimulation to patient’s hands. Patients were asked to
verbally report the awareness [72]. The P300 component of the event-related potential
was observed, when healty people were asked to feign lack of awareness of the
electrical stimulus on one side. It represented the processing of the stimulus and the
active withholding of a response. The same procedure was applied to patients with
sensory loss due to CD. There is no P300 response to stimulation of the affected limb.
This condition is the first evidence about CD that is neurophysiologically distinct from
feigning, but the evidence awaits replication. The amplitude P300 waves decreases in
patients with visual neglect due to parietal lobe lesions and there is a lengthening of

latency [73].
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2.6 fMRI and Conversion Disorder

The functional imaging that was first reported was applied on a female nurse who had
developed left-sided hysterical paralysis and paresthesia in 1995. Single-photon
emission computed tomography (SPECT) was conducted when her left median nerve
was stimulated, both while she was symptomatic and when she had recovered (6 weeks
later). The perfusion increased in the right frontal lobe. When her symptoms were

present, hypoperfusion in the right parietal region [74].

SPECT is applied to five patients with astasia—abasia. Resting cerebral blood flow was
measured in study of Yazici and Kostakoglu. Perfusion decreased in four patients in
their left temporal areas. But one patient has decreased perfusion in their left parietal
lobe compared with the right side [75]. However, the validity of these finding are
questioned by significant methodological issues. Most importantly, an adequate control
condition is not provided by the contralateral hemisphere, particularly as patients’
symptoms were bilateral. In addition, heterogeneous symptoms are observed in the
patients. Many patients had previous or current psychiatric conditions requiring

medication or electroconvulsive therapy (ECT).

In another study, five patients with medically unexplained visual loss meeting criteria
for CD with normal controls are compared by fMRI. The activation of patients reduced
in their visual cortex during visual stimulation. Patients has increased activation in their
left inferior frontal cortex, left insula, left corpus striatum, bilateral thalami, limbic
structures, midbrain, and the left posterior cingulate cortex. The networks activated in
these patients are similar to those that are activated in blindsight. The authors suggest

this may imply a shift towards implicit visual processing in hysterical blindness [76].
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CHAPTER 3

MATERIAL AND METHOD

3.1  Subjects

Totally 10 CD patients and 10 controls data were recorded by EEG. Patients’s and
controls data were taken from Bezmialem Vakif University Faculty of Medicine
Department of Psychiatry. The ethical approval was signed by Bezmialem Vakif
University Faculty of Medicine (Appendix E). 10 patients who are diagnosed with CD
according to DSM-IV criteria and they were diagnosed and evaluated by
Assist.Prof.Dr.Erdem Deveci. Ten age-matched control subjects were involved for this
study as shown Table 3.1. Patients consisted of 5 male and 5 female, controls consisted
of 4 male and 6 female people. Their age means are 26,3 / 30,1 as conversion/control
groups. Ratio of smokers and non-smokers of conversion group was 3/7 and control
group was 1/9. Volunteers signed concent form to participate this experiment
(Appendix A). Volunteers filled the questionnaire of sociodemographic characteristics
(Appendix B), Beck Anxiety Inventory (BAI) (Appendix C) and Beck Depression
Inventory (BDI) (Appendix D).

Table 3.1 Features of conversion and Control groups

Features Conversion disorder Control group
Number 10 10
5/5 4/6
Male/Female
30,1+6,2
Age (Mean+Std Deviation) 26,3+11,36
3/7 1/9

Smokers/ Nonsmokers
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Patients were selected accorcding some criterias;
Inclusion Criteria:

o Between 18 — 40 years old
e Diagnosed with PB according to DSM-IV

e Giving written, informed consen

Exclusion Criteria:
¢ Having any other mental disorders
¢ Having pathological, endocrinological, cardiovascular disorders
¢ Psychotropic medication usage
¢ Cardiovascular medication usage
e Having head trauma or other neurological disorder
e Having cardiac pacemaker or any device that affect cardiac autonomic function
e Having substance abuse disorders (including alcohol abuse)
e Having hearing loss
¢ Being pregnant or lactation period in females
¢ Epilepsy history about patient or among relatives
e If in the last 6 months treated patients with ECT
e Agent in the last one week from measurements with benzodiazepine drugs (DIAZEM,
VALIUM, XANAX, NERVIUM, ATIVAN, RIVOTRIL etc.) patients who received,

3.2 Procedure and Auditory Stimuli

The EEG signals were recorded between 9.00 AM and 17.00 PM. In order to get the good
quality data, quiet and illuminated room is provided at Bezmialem Hospital, Department of
Psychiatry.The hospital employees have adjusted a room for us to study that was silent.

External voices are prevented to get good quality data.

Fisrtly, the EEG procedure was applied to subjects who were quietly sitting on chair in
relaxed position and they close their eyes during process like Figure 3.1. Then, their heads
were measured with a meter. The middle-point was found and the cap was weared. The
nasion-anion ratio was considered. Later the points that are blank on the cap to put electrode
were cleaned with alcohol and the gel was squeezed. Also gel was squeezed to earlobe of the

patient to place reference electrode. The electrodes were placed on the cap on frontal (F3, F4),
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central (C3, C4), parietal (P3, P4) regions of brain. We placed electrodes according to 10-20
system as shown in Figure 3.2 and Figure 2.1.

Then the program of the V-Amp was opened on the computer as shown Figure 3.3. This
program is aid to see the impedances. If impedance is high it is showed with red colour, if
impedance is low it is showed with green colour. When all colours are green this means the
V-Amp procedure was ready. The earset was placed ear of volunteers to listen voices. The
procedure was explained for patient. They must be silent and out of action. Also they should
gulp as little as.After that the program and the Mp3 were started at the same time and control

the subjects during procedure.

Each subject was exposed to 10 minutes EEG registration. In our study, five channels which
are consist of 2 minutes periods. Figure 3.4 shows process of experiment. First period was
resting period with 2 minutes duration. It is labeled with R1. Second period is first auditory
stimuli period and lasted 2 minutes that are chosen as voice of an ambulance. It is labelled
with N. Third period is labelled R2 which is resting 2. It takes 2 minutes. Other one is M
period. It has relaxing music. Final period takes 2 minutes. It is labelled R3 which is resting 3

period.

listen voices. The procedure was explained for patient. They must be silent and out of action.
Also they should gulp as little as.After that the program and the Mp3 were started at the same

time and control the subjects during procedure.

Each subject was exposed to 10 minutes EEG registration. In our study, five channels which
are consist of 2 minutes periods. Figure 3.4 shows process of experiment. First period was
resting period with 2 minutes duration. It is labeled with R1. Second period is first auditory
stimuli period and lasted 2 minutes that are chosen as voice of an ambulance. It is labelled
with N. Third period is labelled R2 which is resting 2. It takes 2 minutes. Other one is M
period. It has relaxing music. Final period takes 2 minutes. It is labelled R3 which is resting 3

period.
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Figure 3.1 Eyes of subjects are closed Figure 3.2 Location of channels

during process application

Figure 3.3 V-Amp DC model of Brain Vision
Product [87]
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2 minutes
relaxation
music

Figure 3.4 Time process of the experiment

3.3  Signal Processing

Signal processing is used to analyze the EEG data. Data were collected with a 250 Hz
sampling rate. Before signal processing, an example of recorded data is shown Figure
3.5.
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Figure 3.5 The EEG signals which is recorded from healthy person
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3.3.1 Wavelet Transform

There is no information about time because of frequency-domain EEG data is based on
stationary sinusoidal functions that provide maximal frequency dissolution.
Approximation and detail components are defined by using wavelet decomposition
(WD) [77].

Wavelet based on the work of Ingrid Daubechies, is a concept of orthogonal wavelets
treasures a discrete wavelet transform (DWT) and characterized by a maximal number
of vanishing moments for some given support. For each wavelet type of this class, there
is a scaling function (called the father wavelet) which generates an orthogonal
multiresolution analysis. We used Shannon entropy in this study to indicate
irregularities of data. The Daubechies wavelet is used as a wavelet form. Data were
decomposed into sub-bands. (delta, alpha, beta, and theta) with WD at 4th level with
db3. These procedures were performed to differentiate patients and healthy groups.
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3.3.1.1 Discrete wavelet transform

The discretized continous wavelet transform (CWT) enables the estimation of the CWT
by computers because it is not a true discrete transform. In fact, the wavelet series is
simply a sampled version of the CWT, and the information it provides is highly
ridiculous as far as the reconstruction of the signal is influenced.This redundancy,

anyhow, demands a substantial amount of computation time and resources.

The DWT, on the other hand, offers sufficient knowledge both for analysis and
synthesis of the original signal, with a significant reduction in the computation time.
The DWT is enormous easier to implement when compared to the CWT. The main idea

is the same as it is in the CWT.

The CWT was computed by changing the scale of the analysis window, shifting the
window in time, multiplying by the signal, and integrating over all times. On the other
hand for analyzing signal filters of different cut off frequencies can use to at different
scales in the discrete case. The signal is passed through a series of high pass filters to
analyze the high frequencies, and it is passed through a series of low pass filters to

analyze the low frequencies [78].

The x[n] is the original signal. It is decomposed and h[n] and g[n] which are low pass
and high pass filter and | 2 denotes subsampling [79] in Figure 3.6. The f is showed at
each level as the bandwidth of the signal [80]. The basic principle of wavelet theory is

expressed in Gabor's paper in 1945 [81].
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Figure 3.6 Diagram of dividing subbands with Discrete Wavelet Transform

In discrete wavelet analysis, a multi-resolution description is used to decompose a given
signal x(t) into increasingly finer detail based on two sets of basis functions, the

wavelets and the scaling functions, as follows:

o0

X(t) = Z 2"0’2ajO (K)p(2Pt —Kk) + Z z Zj’zdj Ky (2't-K) j, (3.1)

i—io K
where functions ¢ (t) and  (t) are the basic scaling and mother wavelet, respectively.
In the above expansion, the first summation represents an approximation of x(t) based

on the scale index of j, while the second term adds more detail using larger j (finer
scales). The coefficients in this wavelet expansion are called the (DWT) of the signal

X(t).

3.3.2 Shannon Entropy

Shannon firstly introduced information-theoretic or simply informational entropy in
1948. 1t is now more frequently reffered to as Shannon Entropy (SE). Realizing that
when information was stated, obscurity was reduced or removed, he sought a measure
of uncertainty. The SE may be viewed as the hesitation of an observer who guesses the

nature of one outcome, or as the disorder of a system in which different formations can
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be found. This measure is not consider meaning or value, it only consider about the

possibility of occurence of an event. Entropy concept's main limitation is that.

Let a be a random variable with a finite range a,,....,a,. Let p; be the probability of the
event a=a; . Then the SE of a is defined as [82],

H= _Z Py log Py (3.2)

3.4  Statistical Analysis

SPSS Statistics Version 22 program was used to make statistical analysis. Tests made
for compare p values. Independent sample t test and paired sample t test was applied for
patients and control groups. p values are indicate a significant difference if they are
smaller than 0.05. We also selected p values if they are smaller than 0.08 as closest

value to significant difference.

3.4.1 The Indepent Sample Student’s t-test

This test is only used when both:

e The two sample sizes (that is, the number, n, of participants of each
group) are equal;

e |t can be assumed that the two distributions have the same variance
[83],

We used this test for compare healthy group and conversion patients. This test
is used to compare all subbands of EEG signal in each periods (R1, N, R2, M,
R3) at F3, F4, C3, C4, P3, P4 regions. Independent t test first pooled standart
deviation has to be calculated by,

2 (nl _1)312 + (nz _1)322
n+n,—2

S

p

(3.3)

Where n +n,—-2 is the degree of freedom. The equation for calculation t value

become,
Z B Y2
t=—s— =
sP> sp’ (3.4)
- _+_ -
n n,
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3.4.2 Paired samples t test

Paired sample t test also named as dependent t test, use for indicate distribution of the
differences in the dependent variable between the two related groups should be
approximately normally distributed. Dependent t-test only requiring approximately
normal data because of it’s "robust" to violations of normality, meaning that the
assumption can be a little violated and still provide valid results [84]. The SPSS

program was used to test normality of our data by Shapiro-Wilk test.

We used this test for compare p values. This test was used to assessed patients and
healthy groups in itself for all bands and between sequential periods. This test is used to
compare all subbands of EEG signal in each sequential periods (R1-N, N-R2, R2-M, M-
R3) at F3, F4, C3, C4, P3, P4 regions.

(3.5)

In formula, d is the difference between matched samples and N is number of samples.
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CHAPTER 4

RESULT

In this chapter, results of analyzed EEG signals exist. EEG was recorded from F3, F4,
C3, C4, P3 and P4 regions of brain. These signals were recorded from 10 CD patients
and 10 healthy people. EEG data were decomposed into brain waves which are alpha,
beta, theta and beta sub bands by DWT. After that, SE was calculated in each sub
bands. Signals were processed by MATLAB® software algorithms (v. 7.6.0. R2008a).
Processed data are used to do statistical analysis by SPSS® (v.20) software. This
statistical analysis program consists of independent sample t test and paired sample t
test. SE values in CD patients and healty people are compared by independent sample t
test. The values between periods in each group are compared by paired sample t-test
because of feasibility of normal distribution. This test gives two Sig.(2-tailed) (p value)
was determined according to Levene's Test for Equality of Variances Sig. value. If this
value much than 0,05 the upper p value if less than 0,05 the lower p value of

Independent sample t test value was used to comparison.

In conclusion, after all recordings and analysis mean and standart deviation of SE
values of all periods in all bands were calculated. While Table 4.1 shows calculated SE
values of each periods (R1, N, R2, N, R3) for patients and control group in each sub
bands respectively delta, theta, alpha and beta in F3 Region Figure 4.1, 4.2, 4.3, 4.4
shows their relation with column graph (a) and with line graph (b). Table 4.2 shows p
values of each period between patients and controls in each sub bands respectively

delta, theta, alpha and beta in F3 Region.
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Table 4.1 Comparison of SE values that recorded during all measurements between
patients and controls in F3 channel for all periods and bands

Patients (Meanz Std Deviation) | Controls (Meanz Std Deviation)

Period | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta

-0,18 | -0,41 | -0,43 | -0,28 | -0,16 | -0,42 | -0,47 | -0,24
+0,06 | +0,11 | +0,11 | +0,06 | +0,03 | +0,04 | +0,04 | +0,09
N -0,31|-050 | -049 | -042 | -0,26 | -0,42 | -0,53 | -0,23

+0,11 | +0,19 | +0,19 | +0,28 | +0,26 | +0,04 | +0,18 | +0,07
R? -0,27 | -0,49 | -050 | -0,34 | -0,16 | -0,45 | -0,44 | -0,24
+0,26 | +0,19 | +0,18 | +0,23 | +0,02 | +0,06 | +0,02 | +0,14
-0,27 | -051 | 051 | -0,35 | -0,16 | -0,47 | -0,51 | -0,24

R1

M +0,25 | £0,17 | +0,17 | +0,23 | +0,02 | +0,07 | +0,17 | +0,08
R3 -0,2 | -0,44 | -0,43 -0,27 -0,16 | -0,44 | -0,45 | -0,22
+0,07 | £0,13 | +0,10 | +0,04 | +0,02 | +0,04 | +0,05 | +0,05
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Figure 4.1 Graphs show the mean of SE values of F3 Channel Delta band during all
periods (a) with column graph (b) with line graph
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Figure 4.1(Continue) Graphs show the mean of SE values of F3 Channel Delta band
during all periods (a) with column graph (b) with line graph

Figure 4.1 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. Because of better understanding this and other graphic
figures, all of SE values are shown with absolute values. When procedure is starting R1,
patients have higher mean of SE values than controls. During N, R2 and M periods,
patient’s mean of SE values increase while controls nearly stay the same as R1 period.
In R3 period, mean of SE value of patients decrase while controls are not changing.
Generally patients show higher values than controls in F3 channel’s delta band.
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Figure 4.2 Graphs show the mean of SE values of F3 Channel’s theta band during all
periods (a) with column graph (b) with line graph

Figure 4.2 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. While procedure is starting R1, patients and controls have
nearly same mean of SE values. During N period while patients mean of SE value is
increasing controls stay nearly same. In M period patients and controls have increasing

SE values while they have decreasing value in R3 period.
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Figure 4.3 Graphs show the mean of SE values of F3 Channel’s alpha band during all
periods (a) with column graph (b) with line graph
Figure 4.3 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. Patients and controls show nearly same mean of SE values in
all periods except R2 period. In R2 period control’s mean of SE values decreasing while

patient’s mean of SE value is nearly same as N and M periods.
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Figure 4.4 Graphs show the mean of SE values of F3 Channel’s beta band during all
periods (a) with column graph (b) with line graph
Figure 4.4 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. During all periods patients show higher mean of SE values
than controls. Patients have highest value for mean of SE value in N period and lowest
value in R3 period.
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Table 4.2 p values of independent sample t test for all bands in F3 Channel

F3 (p values)

Period Delta Theta Alpha Beta
R1 0,605 0,825 0,286 0,228
N 0,540 0,223 0,699 0,059*
R2 0,188 0,574 0,281 0,240
M 0,225 0,443 0,964 0,168
R3 0,089 0,940 0,543 0,040*

*p<0.05 is accepted for significant difference

Table 4.2 shows that the p value of beta band in R3 period is less than 0.05. It is
accepted for significant difference. There is also p value of beta band in N period is less

than 0.08. It is accepted closest value for significant difference.

While Table 4.3 shows calculated SE values of each periods (R1, N, R2, N, R3) for
patients and control group in each sub bands respectively delta, theta, alpha and beta in
F4 Region Figure 4.5, 4.6, 4.7, 4.8 shows their relation with column graph (a) and with
line graph (b). Table 4.4 shows p values of each period between patients and controls in
each sub bands respectively delta, theta, alpha and beta in F4 Region.

Table 4.3 Comparison of SE values that recorded during all measurements between
patients and controls in F4 channel for all periods and bands

Patients (Meanz Std Deviation) | Controls (Meanz Std Deviation)

Period | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
-0,23 -0,23 | -0,53 | -0,42 | -0,15 -0,51 -0,45 | -0,23

Rl +0,17 | #0,17 | #0,17 | #0,20 | +0,02 | #0,17 | 0,02 | +0,08
N -0,18 -042 | -045 | -0,39 | -0,16 -0,42 -0,46 | -0,22
+0,056 | #0,11 | #0,15 | 0,18 | +0,02 | +0,04 | 0,08 | +0,08
R -0,28 -050 | -0,53 | -0,40 | -0,16 -0,42 -0,44 | -0,22
+0,25 | #0,18 | #0,17 | #0,22 | +0,03 | +0,04 | 0,02 | +0,06
M -0,26 -051 | -053 | -0,44 | -0,18 -0,45 -0,47 | -0,24

+0,25 | #0,17 | #0,18 | +0,21 | 0,06 | 0,06 | +0,05 | 0,11
R3 -0,20 -041 | -044 | -0,36 | -0,18 -0,44 -0,46 | -0,23
+0,05 | #0,10 | +0,11 | #0,11 | +0,05 | #0,03 | +0,07 | +0,08
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Figure 4.5 Graphs show the mean of SE values of F4 Channel’s Delta band during all
periods (a) with column graph (b) with line graph
Figure 4.5 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. In R1 period patients have higher mean of SE values than
controls but between R1 and N period patients show suddenly fall and become nearly
same as controls. Between N and R2 periods patient’s SE values are increasing while

control’s SE values are increasing between R2 and M periods.
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Figure 4.6 Graphs show the mean of SE values of F4 Channel’s theta band during all
periods (a) with column graph (b) with line graph
Figure 4.6 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. At R1 period patients have higher mean of SE values than
controls but at N period patients and controls become on same value. At R3 period

patients show highly decreasing and become less than control’s mean of SE values.
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Figure 4.7 Graphs show the mean of SE values of F4 Channel’s alpha band during all
periods (a) with column graph (b) with line graph

Figure 4.7 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. At R1 period patients have higher mean of SE value than
controls but at N period patient’s SE value decrease and controls become higher that
patients. While patient’s SE values are increasing during R2 and M periods, they are

decreasing between M and R3 periods.
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Figure 4.8 Graphs show the mean of SE values of F4 Channel’s beta band during all
periods (a) with column graph (b) with line graph

Figure 4.8 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. Patients have higher mean of SE values than controls at all
periods in F4 channel beta band.
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Table 4.4 p values of independent sample t test for all bands in F4 Channel

F4 (p values)
Period Delta Theta Alpha Beta
R1 0,144 0,002* 0,143 0,014*
N 0,335 0,920 0,758 0,014*
R2 0,152 0,201 0,120 0,023*
M 0,346 0,291 0,309 0,018*
R3 0,319 0,279 0,656 0,006*

*p<0.05 is accepted for significant difference

Table 4.4 shows that the p value of theta band at R1 period and beta band at all periods

are less than 0.05. It is accepted for significant difference.

While Table 4.5 shows calculated SE values of each periods (R1, N, R2, N, R3) for
patients and control group in each sub bands respectively delta, theta, alpha and beta in
C3 Region, Figure 4.9, 4.10, 4.11, 4.12 shows their relation with column graph (a) and
with line graph (b). Table 4.6 shows p values of each period between patients and

controls in each sub bands respectively delta, theta, alpha and beta in C3 Region.

Table 4.5 Comparison of SE values that recorded during all measurements between
patients and controls in C3 channel for all periods and bands

Patients (Meanz Std Deviation) Controls (Meanz Std Deviation)
Period | Delta Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
R1 -0,23 -0,52 | -054 | -0,37 | -0,17 | -0,43 | -0,45 | -0,22
+0,20 | +0,15 | +0,15 | £0,22 | +0,04 | #0,05 | #0,03 | +0,06
N -0,18 -042 | -048 | -0,37 | -0,18 | -0,43 | -0,48 | -0,22
+0,04 | +0,12 | +0,17 | £0,20 | +0,06 | #0,04 | #0,07 | +0,07
R2 -0,27 -0,50 | -0,52 | -0,37 | -0,16 | -0,44 | -0,46 | -0,20
+0,26 | +0,18 | +0,17 | £0,23 | +0,03 | #0,04 | 0,05 | +0,05
M -0,25 -0,52 | -052 | -0,38 | -0,18 | -0,46 | -0,47 | -0,22
+0,25 | +0,17 | +0,17 | £0,22 | +0,05 | #0,05 | 0,05 | +0,06
R3 -0,19 -042 | -044 | -033 | -0,18 | -045 | -045 | -0,22
+0,04 | +0,10 | +0,10 | £0,11 | +0,04 | 0,05 | #0,06 | +0,07
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Figure 4.9 Graphs show the mean of SE values of C3 Channel’s Delta band during all
periods (a) with column graph (b) with line graph
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Figure 4.9 Graphs show the mean of SE values of C3 Channel’s Delta band during all
periods (a) with column graph (b) with line graph

Figure 4.9 shows patient’s mean SE values with blue and control’s mean SE values with
orange columns and lines. At R1 period patients have higher mean of SE value than
controls but at N period patient’s SE value decrease and patients and controls values are
become on same value. While patient’s SE values are increasing during R2 period,

control’s SE values are decreasing. At R3 period controls and patients are nearly same.
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Figure 4.10 Graphs show the mean of SE values of C3 Channel’s theta band during all
periods (a) with column graph (b) with line graph

Figure 4.10 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls but at N period patient’s SE value decrease and patients and controls

values are become on same value. While patient’s SE values are increasing during R2

and M period, control’s SE values are also increasing. At R3 period controls have

higher values than patients.
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Figure 4.11 Graphs show the mean of SE values of C3 Channel’s alpha band during all
periods (a) with column graph (b) with line graph

Figure 4.11 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls but at N period patient’s SE value decrease and patients and controls

values are become on same value. While patient’s SE values are increasing during R2

period, control’s SE values are decreasing. At R3 period controls and patients have

nearly same values.
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Figure 4.12 Graphs show the mean of SE values of C3 Channel’s beta band during all
periods (a) with column graph (b) with line graph
Figure 4.12 shows patient’s mean SE values with blue and control’s mean SE values
with orange columns and lines. Although there are little changes for mean of SE values
between all periods in C3 Channel Beta band, controls have higher values than controls.
Small changes in all periods except R3 period concerned because patient’s values are

decreasing at R3 period.
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Table 4.6 p values of independent sample t test for all bands and all periods in C3

Channel
C3 (p values)
Period Delta Theta Alpha Beta
R1 0,308 0,110 0,100 0,052*
N 0,994 0,894 0,978 0,038*
R2 0,228 0,326 0,279 0,044*
M 0,380 0,328 0,417 0,037*
R3 0,578 0,422 0,830 0,023*

*p<0.05 is accepted for significant difference
Table 4.6 shows that the p value of beta band at all periods are less than 0.05. It is

accepted for significant difference.

While Table 4.7 shows calculated SE values of each periods (R1, N, R2, N, R3) for
patients and control group in each sub bands respectively delta, theta, alpha and beta in
C4 Region Figure 4.13, 4.14, 4.15, 4.16 shows their relation with column graph (a) and
with line graph (b). Table 4.8 shows p values of each period between patients and

controls in each sub bands respectively delta, theta, alpha and beta in C3 Region.

Table 4.7 Comparison of SE values that recorded during all measurements between
patients and controls in C4 channel for all periods and bands

Patients (Meanz Std Deviation) Controls (Meanz Std Deviation)
Period | Delta Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
R1 -0,20 -051 | -051 | -041 | -0,16 | -0,42 | -045 | -0,22
+0,03 | +0,17 | +0,17 | +0,21 | +0,03 | +0,05 | +0,06 | +0,08
N -0,19 -043 | -046 | -042 | -0,16 | -0,42 | -0,47 | -0,22
+0,04 | +0,11 | 0,17 | +0,22 | +0,02 | +0,04 | +0,06 | +0,08
R2 -0,25 -052 | -051 | -041 | -0,15 | -0,44 | -0,48 | -0,21
+0,26 | +0,18 | +0,18 | +0,22 | +0,02 | +0,06 | +0,08 | +0,06
M -0,20 -048 | -056 | -0,46 | -0,16 | -0,44 | -0,49 | -0,24
+0,15 | +0,12 | 0,14 | +0,20 | #0,02 | +0,06 | +0,08 | +0,12
R3 -0,17 -0,48 | -0,50 | -0,40 | -0,26 | -0,45 | -0,49 | -0,22
+0,03 | +0,08 | +0,10 | +0,13 | #0,02 | +0,06 | +0,09 | +0,08
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Figure 4.13 Graphs show the mean of SE values of C4 Channel’s Delta band during all
periods (a) with column graph (b) with line graph

Figure 4.13 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls. At R2 period, patients are reached the highest value. After R2 period

patients SE values are decreasing as nearly same controls.
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Figure 4.14 Graphs show the mean of SE values of C4 Channel’s theta band during all
periods (a) with column graph (b) with line graph

Figure 4.14 shows patient’s mean SE values with blue and control’s mean SE values
with orange columns and lines. At R1 period patients have higher mean of SE value
than controls but at N period patient’s SE value decrease and patients and controls
values are become on same value. While patient’s SE values are increasing during R2

period, control’s SE values are state same.
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Figure 4.15 Graphs show the mean of SE values of C4 Channel’s alpha band during all
periods (a) with column graph (b) with line graph

Figure 4.15 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls but at N period patient’s SE value decrease and patients and controls

values are become nearly same. Patient’s SE values are increasing during R2 and M

period. At R3 period controls and patients have nearly same values.
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Figure 4.16 Graphs show the mean of SE values of C4 Channel’s beta band during all
periods (a) with column graph (b) with line graph

Figure 4.16 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. In C4 channel beta band, patient’s mean of SE values

have higher values than control’s. But they are similar in exchange points of value

during all periods.
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Table 4.8 p values of independent sample t test for all bands in C4 Channel

C4 (p values)
Period Delta Theta Alpha Beta
R1 0,355 0,117 0,321 0,015*
N 0,172 0,885 0,878 0,014*
R2 0,228 0,201 0,712 0,013*
M 0,367 0,347 0,156 0,008*
R3 0,187 0,415 0,935 0,001*

*p<0.05 is accepted for significant difference

Table 4.8 shows that the p value of beta band at all periods are less than 0.05. It is

accepted for significant difference.

While Table 4.9 shows calculated SE values of each periods (R1, N, R2, N, R3) for
patients and control group in each sub bands respectively delta, theta, alpha and beta in
P3 Region Figure 4.17, 4.18, 4.19, 4.20 shows their relation with column graph (a) and
with line graph (b). Table 4.10 shows p values of each period between patients and

controls in each sub bands respectively delta, theta, alpha and beta in P3 Region.

Table 4.9 Comparison of SE values that recorded during all measurements between
patients and controls in P3 channel for all periods and bands

Patients (Meanz Std Deviation) Controls (Meanz Std Deviation)

Period | Delta Theta | Alpha | Beta Delta Theta | Alpha Beta

R1 -0,24 -051 | -054 | -0,39 | -0,16 -0,43 -0,44 -0,20
+0,21 +0,17 | 0,16 | 0,22 | +0,03 | 0,06 +0,03 | +0,03

N -0,19 -041 | -046 | -0,38 | -0,19 -0,43 -0,47 -0,20
+0,04 +0,10 | +0,14 | 0,17 | 0,05 | #0,05 | #0,04 | +0,03

R2 -0,29 -0,50 | -0,52 | -0,37 | -0,18 -0,44 -0,47 -0,19
+0,25 +0,18 | +0,17 | #0,23 | #0,05 | 0,03 +0,04 | +0,03

M -0,27 -0,51 | -0,52 | -0,37 | -0,19 -0,48 -0,47 -0,20
+0,25 +0,18 | 0,17 | 0,22 | +0,04 | 0,07 +0,04 | +0,03

R3 -0,20 -045 | -046 | -0,30 | -0,18 -0,46 -0,47 -0,20
+0,04 +0,14 | 0,12 | +0,06 | 0,05 | #0,05 | #0,05 | 0,04
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Figure 4.17 Graphs show the mean of SE values of P3 Channel’s Delta band during all
periods (a) with column graph (b) with line graph

Figure 4.17 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls but at N period patient’s SE value decrease and patients and controls

values are become nearly same. Patient’s SE values are increasing during R2 period. At

R3 period controls and patients have nearly same values.
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Figure 4.18 Graphs show the mean of SE values of P3 Channel’s theta band during all
periods (a) with column graph (b) with line graph

Figure 4.18 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. Although patients have higher mean of SE values than

control at R1 period, at N period controls become higher than patients. At R3 period

patient’s and control’s mean of SE values become on same value.
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Figure 4.19 Graphs show the mean of SE values of P3 Channel’s alpha band during all
periods (a) with column graph (b) with line graph

Figure 4.19 shows patient’s mean SE values with blue and control’s mean SE values
with orange columns and lines. At R1 period patients have higher mean of SE value
than controls but at N period patient’s SE value decrease and patients and controls
values are become nearly same. Patient’s SE values are increasing during R2 and M
period. At R3 period controls and patients have nearly same values.
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Figure 4.20 Graphs show the mean of SE values of P3 Channel’s beta band during all
periods (a) with column graph (b) with line graph
Figure 4.15 shows patient’s mean SE values with blue and control’s mean SE values
with orange columns and lines. At R1 period patients have higher mean of SE value
than controls but at N period patient’s SE value decrease and patients and controls
values are become nearly same. Patient’s SE values are increasing during R2 and M

period. At R3 period controls and patients have nearly same values.
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Table 4.10 p values of independent sample t test for all bands in P3 Channel

P3 (p values)

Period Delta Theta Alpha Beta
R1 0,256 0,172 0,065* 0,017*
N 0,813 0,431 0,838 0,005*
R2 0,203 0,351 0,354 0,027*
M 0,321 0,518 0,432 0,021*
R3 0,337 0,967 0,834 0,001*

*p<0.05 is accepted for significant difference

Table 4.10 shows that the p value of alpha band in R1 period is less than 0.08. It is
accepted closest value for significant difference. There is also p value of beta band at all

period are less than 0.05. It is accepted for significant difference.

While Table 4.11 shows calculated SE values of each periods (R1, N, R2, N, R3) for
patients and control group in each sub bands respectively delta, theta, alpha and beta in
P4 Region Figure 4.21, 4.22, 4.23, 4.24 shows their relation with column graph (a) and
with line graph (b). Table 4.12 shows p values of each period between patients and

controls in each sub bands respectively delta, theta, alpha and beta in P4 Region.

Table 4.11 Comparison of SE values that recorded during all measurements between
patients and controls in P4 channel for all periods and bands

Patients (Meanz Std Deviation) Controls (Meanz Std Deviation)
Period | Delta Theta | Alpha | Beta Delta | Theta | Alpha | Beta
R1 -0,22 -049 | -051 | -041 | -0,15 -0,41 -0,45 | -0,21
+0,13 +0,17 | 0,17 | #0,24 | 0,02 | +0,06 | #0,04 | +0,07
N -0,20 -0,40 | -0,45 | -042 | -0,16 -0,43 -0,48 | -0,22

+0,05 +0,10 | #0,14 | +0,21 | +0,02 | +0,04 | 0,07 | +0,07

R2 -0,27 -050 | -0,50 | -0,40 | -0,15 -0,44 -0,47 -0,21
+0,25 +0,18 | #0,18 | +0,22 | +0,02 | +0,05 | +0,07 | +0,06

M -0,20 -050 | -0,51 | -0,41 | -0,17 -0,45 -0,52 -0,22
+0,07 +0,13 | #0,13 | +0,17 | +0,05 | +0,07 | +0,08 | +0,08

R3 -0,20 -050 | -0,52 | -0,38 | -0,17 -0,47 -0,50 -0,21
+0,04 +0,13 | #0,13 | +0,15 | 0,04 | +*0,06 | +0,08 | +0,06
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Figure 4.21 Graphs show the mean of SE values of P4 Channel’s Delta band during all
periods (a) with column graph (b) with line graph

Figure 4.21 shows patient’s mean SE values with blue and control’s mean SE values
with orange columns and lines. At R1 period patients have higher mean of SE value
than controls. Patient’s mean of SE has highest value at R2 period.
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Figure 4.22 Graphs show the mean of SE values of P4 Channel’s Theta band during all
periods (a) with column graph (b) with line graph

Figure 4.22 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls but at N period patient’s SE value decrease and patients and controls

values are become nearly same. Patient’s SE values are increasing during R2 and M

period. At R3 period controls and patients have nearly same values.
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Figure 4.23 Graphs show the mean of SE values of P4 Channel’s alpha band during all
periods (a) with column graph (b) with line graph

Figure 4.23 shows patient’s mean SE values with blue and control’s mean SE values

with orange columns and lines. At R1 period patients have higher mean of SE value

than controls but at N period patient’s SE value decrease and patient’s SE value

increase. Patient’s SE values are increasing during R2 and M period than N period. At

R3 period patients have higher mean value than controls.
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Figure 4.24 Graphs show the mean of SE values of P4 Channel’s beta band during all
periods (a) with column graph (b) with line graph

Figure 4.24 shows patient’s mean SE values with blue and control’s mean SE values
with orange columns and lines. In all periods patients have higher mean of SE values
than controls.
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Table 4.12 p values of independent sample t test for all bands in P4 Channel

P4 (p values)
Period Delta Theta Alpha Beta
R1 0,150 0,176 0,259 0,014*
N 0,038 0,445 0,568 0,010*
R2 0,162 0,308 0,562 0,019*
M 0,220 0,374 0,811 0,005*
R3 0,129 0,448 0,689 0,005*

*p<0.05 is accepted for significant difference.

Table 4.12 shows that the p value of beta band in R1 period is less than 0.05. It is
accepted for significant difference.

Table 4.13 Meanz Std Deviation of SE values that recorded during all measurements of
patients in F3 channel for all bands between sequential periods

F3 Patients (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N 0,084+0,222 | -0,085+0,264 | -0,087+0,282 | -0,028+0,271
N-R2 0,003+0,030 0,076+0,273 0,087+0,282 0,009+0,294
R2-M 0,005+0,067 0,012+0,050 | -0,002+0,076 | 0,035+0,059
M-R3 -0,064+0,227 | -0,102+0,261 | -0,090+0,267 | -0,071+0,224

Table 4.14 Meanz Std Deviation of SE values that recorded during all measurements of

controls in F3 channel for all bands between sequential periods

F3 Controls (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,004+0,027 | -0,001+0,026 0,058+0,194 -0,008+0,069
N-R2 0,007+0,010 0,031+0,054 | -0,088+0,182 | 0,008+0,101
R2-M 0,004+0,015 0,016+0,072 0,070+0,174 0,001+0,132
M-R3 -0,002+0,011 | -0,031+0,047 | -0,061+0,187 | -0,020+0,072
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Table 4.15 p values of patients and controls paired sample t test for all bands between
sequential periods in F3 Channel

F3 Patients (p values) Controls (p values)

Periods | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
RI-N 19241 | 0354 | 0,425 | 0,145 | 0,621 | 0,891 | 0,372 | 0,736
N-R2 1 973 | 0,435 | 0,514 | 0,161 | 0,056* | 0,1 | 0,159 | 0,815
R2-M 1 0822 | 0,199 | 0,711 | 0,001* | 0,473 | 0,495 | 0,232 | 0,973
M-R3 | 0,394 | 0,425 | 0,364 | 0,234 | 0,536 | 0,069 | 0,33 | 0,396

*p values show that patients have a significant difference (<0,05) in beta band
at R2-M period while controls having a closest value of significant difference
(<0,08) in delta band at N-R2 period.

Table 4.16 Meanz Std Deviation of SE values that recorded during all measurements of
controls in F4 channel for all bands between sequential periods

F4 Patients (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,059+0,136 | -0,085+0,264 | -0,087+0,282 | -0,028+0,271
N-R2 0,108+0,214 | 0,076+0,273 | 0,087+0,282 | 0,009+0,294
R2-M -0,020+0,059 | 0,012+0,050 | -0,002+0,076 | 0,035+0,059
M-R3 -0,064+0,223 | -0,102+0,261 | -0,090+0,267 | -0,071+0,224

Table 4.17 Meanz Std Deviation of SE values that recorded during all measurements of

controls in F4 channel for all bands between sequential periods

Fa Controls (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N 0,010+0,023 | -0,005+0,034 | 0,017+0,090 | -0,005+0,022
N-R2 0,002+0,034 0,001+0,025 | -0,018+0,086 | -0,009+0,020
R2-M 0,021+0,037 0,027+0,048 0,023+0,057 0,024+0,054
M-R3 -0,008+0,037 | -0,004+0,039 | -0,008+0,099 | -0,011+0,051
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Table 4.18 p values of patients and controls paired sample t test for all bands between
sequential periods in F4 Channel

F4 Patients (p values) Controls (p values)

Periods | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
RIN | 95 | 0333|0353 | 0,749 | 0,198 | 0,642 | 0,568 | 0,477
N-R2 | 0147 | 0404 | 0,353 | 0,923 | 0,822 | 0,86 | 0,523 | 0,189
R2-M | 9307 | 0,489 | 0,944 | 0,004 | 0,007 | 0,07 | 0,24 | 0,196
M-R3 | 039 | 0,249 | 0,315 | 0,341 | 0,52 | 0,755 | 0,806 | 0,511

*p values show that patients and controls have no significant differences.

Table 4.19 Meanz Std Deviation of SE values that recorded during all measurements of

patients in C3 channel for all bands between sequential periods

C3 Patients (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,051+0,165 | -0,096+0,251 | -0,053+0,300 | -0,003+0,305
N-R2 0,083+0,220 0,076+0,274 0,041+0,298 -0,003+0,319
R2-M -0,018+0,027 0,017+0,043 -0,005+0,038 | 0,016+0,034
M-R3 -0,062+0,219 | -0,095+0,262 | -0,076+0,261 | -0,057+0,222

Table 4.20 Meanz Std Deviation of SE values that recorded during all measurements of

controls in C3 channel for all bands between sequential periods

C3 Controls (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N 0,017+0,071 | -0,005+0,020 | 0,031+0,063 | -0,001+0,042
N-R2 -0,019+0,050 | 0,012+0,034 | -0,019+0,097 | -0,018+0,031
R2-M 0,011+0,040 0,018+0,041 0,011+0,067 0,013+0,026
M-R3 0,001+0,027 | -0,009+0,042 | -0,022+0,084 | 0,003+0,044
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Table 4.21 p values of patients and controls paired sample t test for all bands between
sequential periods in C3 Channel

C3 Patients (p values Controls (p values)

Periods | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
RI-N 1 0358 | 0,26 | 0,587 | 0,972 | 0,475 | 0,416 | 0,157 | 0,917
N-R2 | 9262 | 0,404 | 067 | 0,98 | 0267 | 03 | 055 | 0,104
R2-M 10 065+ | 0,253 | 0,684 | 0,162 | 0,409 | 0,187 | 0,627 | 0,156
M-R3 | 0392 | 0,283 | 0,38 | 0,435 | 0,951 | 0,521 | 0,438 | 0,811

*p values show that patients have a significant difference (<0,05) in delta band
at R2-M period while controls having no any significant difference.

Table 4.22 Meanz Std Deviation of SE values that recorded during all measurements of

patients in C4 channel for all bands between sequential periods

C4 Patients (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,010+£0,101 | -0,085+0,269 | -0,045+0,299 | 0,006+0,321
N-R2 0,068+0,225 0,089+0,273 0,042+0,305 | -0,003+0,319
R2-M -0,051+0,110 | -0,035+0,078 | 0,058+0,107 0,042+0,073
M-R3 -0,029+0,140 | -0,004+0,060 | -0,066+0,077 | -0,055+0,121

Table 4.23 Meanz Std Deviation of SE values that recorded during all measurements of

controls in C4 channel for all bands between sequential periods

C4 Controls (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,010+0,101 | -0,085+0,269 | -0,045+0,299 | 0,006+0,321
N-R2 0,068+0,225 0,089+0,273 0,042+0,305 | -0,003+0,319
R2-M -0,051+0,110 | -0,035+0,078 | 0,058+0,107 0,042+0,073
M-R3 -0,029+0,140 | -0,004+0,060 | -0,066+0,077 | -0,055+0,121
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Table 4.24 p values of patients and controls paired sample t test for all bands between
sequential periods in C4 Channel

C4 Patients (p values) Controls (p values)

Periods | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
RI-N 1075 | 0,343 | 0,644 | 0,956 | 0,497 | 0,974 | 0,058* | 0,967
N-R2 10361 | 033 | 0,673 | 0,974 | 0,055 | 0,416 | 0,507 | 0,123
R2-M 10176 | 0,187 | 0,121 | 0,105 | 0,121 | 0,804 | 0,774 | 0,181
M-R3 | 9522 | 0,832 | 0,023* | 0,182 | 0,957 | 0,661 | 0,818 | 0,43

*p values show that patients have a significant difference (<0,05) in alpha band
at M-R3 period while controls having a closest value of significant difference
(<0,08) in delta band at N-R2 period and alpha band at R1-N period.

Table 4.25 Meanz Std Deviation of SE values that recorded during all measurements of
patients in P3 channel for all bands between sequential periods

P3 Patients (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,052+0,178 | -0,102+0,257 | -0,081+0,278 | -0,010+0,300
N-R2 0,100+0,221 | 0,091+0,266 | 0,057+0,284 -0,007+0,307
R2-M -0,016+0,061 | 0,018+0,064 | -0,001+0,039 0,005+0,025
M-R3 -0,067+0,224 | -0,061+0,272 | -0,058+0,267 | -0,074+0,208

Table 4.26 Meanz Std Deviation of SE values that recorded during all measurements of

controls in P3 channel for all bands between sequential periods

P3 Controls (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,031+0,031 | 0,006+0,055 0,031+0,039 | -0,005+0,014
N-R2 -0,014+0,025 | 0,008+0,056 | -0,005+0,070 | -0,003+0,006
R2-M 0,010+0,041 0,034+0,049 0,008+0,067 0,001+0,004
M-R3 -0,006+0,036 | -0,020+0,062 | -0,005+0,059 | 0,004+0,009
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Table 4.27 p values of patients and controls paired sample t test for all bands between
sequential periods in P3 Channel

P3 Patients (p values) Controls (p values)

Periods | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
RI-N 10375 | 0,241 | 0,383 | 0,92 | 0,011* | 0,744 | 0,034* | 0,28
N-R2 10188 031 | 054 | 0946 | 0,122 | 0,658 | 0,811 | 0,09
R2-M 10427 | 0,389 | 0,941 | 0,562 | 0,471 | 0,055* | 0,724 | 0,274
M-R3 | 0,368 | 0,496 | 0,508 | 0,291 | 0,59 | 0,34 | 0,785 | 0,175

*p values show that patients have no significant difference while controls
having a closest value of significant difference (<0,08) in theta band at R2-M
period and significant difference (<0,05) in delta and alpha band at R1-N
periods.

Table 4.28 Meanzx Std Deviation of SE values that recorded during all measurements of
patients in P4 channel for all bands between sequential periods

P4 Patients (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N -0,017+0,112 | -0,092+0,262 | -0,061+0,277 | 0,001+0,289
N-R2 0,071+0,228 0,103+0,265 0,050+0,284 | -0,017+0,311
R2-M -0,071+0,195 | -0,008+0,084 | 0,004+0,064 0,008+0,074
M-R3 0,002+0,048 0,006+0,038 0,011+0,055 | -0,031+0,050

Table 4.29 Meanz Std Deviation of SE values that recorded during all measurements of

controls in P4 channel for all bands between sequential periods

P4 Controls (Meanz Std Deviation)
Period Delta Theta Alpha Beta
R1-N 0,009+0,017 0,016+0,034 0,030+0,072 0,004+0,011
N-R2 -0,007+£0,022 | 0,014+0,031 | -0,015+0,070 | -0,008+0,011
R2-M 0,013+0,048 0,012+0,052 0,051+0,074 0,009+0,026
M-R3 0,005+0,052 0,013+0,046 | -0,021+0,095 | -0,005+0,040
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Table 4.30 p values of patients and controls paired sample t test for all bands between
sequential periods in P4 Channel

P4 Patients (p values) Controls (p values)
Periods | Delta | Theta | Alpha | Beta | Delta | Theta | Alpha | Beta
RI-N | 065 | 0,204 | 0,504 | 0,918 | 0,128 | 0,175 | 0,217 | 0342
N-R2 15352 | 025 | 05595 | 0.865 | 0.348 | 0.181 | 0,528 | 0,055*
R2-M 19281 | 0,768 | 0,847 | 0,73 | 0,413 | 0.494 | 0.056* | 0284
M-R3

0,897 | 0,635 | 0,556 | 0,08* | 0,783 | 0,405 | 0,51 | 0,706
*p values show that patients have a closest value of significant difference

(<0,08) in beta band at M-R3 period while controls having a closest value of
significant difference (<0,08) in alpha band at R2-M period and in beta band at
N-R2 periods.
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CHAPTER 5

DISCUSSION

In the last century we live in, psychiatric disorders have increased considerably but
many people live without knowing that they have a psychiatric disorder but when they
consult a doctor the diagnosis of psychiatric disorders is mostly done through verbal
tests made by the psychiatrist. This showed difficulties in diagnosis. Some work for the

transformation of abstract concepts to concrete methods of diagnosis is made.

First problem about CD is that it can not be explained how CSs could exist in the first

place while physiological symptoms could become such a burden [24].

There are some studies to understand the brain activity on CD. Some methods were
used to invastigate the brain activity. These methods could be fMRI, anatomical MRI or
EEG.

One of the earlier studies works CD with fMRI. Omar Ghaffar et al. used three subjects
that have unexplained sensory loss. Their complaints match on the criteria of CD. on
their study. They used brain fMRI during unilateral and bilateral vibrotactile
stimulation. They recognized in each subject, stimulation of the affected limb did not
produce activation of the contralateral primary somatosensory (S1) region, whereas
bilateral limb stimulation did [85].

Also one of the earlier studies was about comparing malingering and CD patients. The
methodology of evoked potentials (EP) was applied to reveal the functional level of
abnormality in patients with circumscribed complete anaesthesia due to CD. EP
components about for sensory and perceptual processing of both innocuous electrical
and noxious laser stimuli were not anormal but when a modified oddball task was used
with rare stimuli applied to the anaesthetic right hand a P300 component indicating
cognitive processing failed to appear. These conclusions suggested that cognitive
deficits underlying sensory loss as CS which can be differentiated from malingering by
use of P300 [72]. EEG was recorded while in psychiatric disorders are sometimes used
in visual and sometimes auditory stimuli similar studies. Similarly, in our study we have
used two auditory stimuli. We studied subjects that criteria for unilateral CD, sensory

subtype. They had no history of neurologic disease and none met criteria for a comorbid
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neurologic or psychiatric diagnosis. EEG was recorded from F3, F4, C3, C4, P3 and P4
regions of brain. These signals were recorded from 10 CD patients and 10 healthy
people. EEG data were decomposed into brain waves which are alpha, beta, theta and
beta sub bands by DWT. After that, SE was calculated for each sub bands. Results can
show that there is a significant change in CD is expected wave of healthy control group

patients.

We applied two statistical tests to data, one of them is independent t test to compare
healthy and conversion groups for all bands and all periods. Other statistical test is
paired sample t test which was used to compare each group in itself for all bands and all
sequential periods. These tests were used to understand there is any difference of brain

waves for CD patients and healthy control groups.

The mean of SE values were calculated for all brain channels and their sub bands (delta,
theta, alpha and beta). When the results were analyzed, it was found that the period of
music instantly have a high value of the patients while we expecting lower values. The
values of music period should be lower than noise period values. Except P3 channel’s
beta band and P4 channel’s delta and beta bands, all channels and their sub bands have

higher values.

All bands (delta, theta, alpha and beta) and all periods (R1, N, R2, M, R3) of all
channels (F3, F4, C3, C4, P3, P4) shows that CD patients generally have higher mean of
SE values than healthy groups. These results are shown with graphs and differences can

be observed easily.

In the beta band of all channels, the mean of SE values of healthy group remained stable
and patients in almost all periods are high compared to healthy group values. The reason
of this result can be explained with a study that has done before. Especially beta bands
in all periods show high significant differences that can be discriminate both groups
from each other in all channels. Beta band is more significant in all channels. Beta band
is high frequency band. Beta waves are connected with active brain and alert state of
mind [86].

This work was some difficulties because of the actual data are collected from healthy
volunteers and patients and made quite realized we did. In this study,
electrophysiological data were collected using audio stimuli that are not used before.

Another difficulty is about patients. It is very hard to understand they were not given the
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false-positive result. Because it is very common about diagnosis of CD and there is no
way to understand this. Other studies can be done with more healthy and patient groups
to get more significant differences on the statistical analysis. Also the procedure of

study can replaceable with another procedure that is shortened or auditory stimuli can
be changed.

As a result, in this study distinctive features searched between CD patients and in
healthy volunteers by using advanced engineering methods (Shannon, DWT, etc.). Any
significant differences and generalizable results were not observed between healthy and

patients group in the study.
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APPENDICES

APPENDIX A

Bilgilendirilmis Onam Formu

Bezmialem Vakif Universitesi Tip Fakiiltesi Hastanesi’nde “Konversiyon bozuklugu tanisina
yonelik elektrofizyolojik parametrelerin miihendislik yontemleriyle degerlendirilmesi ve
psikiyatrik dlceklerle iliskilendirilmesi” isimli tez ¢alismasi1 kapsaminda katilimcilardan bazi

elektrofizyolojik kayitlar alinacaktir.

Calisma kapsaminda ,60 katilimcidan EEG dl¢iimleri alinacaktir. Isitsel uyaran olarak miizik
ve siren sesi kullanilacaktir. Bu calisma esnasinda higbir girisimsel islemde bulunulmayacak
ve herhangi bir ilag verilmeyecektir. Ayrica bu ¢alisma ile birlikte Beck Anksiyete ve Beck

Depresyon testi uygulanacaktir.

Bilgilendirilmis Goniillii Onam Formu’ndaki tiim agiklamalar1 okudum. Bana, yukarida
konusu ve amaci belirtilen arastirma ile ilgili yazili ve sozlii agiklama Zeynep MUTLU
tarafindan yapildi ve yapilacak olan aragtirma sonrasinda herhangi bir sorun ya da sorular
oldugunda arastirmayr yapan Zeynep Mutlu’ya telefon ya da e-mail adresinden
ulagabilecegim bana bildirildi (Tel no: 0554 791 63 07 e-mail:zeynepmutluzm@gmail.com).

Ayrica arastirmaya katilimimin istege bagli oldugu ve istedigim zaman, herhangi bir cezaya
veya yaptirima maruz kalmaksizin, higbir hakkimi kaybetmeksizin arastirmaya katilmay1

reddedebilecegimi veya arastirmadan ¢ekilebilecegim bana bildirildi.

Calisma kapsaminda elde edilen tiim verilerin ve katilimcilarin isimlerinin gizli tutulacag,
bilimsel bir amagla bu verilerin toplandigi ve sadece bilimsel calisma kapsaminda
kullanilacagi, bana bildirildi. S6z konusu arastirmaya, higbir baski ve zorlama olmaksizin

kendi rizamla katilmay1 kabul ediyorum.

Arastirmact: Katilimc:
Tarih: Tarih:
Imza: Imza:
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APPENDIX B

SOSYODEMOGRAFIK TEST

SOSYODEMOGRAFIK OZELLIKLER ANKET FORMU

HASTA ADI/SOYADI:
CINSIYETi :
DOGUM YERI/YILI :

MEDENiI DURUM?
EGITIM DURUMU: méavn YE7 Niul: MELUN O u el

HANGI ELINiZi BASKIN KULLANIRSINIZ?
HAMILE OLMA VEYA EMZiRME DONEMI DURUMU:

SON MENSTRUASYON TARIHINIZ? (bayantar igin )

ALKOL KULLANIM DURUMU:(bir hafta icerisinde kullananlar almmayacak)

SiIGARA KULLANIM DURUMU: pavc 7 /cqn)
KAC YILDIR BU RAHATSIZLIGINIZ VAR? / HERHANGI BiR TEDAVi UYGULANDI MI?

BASKA BIR PSIKIYATRIK RAHATSIZLIGINIZ VAR MI?

HIC EKT YAPILDI MI? (YAPILDIYSA NE KADAR SURE ONCEYDIi?)

(6 ay icerisinde yaptiranlar ahnmayacak)
Sop 3 AY PNTIPSIITIE YULLAM )

N 1 HAFTA ICERISINDE ETKEN MADDESI BENZODIAZEPIN OLAN iLACLAR

xanax, nervium, ativan, rivotril vb. kullantyorsa alinmayacak.)

SO
KULLANDINIZ MI? (diazem, valium,

Sikayet BAYILMA ise, ne siklikta ve ne kadar siirmekte?

HIS KAYBI ise, ne kadar siirmekte ve siddeti ne derecede oluyor?

MOTOR KAYIPLAR ise, Hangi bolgeleri tutmakta ve ne kadar siirmekte?
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L.YUTKUNMADA ZORLUK VAR MI?
2.KONUSMADA ZORLUK CEKME VAR MI?

3.SAGIRLIK VEYA BULANIK,CIFT GORME VAR MI?

4. KASILMALAR OLUYOR MU?

BASKA NOROLOJIK HASTALIK DURUMU:

BASK{& CIDDI BIR RAHATSIZLIGINIZ VAR MI? (KALP RAHATSIZLIGI, DIYABET,
TANSIYON)

KULLANDIGINIZ DIGER ILACLAR NELERDIR?

AILENIiZDE NOROLOJIK YA DA PSIKOLOJIK BiR RAHATSIZLIGI OLAN VAR MI?

ACLK-ToLwE brumd

TULALET  PduemMd
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APPENDIX C

Beck An ksiyete Olcedi

Hastanam Sovadn AEE. ... i

-

Apbdin raarle n kapph b 0 end il ol deoklan sarmardsrd s vazal
Tiabug ggwea, ber maddedesl

ORLRATELD.
il S ral wwELn e (6§ kermreh e B

Liten ke rraddep ek gl

——caam

dilars Eagy beriatibi wRiEm L

elrirnn BUCLR DAHR 50N BIL 1) HAFTARIR Lol 58 kadar sebadser FrigRre

a "

—

=

Hig

Hafif diiseyels
Beni pek -
e rmved i

Ot o me i
Moy degildi ama kat
Lanahildim

Cickeshi edipepde
Dayvarwreakia ok zor-
Raralems

=

1. Bedaninizin kerhangi bir

WErinde uyugma veya kann-
calanma

2. Sicak) arey basmalam

31, Bacaklarda hakizlik, titreme

4. GEvsEREmErms

5. ok kiodd geyvier olacak
korkusu

6. Bas donmesi veys sersemlik

F. Kalp carpintis

&, Dengeyl kaybetme duygusw

5. Dehgere kapilma

10, Simirlilik

11. Boguliyermuy gibi alma
dwpgusu

L 2. Ellerde tigreme

13, Tirreklik

14, Kontroli kaybetme kermusu

1%, Mefes almada gilghik

16, Gdm korkusu

17, Eorkuya kapelma

18. Mideds hazimsizisk ya da
raharsazlib hitsi

19. Baygirhk

20, YOzrdn kegarmasi

ZL. Tarieme {sicakhga badgli
almayank

Toplam BECK-A skorus. ...
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APPENDIX D

BDI (Beck De

Vinerge: Agaguda kiglerin rub darismlar
cesil mah dirumusn anlatmakdadie, Her m
by secenckleri dikkacle oXu
bglundararak, sizs en uygan olan ifadey bu
ROWUIIE,

aild=de & rub

yunz. Son bir hafta igind
Yuruz. Daka sonra, om

presyon E—Ilu;f:gi)

w1 kiade ederken kullandikian bazs cimleler verilmigtir, Her madde, hir

diafi L dertecsini belirkeyen 4 segenek verdur. Litfen
eki (su an dshil) kendi rub dorumanuza goz Gndnde
addenin vaninduki rakamim dzerine (2] i@rel

{ 1.Hiiziin
| O Kendirm &zgtin hissetmiyoris
| 1 Kendimi Gzgiin hgsediyoram
2 Her raman icin Gzglniim ve kendimi bu duygadan
| pumaramuyonis
| 3 Orylesine dzgiin ve mutsuzum ki dzyanamiycrm

|2 Karamsarik

| 0 Gelecekten umutsuz degilim

| 1 Geleeepe biraz umutsuz bakiyorum

'3 Gelecekien bekledigim hickir jey vok

3 Benim igin bir gelesek yok ve bu durum
dizelmeyecek

3. Geemis baganselidar

0 Keadimi bagansiz ghrmdyonm

1 Covremdeki birpek kigiden daha faxla
basarsizliklanm obda sayche

T Geriye dinidp baltigimda, pok fazla

basarmzligimm
eléofunu ghriyonm

3 Kendimi timiyle bagarisiz bir insan olarak
ghelyoram

4 Tevk alamama

0 Hergmyden eskisi kadar zevk alabiliyorum

1 Hergeyden eakisi kadar zevk alamyyorum

2 Aruk highirpyden gerpek bir zevk alamiyorum

3 Bana zevk veren highirgey yok. Her gey gok silnc

5.5uglufuk Duygulan

0 Kendimi sugls hissetmiyorum

1 Arada bir kendirmi sugla hissettifim ohsyar
2 Kendimi cofunlukla sugle hissediyonm

3 Kendimi ber &n igin sugls hissediyoram

S

B .Cazalandinlma Duygulan

0 Cezalandmldigim diiamiyanam

1 Baz geyler igin cemalandinlabilecegimi
higgediyonam

1 Cezalandinlmay bekliyanim

1 CezalandimidhFim hissediyerom

7 Mendinden hoglanmara

 Kendimden hagnutam

1 Kendimden pek hognut degilim

1 Kendimden hig hoglarmyyonm
3 Eendimden nefret ediyacum

& Kendinl Blegtirme

0 Eendimi difier insanlardan daha kith plrmilyorm
1 Kendimi zamyiflsklanm ve hatalarim igin
&lastirnerom

1 Kendimi hatalarim igin cofus zamen sugluyorum

3 Her kil playda kendimi sugloyonim

a Infibar Diglnceler veya Istekleri
0 ¥endimi dldirmek gibi digincelenm yok
1 Bazen kendimi $ldirmeyi diglindyorum, fkat buay

yapmam
2 Kendimi 8ldirebilmeyi 1sterdim
3 Eir fursatim balsam kendimi Sldoisilom

10 Aglama

0 Her zamarkinden daha fazla agladifim

ST

1 Eckisine ghre su siralarda daha fazla aflyoram

2 5u siralarda her an alyomm

3 Eskiden aglayabilirdim, ama gu siralarda istesem de
aElayamrycaim

1. sayfanin toplame:
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e

11 Sinirlitik -
0 Her zamankinden daha sinisli degilim

| Her samanikinden daha kolayca sinirleniyer va
kizmyarum

2 Cofu zaman sinirliyim

1 Eskiden sinirlendifim geylere bile artik

17 Kelay yonlma

0 Eskisine kryasla daha gabik yerubdufuma ssnm mmrem
1 Ezkisinden daha gabuk yonularuem

2 5u siralarda nercdeyse her gey beni yanoyor

3 Oryle yorgamom ki hig bir sey yapamiyorum

sinir|lensmiyomum 18 I5tahts Degigikdik
0 Istahem eskisinden pek farkls deil
12.llgl kayhi 1 Istahem eskisi kadar ivi deil
0 Dijjer insanlara karg: ilgimi kaybetmedim 2 Su swalarda igtahum epey kot
1 Eskisine gire insanlarla daha az ilgiliyim 3 Artik hig igtahim yok
2 Diier insanlara kargt ilgimin cofuna kaybettim
3 Diger insanlara karp hig ilgim kalmad: 19.Kile Kaytn
0 Son mmanlarda pek fazla kilo kaybetiifimi
13.Hararsizhk sAnmryarim
0 Karaslanm eskisi kadar kolay ve rahat verebiliyorum | 1 Son zamanlarda istemedifim halde e kilodan fazla
1 50 siralar kararlarms vermeyl edteliyoram kaybettim
2 Kararlarim vermekie oldukea gighik gekiyorum 2 Son zamanlarda istemcdigim halde beg kilodan fazla
3 Artik hip kerar veremiyonim layhettim
3 Son zamanlarda istamedifim halde yedi kilodan fazla
14,Dng Giriinim Jaybettim
0 Dig giirOniigiimiin eskisinden daha kénd olduguno Digha ar yerefe galigarah kils kapbetmeye colyrory
SENMIYONIm Evet( ) Hayr [ )
1 Yaglandigim ve gekicaligimi kaybettigims dilglniyor
ve lzilliyorem 70,538k Endisesi
2 Dug ghiriintisitmde artik defigtirimesi miOmkin 0 Saglifim beni pek endiselendimiyar
olmayan ohemsuz degigiklikier aldufunis 1 Son zamanlarda agr, si3, mide borukhaf, kabalik
hissediyorum geb
3 Cok girkin oldufumu digindyomm sonanlarim var
2 Afin, sin gibi b skomtilarm beni epey
15.Galigma endigelendirdifi
0 Eskisi kadar ivi caligabiliyorum ipin bagka geyleri dilginmek zor geliyor
1 Bir ige baglayabilmek igin eskisine girs kendimi 3 Bu tfir sikantilar beni Sylesine endigslendirryer ki, ar
daha bagka highir sey doglnemiyonm
fazla zorlamam gerekiyor
2 Hangi i olursa olsun, yapabilmeligin keodimi gak | 21.Cinsel Istagin Kaybolmasi
orluyorum @ Son zemanlarda cinsel yasantrmda dikkstimi ceken b
3 Highir i5 yapamiyorum sey yok
1 Eskisine oranla cinse] komularla daha az ilgileniyor
16,yku ciizeninde degigikiik 1 5u simlarda cinsellikle pek flgili defilim
D Eskisi kadar rahat uyuyabiliyarum 3 Artik cinsellikle hig bir ilgim kalmad:
1 5u swralarda eskisi kadar ralsst uyayamiyorum
2 Eskisine giirs | veya 2 saat erken uyaniyor ve tekrar
uyamakta zorhuk gekiyorum
3 Eskisine gfire pok erken wyanuyar ve teboar ayumakia
raruk cekiyoram L
Sayfa 1'in toplame___ Sayfa ' nintoplami:___ = Toplamskor ___
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APPENDIX E
ETIK KURUL ONAYI
BEZMIALEM VAKIF UNIVERSITES] KLINIK ARASTIRMALARI ETIK KURULU KARAR FORMU

SAYI : 71306642/050-01-04 /)1( (, 11.12.2013
KONU: Etik Kurulu Karan

ETIK KURULUN ADI Bezmialem Vakif Universitesi Klinik Aragtirmalar Etik Kurulu
= g ACIK ADRESI: Adnan Menderes Bulvan Vatan caddesi 34093 FatibvIstanbul
= P S
Q
":" ,E TELEFON (0212) 523 22 88 - 1028
=
22 FAKS (0212) 53323 26
E-POSTA ctikkurulugbezmialem.cdu.tr
Konversiyon Bozuklugu Tanisina Yénelik 'Elektroﬂzyollojik
ARASTIRMANIN ACIK ADI (Elektroensefalografik Sinyaller) Pai lerin Mohendislik Yontemleriyle
Degerlendirimesi ve Psikiyatrik Olgeklerle lligkilendirilmesi
ARASTIRMA PROTOKOL KODU l
KOORDINATOR/SORUMLU ARASTIRMACI . — p
UNVANVADVSOYADI Prof. Dr. Ismet KIRPINAR
i})}\)::)INA'I'OR/S()RUMI,U ARASTIRMACININ UZMANLIK Ruh Saghps ve Hastaliklari
w KOORDINATOR/SORUMLU ARASTIRMACININ Bezmialem Vakif Universitesi Tip Fakoltesi Hastanesi
» | BULUNDUGU MERKEZ
£
| I
& | DESTEKLEYICI
=
: DESTEKLEYICININ YASAL TEMSILCISI
E FAZ 1 O
=
2] FAZ2 O
&
FAZ3 m}
o FAZ 4 a
ARASTIRMANIN FAZI VE TURU
Gozlemsel ilag galigmas a
llag dig1 klinik aragtirma (akademik [ Tant kriterleri olugturmak
amagh)
Diger ise belirtiniz
TEK MERKEZ OK MERKEZLI ULUSAL LUSLARARASI
ARASTIRMAYA KATILAN MIEERKEZLER TE g [} 0O u [m]
- Belge Adi Tarihi Versiyon Dili
a o 4 Numarasi
5z4 MA PROTOKOLU 15122013
=] : [;MSHR A o ol & Tirkge B Ingilizce (] Diger [J
s N — = _ _
s E g [B'L(‘“,l,Nl)lR“,Mlb GONULLU OLUR FORMU Torkge ® ngilizee (1 Diger 1
= g ! OLGU RAPOR FORMU Torkee OO Ingilizee O Diger O l
[ARM“RMA BROSURU Torkge 0 ingilizee O Diger (] J
2 5 -4 I Belge Adi Agiklama
Zo &
= ]
Z8 @ [ SIGORTA o
@53 ; T =
E ] g ARASTIRMA BUTCES|
—
Y- [
BIYOLOJIK MATERYEL TRANSFER FORMU O P r

grafik Sinyaller) Parametrelerin Miihendislik Yontemleriyle
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BEZMIALEM VAKIF UNIVERSITESI KLINiK ARASTIRMALARI ETiK KURULU KARAR FORMU

ILAN O
YILLIK BILDIRIM 0O
SONUC RAPORU O
GUVENLILIK BILDIRIMLERI O
- Sorumlu ve yard lara ait
ozgegmis formlari
DIGER: X - Gal Helsinki Bildirgesi, [KU/ILU’ya uygun
) yurotolecegine dair taaht

- Aragtirma ile ilgili yayinlar

Karar No:47/13 Tarih: 11.12.2013

Klinik Arastirmalar Hakkinda Yonetmelik kapsaminda yer alan arastirmalar/calismalar igin Tirkiye flag ve Tibbi Cihaz
Kurumu’ndan izin alinmas: gerekmektedir.

o

= Yukarida bilgileri verilen bagvuru dosyasi ile ilgili belgeler aragtirmanin/gali gerekge, amag, yaklagim ve ydntemleri
IT) dikkate alinarak incelenmis ve uygun bul s olup arastir /galigmanin basvuru dosyasinda belirtilen merkezlerde
= gergeklestirilmesinde etik ve bilimsel sakinca bul digina toplantiya katilan etik kurul iiye tam sayisinin salt gogunlugu ile
: karar verilmigtir.

s

2

Konversiyon Bozuklugu Tanisina Yonelik Elektrofizyolojik (Eleltrgatsefalografik Sinyaller) Parametrelerin Mihendislik Yontemleriyle
Degerlendirilmesi ve Psikiyatrik Olgeklerle ligkilendirilmesi
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BEZMIALEM VAKIF UNIVERSITESi KLINIK ARASTIRMALARI ETiK KURULU

ETiK KURULUN CALISMA ESASI

Klinik Aragtirmalar Hakkinda Yonetmelik, lyi Klinik Uygulamalari Kilavuzu

BASKANIN UNVANI/ADI/SOYADI:

Prof. Dr. Reha ERKOC

Unvan/AdvSoyad: Uzmanhk Alam Kurumu Cinsiyet A';I'i:::m. ile Katihm * Imza
Bezmialem Vakif /
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Degerlendirilmesi ve Psikiyatrik Olge

Karar: 60nayland|

80

Sayfa 3/3

yolojik (Elektroensefalografik Sinyaller) P: in Mi islik Yo srivle
lerle lliskilendirilmesi 8 yaller) Parametrelerin Miihendislik Yontemleriyle




CURRICULUM VITAE

Name Surname: Zeynep AKTEMUR
Place and Date of Birth: Kiziltepe, 1.1.1988

Address:  Atakent Mah. Soyak Olimpiakent Sitesi 13.Bolge H-21 Blok Daire:21
Kiiciikgekmece/ ISTANBUL

E-Mail: zeynepmutluzm@gmail.com

B.Sc: Fatih University — Engineering Faculty- Genetics and Bioengineering (2012)

81



	I would like to express my gratitude towards my supervisor Assist. Prof. Dr. Saime AKDEMİR AKAR for her advices, patience and encouragement during thesis. Her guidance and to motivate me was really helpful to finish my thesis. I thanks to Bezmialem Fo...
	And thanks to my father and my all family for their support and encourage during test and thesis period. I thank to my husband -Serdar Kağan AKTEMUR- for providing any material and moral support. I also thank my best friend Pınar KARAMIKOĞLU for provi...

