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Abstract
Theinnovation of electroencephalography (EEG) more than acentury ago supports the technique to assess brain structure and 
function in clinical health and research applications. EEG signals were identified on their frequency ranges as delta (from 0.5 to 
4 Hz), theta (from 4 to 7 Hz), alpha (from 8 to 12 Hz), beta (from 16 to 31 Hz), and gamma (from 36 to 90 Hz). Stress is a sense 
of emotional tension caused by several life events. For example, worrying about something, being under pressure, and facing 
significant challenges are causes of stress.The human body is affected by stress in various ways.It promotes inflammation, which 
affects cardiac health. The autonomic nervous system is activated during mental stress. Posttraumatic stress disorder and Alzheimer's 
diseasearecommon brain stress disorders. Several methods have been used previously to identify stress,for instance,magnetic 
resonance imaging,single-photon emission computed tomography and EEG. EEG identifiesthe electrical activity in the human 
brain by applyingsmall electrodes positioned on the scalp of the brain. It is a usefulnon-invasive method andcollects feedback 
from stress hormones. In addition, it can serve as a reliable tool for measuring stress.Furthermore, evaluating human stress 
in real-time is complicated and challenging. This review demonstrates the power of frequency bands for mental stress and the 
behaviors of frequency bands based on medical and research experience.
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Introduction
Mental stress is defined as the response of the brain and body to 
pressure. The source of pressure may be arguable, such as a routine 
at work or school, a considerably complex situation, or a painful 
event. Stress can affect health in advanced situations [1]. There-
fore, it is essential to pay attention to dealing with minimal and 
significant stressors. Several categories of stress carry physical 
and mental health risks [2].Stress signals occur as fight-or-flight 
reactions in high-risk situations. In these circumstances, the au-
tonomic nervous systemis stimulated by stress throughthe central 
neural pathways [3]because the cause of prolonged stress is more 
continuous than acute stress[4]. Frequent stresscan disrupt the car-
diovascular, digestive, immune, sleep, and reproductive systems 
[5],[6]. Stress responses are associated with the enhanced secre-
tion of many hormones, including adrenaline, noradrenaline, and 
cortisol [7]. The cortisol test is a clinical procedure for stressors 
[8]. Over time, stress may promotesevere health problems such as 
heart disease, brain disease, high blood pressure, depression,and 
anxiety [9].

Biosignals that can assess stressors involve physiological instru-

mentation such as electroencephalography (EEG), electrocardiog-
raphy (ECG), and electromyography (EMG), which can measure 
bodily parameters (skin temperature, eye activity, respiratory rate, 
pupil size, and speech) [10]. The following text outlines some of 
the band's power used in stressresearch areas.However, numerous 
bands of power exist for stress analysis in the laboratory. 

Literature Review
Each brain hasfour lobes;the frontal lobe is vital for thinking and 
controlling voluntary movements or actions,the parietal lobe han-
dlescommunication about temperature, taste, touch, and training, 
the occipital lobe is mostlyaccountable for the visual sense, and 
the temporal lobe manages memory and integrates it with taste, 
sound, sight, and touch. The best way to quantify the neuronal ac-
tivity of the human brain is using an EEG, which is one of the 
oldest instrumentsdeveloped over a century ago[11]. Its use is un-
questionable in clinical diagnoses for conditions such as epilep-
sy and sleep disorders and for evaluating dysfunction in sensory 
transmission pathways [12]. EEG has developed over the years 
since its invention by Richard Caton in 1875. 
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He found the first EEG from the brains of animals such as mon-
keys and rabbits [13]. In 1924, scientist Hans Berger createdand 
invented the first EEG recording on the human scalp by utilizing a 
radio kit to magnify the brain's electrical signals. He claimed that 
stable, reproducible and clear EEG changes could be seen during 
alterations in body conditions such as from relaxation to alertness, 
sleep, or hypoxic conditions [15]. 

In 1934, the EEG idea was developed by Adrian and Matthews, 
validating the theory of “human brain ranges” and foundnormal 
fluctuations approximatelyfrom 10 to 12 Hz, and they namedit 
“alpha waves” [16]. These achievements and innovations became 
the springboard for research on the diversefunctions of EEG use. 
In addition, EEG frequently provides an entirely non-invasive 
procedure without any limitations to patients, healthy adults, and 
children [17]. For brain wave classification, an EEG recording is 
required for individuals depending on the application or research 
area. The subjects are asked to close their eyes and relax to obtain 
stable electrical signals from the detector. 

They are frequently quantified from the highest peak signals and 
scale from 0.5 to 100 µV in amplitude, which is approximately 
100 times smaller than ECG signals [18].EEG waveforms are de-
scribed based on their amplitude, location, frequency, symmetry, 
and reactivity [19]. Frequency is the most commonly utilized tech-
nique for classifying EEG waveforms. The standard bandwidth of 
the clinical EEG signal analysis extendsfrom 0.5 Hz to 70 Hz. This 
evaluationwas performed by bandpass filtering of the EEG record-
ed signals. EEG waves are labeled with Greek numerals as delta 
(from 0.5 to 4 Hz), theta (from 4 to 7 Hz), alpha (from 8 to 12 Hz), 
beta ( from 13 to 30 Hz), and gamma (from 30 to 80 Hz) [20]. The 
raw EEG signal is the signal extracted from EEG recordings and 
may include some non-cerebral signs known as artifacts. These are 
faults in the signal, such as movement potentials, eye movements, 
and changes in facial muscles. Occasionally, signals similar to 
ECG and EMG arecombinedwith EEG signal recordings[21]. Re-
cording faults are referred toas biomedical artifacts. Artifacts are 
highlychallengingto distinguish, asthese resemblereal raw EEG 
signals. Anothertype of artifact is environmental,such aspower 
line noise from AC, pulse, electrode stabilization, and preparation 
for subject recording. 

Removingphysical artifacts is vital from a healthviewpoint as 
a slight errorin understanding the EEG signal may have criti-
calrepercussions [22]. After the signal is prepared and filtered, 
severalmethodsshould be used to obtain the real signal. Feature 
extractionis one of the methods to analyze these signals. The fea-
ture extraction method is typically performed byapplying statis-
tical techniques[23]. Subsequently, the signal is classified using 
machine learning techniques such as support vector machines or 
neural networks[24], [25]. Bandpass filtering is applied to remove 
artifacts from the EEG recordings. Removal of the lower-or high-
er-band signals of the EEG frequency spectrum is anormal prac-
tice.Unfortunately, EEG calculationsmay lose varioussignificant 

physiological and pathological features extractedfrom brain activ-
ity [26, 27].

The 10–20 system is the traditional electrode placement method 
employedfor collecting raw EEGdata and is the standard method 
for existing databases[28].According to the EEG electrode, each 
electrode positionis characterized by a letter corresponding to the 
lobe area. Even numbers signify the right area and odd numbers 
point to the brain's left area[29]. The following text shows the EEG 
waveforms in clinical disorders.

EEG Waveforms
A. Delta (from 0.5 to 4Hz)
Delta waves are observed in high levels of deep-sleep conditions 
and are found in the frontocentral brain areas [30]. Uncontrolled 
delta waves are present in awake states in generalized brain dis-
orders [31]. Usually, frontal intermittent regular delta activity is 
described in individuals. Conversely, the occipital periodic rhyth-
mic delta activity is observed in children [32]. Moreover, temporal 
normal rhythmic delta waves are commonly found in individuals 
with temporal lobe epilepsy [33]. These waves are associated with 
tiredness and early stages of sleep. Delta waves are highly obvi-
ous within the frontal and central head areas. However, it slowly 
moves backward in the brain, substituting the alpha wave because 
of early tiredness [34].

B. Theta (from 4 to 7Hz) 
The relationship between creativity and daydreaming is a reposi-
tory of memories, emotions, and sensations [35]. Theta waves are 
strongly observed in situations requiring focus and hypervigilance 
or during meditation, prayer, and awareness [36]. Theta waves 
show the relationship between wakefulness and sleep. Enhanced 
emotional states might improve frontal regular theta waves in 
children and young adults [37]. Furthermore, focal theta action in 
conscious circumstances indicates focal cerebral dysfunction [34]. 

Patients suffering from attention-deficit hyperactivity disorder 
(ADD, ADHD), stroke, epilepsy, and head injuries can have ex-
tremely slow delta waves, normal theta waves, and rarely produce 
additional alpha waves [38].

C. Alpha (from 8 to 12Hz)
In EEG recordings, alpha waves in the occipital head area appear 
in the normal awake state. In healthy individuals, alpha waves 
are found as short variants [39]. Previous research has suggested 
that slowing of environmental alpha waves is a sign of cerebral 
dysfunction [40]. The best visualization of alpha rhythm is seen 
when individuals have their eyes closed and rest and is reduced 
due to eye-opening and conceptual thought [41]. Patients under 
stress disorder could not represent simplified alpha activity. It is 
non-reactive to internal or external motivations and expands to be 
called"alpha coma” [42]. Moreover, "Mu rhythm” is another vari-
ety of alpha waves that appear within the central head areas [43]. 
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D. Beta (from 13 to 30Hz) 
Beta waves are the most frequently observed waves in adults and 
children. This is obvious around the frontal and central head zones 
[44]. The amplitude of the beta wave is typically 10–20 µV and 
regularly rises during drowsiness [45]. In the sleep stages, beta 
waves are present in stage N1 sleep and subsequently reduced in 
stages N2 and N3 sleep [46]. Beta waves are important because 
most sedative medications, chloral hydrate, and benzodiazepines 
enhance the scale and quantity of beta action in individuals [47].

Focal and regional beta waves can appear together through cortical, 
subdural, and epidural injuries [48]. Beta relates to the conditions 
of thinking, mental and intellectual activity, and concentration. 

This is the dominant wave when the eyes are open. Beta occurs 
during hearing and imagination as a result of analytical problem 
solving, judgment, and decision making.

E. Gamma (from 30 to 80Hz)
Gamma waves have been recognized in sensory perception inte-
grating various areas. In previous studies on epilepsy [19], epi-
leptic foci produce periods of high-frequency activity. Intracranial 
strength recording signals from the epileptic hippocampus have 
revealed ultrafast frequency bursts, which are probably connected 
to the local epileptogenicity of brain tissue [49]. 

A faster EEG activity is associated with mental conditions and 
result-associated abilities. The significance of gamma patterns 
in a variety of cognitive purposes has been studied [50]. Brain 
stem-induced possibilities are a highly selected and consistently 
quantified classification of faster EEG signals [19]. Gamma-feel-
ing states involve thinking, integrating thoughts, and learning. In 

addition, they correlate tasks and behaviors with high-level knowl-
edge management. Table 1 shows the relationship between mental 
stress and the EEG band power.]

Discussion
The mental stress test is performed with a stressor(s) conducted in 
a laboratory setting. Several EEG power band tests were performed 
a decade ago for stress assessments. Five EEG power bands were 
identified based on EEG data acquisition and clinical experience. 

Delta brainwaves are prolonged, have a highamplitude, and do not 
provide certain diagnostic signs. Delta brainwaves appear when 
the brain areas develop offline to beginnutrition, and delta is ad-
ditionallylinked with educational disabilities [51]. Delta waves 
are produced by the brainstem and cerebellum. This indicates an 
unconscious mind. Delta waves usually reduce our awareness of 
physical activity[52]. The delta wave appears to be able to access 
data in our unconscious minds [53]. Delta waves are practical for 
brain healing from stress [54].

Theta brainwave activity generally indicates mental ineffective-
ness. Theta brainwave action appears in an extremelycomforta-
blesituation, which is a twilight zonebetween waking and sleep. It 
is also used in neurofeedback treatment [55].

When theta is high, the brain is employed overtime to recruit re-
sources. Theta is caused by the thalamocortical path and indicates 
the resources employed in the body [56]. High theta levels in the 
posterior region of the brain tend to be quiet and highly associated 
with the subconscious state. Theta is involved in anxiety, behavior-
al activation, and inhibition [57]. 

Table 1: Mental Stress and EEG Band Power Relationship

EEG Waveforms Relation to Mental Stress EEG Waveforms Behavior
Delta (0.5 to 4Hz) Delta waves are associated with healing 

and regeneration during our deep sleep cy-
cles. A few minutes of allowing our brains 
to tune into delta waves can decrease 
overactivity and stress of anxious thinking 
[30] [31].

Excessive: Brain injuries, learning prob-
lems, inability to think, severe ADHD
Inadequate: Inability to rejuvenate the 
body, inability to revitalize the brain, poor 
sleep
Optimum: Immune system, physicaltreat-
ment, restorative / intense sleep [34].

Theta (4 to 7Hz) Theta is detected in anxiety and behavioral 
with activation and inhibition. When the 
theta wave occurs, it mediates and pro-
motes interesting behaviors,for example, 
learning and memory. Under uncommon 
emotional situations, for instance, stress, 
there may be an imbalance of three key 
transmitter systems, which results in aber-
rant behavior [35], [36], [37].

Excessive: ADHD, unhappiness, hyperac-
tivity, impulsivity, daydreaming
Inadequate: Nervousness, low emotional 
perception, stress
Optimum: Imagination, emotional rela-
tionship, intuition, rest [38]
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The benefits of theta bands, when available, mediate and promote 
complicated education and memory [58]. In rare emotional condi-
tions, for example, stress, there may be an imbalance of the three 
foremost transmitter systems. In addition, a high theta/beta ratio is 
indicative of ADHD [59]. 

The alpha brainwaves are slower and more widespread. Alpha is 
caused by a resonance between the thalamus and the cortex [60]. 
Alpha is commonly used because it is related to relaxation and 
peacefulness. These brain bands were particularly prominent in 
the third part of the head area EEG studies of alcoholics have 
identified alpha waves only after extended cycles of abstinence. 
In addition, they regularly have smaller degrees of alpha and the-
ta brain bands and additional rapid beta action [61]. Outstanding 
alpha formation encourages mental creativity, aids in mental coor-
dination, and improves the general sense of meditation and fatigue 
[62]. Alpha waves develop from the white matter of the brain [63]. 
Alpha waves are highly substantial from the frontal and occipital 
cortex [64]. Alpha waves are more prominent in the right cere-
bral hemisphere than within the left hemisphere [65]. Alpha asym-
metry and closeness by the grown alpha waves are indicative of 
depression. Low alpha waves can indicate metabolic difficulties, 
toxins, depression, and body abuse [51]. An enhanced fast alpha 
in the posterior region may indicate emotional rumination. Alpha 
is associated with extroversion, creativity, and mental work. Low 
alpha power might be symptomatic of anxiety, PTSD, or short-

term memory impairment [66]. Low alpha increases cortisol in the 
brain, which affects the hippocampus and short-term memory, and 
research demonstrates stress results on the neuronal composition 
of the hippocampus, amygdala, and prefrontal cortex [67]. The al-
pha band is judged to be the most valuable frequency band of the 
brain for learning and using the information demonstrated [68].

Beta is a small and relatively fast brainwave. This is a condition 
of alertness [69]. If beta is insufficient, either all over or in small 
regions, the brain may have inadequate energy to meet peer group 
standards [70]. Beta represents desynchronized active brain tis-
sue. The beta must be superior on the left than on the right [71]. 
Heightened beta asymmetry in the right hemisphere is indicative 
of anxiety or stress [72]. Extreme beta waves may lead to stress 
circumstances [73].

Gamma waves are rapid, and some gamma activity is associated 
with intensely focused attention [50]. A decent memory is connect-
ed with a regulated and efficient 40 Hz action, although a 40 Hz 
deficiency generates educational disabilities [51]. When trained, 
it develops memory, language, and effortlessness during learning. 
Extreme gamma waves may lead to stress situations [54]. This re-
view addresses several outstanding questions [55]. 

Conclusion
A comprehensive set of comparisons was performed in this review 

Alpha (8 to 12Hz) Regular meditation and relaxation have 
been shown to enhance alpha waves and 
lower beta waves in the brain waves of 
effective thought and learning. This is the 
reasonwhy it is the most recommended for 
lowering stress. When alpha's reaction is 
non-existent or negative, the possibility 
of traumatic stress is suspected.In most 
harshly emotionally distressed fibromyal-
gia patients, the QEEG showed relatively 
minimal alpha activity and the most con-
siderablealpha power in the group with the 
least emotional distress [39],[40], [41].

Excessive: Dreaming, inability to concen-
trate, too calm
Inadequate: Nervousness, high stress, 
insomnia, OCD
Optimum: Rest [42]

Beta (13 to 30Hz) Stress, “traffic jam,” overwhelmed, cannot 
process activated networks. Beta wave is 
increased during stress [44], [45].

Excessive: Adrenaline, high arousal, fail-
ure to relax, stress
Inadequate: ADHD, daydreaming, depres-
sion, poor cognition
Optimum: Conscious focus, memory, 
problem-solving [48].

Gamma (30 to 80Hz) A fully standardized task with high eco-
logical validity [49].

Excessive: Nervousness, high-level arous-
al, stress
Inadequate: ADHD, depression, knowl-
edge disabilities
Optimum: Binding senses, cognition, 
knowledgehandling, learning, awareness, 
REM sleep [50].
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between the EEG power bands methods, and mental stress was 
widely used in lab sitting or clinical health. These comparisons' 
goal was to show the relevance and effective way to select the 
more convenient specific research areas related to mental stress 
and consider some bands' power features, limitations, and dis-
orders. These bands are effectively produced by EEG for stress 
detection to treatment. Bands power evaluation is generally em-
ployed to explore the mechanisms relating to psychological stress. 
EEG can understand the nervous system disease consequences 
and predict death risk, insensitive peoples. However, some mental 
stress examinations have not been fully identified, which weakens 
their trustworthiness and legitimacy as a research and clinical tool.

Acknowledgments
The author was supported by King Abdul-Aziz University (KAU). 

References
1.	 Slavich, G. M. (2016). Life stress and health: A review of con-

ceptual issues and recent findings. Teaching of Psychology, 
43(4), 346-355.

2.	 Schneiderman, N., Ironson, G., & Siegel, S. D. (2005). Stress 
and health: psychological, behavioral, and biological determi-
nants. Annual review of clinical psychology, 1, 607.

3.	 Won, E., & Kim, Y. K. (2016). Stress, the autonomic nervous 
system, and the immune-kynurenine pathway in the etiology 
of depression. Current neuropharmacology, 14(7), 665-673.

4.	 Hammen, C., Kim, E. Y., Eberhart, N. K., & Brennan, P. A. 
(2009). Chronic and acute stress and the prediction of major 
depression in women. Depression and anxiety, 26(8), 718-
723.

5.	 Yaribeygi, H., Panahi, Y., Sahraei, H., Johnston, T. P., & Sa-
hebkar, A. (2017). The impact of stress on body function: A 
review. EXCLI journal, 16, 1057.

6.	 Godoy, L. D., Rossignoli, M. T., Delfino-Pereira, P., Gar-
cia-Cairasco, N., & de Lima Umeoka, E. H. (2018). A com-
prehensive overview on stress neurobiology: basic concepts 
and clinical implications. Frontiers in behavioral neurosci-
ence, 127.

7.	 R. S and R. K. (2011). “Stress and hormones,” Indian J. Endo-
crinol. Metab., 15(1), 18-22.

8.	 Do Yup Lee, E. K., & Choi, M. H. (2015). Technical and clin-
ical aspects of cortisol as a biochemical marker of chronic 
stress. BMB reports, 48(4), 209.

9.	 Tsigos, C., Kyrou, I., Kassi, E., & Chrousos, G. P. (2020). 
Stress: endocrine physiology and pathophysiology. Endotext 
[Internet].

10.	 Giannakakis, G., Grigoriadis, D., Giannakaki, K., Siman-
tiraki, O., Roniotis, A., & Tsiknakis, M. (2019). Review on 
psychological stress detection using biosignals. IEEE Trans-
actions on Affective Computing.

11.	 Michel, C. M., & Brunet, D. (2019). EEG source imaging: a 
practical review of the analysis steps. Frontiers in neurology, 
10, 325.

12.	 Louis, E. K. S. (2011). Sleep and epilepsy: strange bedfellows 
no more. Minerva pneumologica, 50(3), 159.

13.	 Haas, L. F. (2003). Hans berger (1873–1941), richard caton 
(1842–1926), and electroencephalography. Journal of Neurol-
ogy, Neurosurgery & Psychiatry, 74(1), 9-9.

14.	 İnce, R., Adanır, S. S., & Sevmez, F. (2021). The inventor of 
electroencephalography (EEG): Hans Berger (1873–1941). 
Child's Nervous System, 37(9), 2723-2724.

15.	 Teplan, M. (2002). Fundamentals of EEG measurement. Mea-
surement science review, 2(2), 1-11.

16.	 Bronzino, J. D. (2014). Principles of electroencephalography. 
In Biomedical Engineering Fundamentals,  921-932.

17.	 Parvizi, J., & Kastner, S. (2018). Human intracranial EEG: 
promises and limitations. Nature neuroscience, 21(4), 474-
483.

18.	 Baura, G. (2011). Medical device technologies: Systems 
based overview using engineering standards. Academic Press.

19.	 Nayak, C. S., & Anilkumar, A. C. (2019). Eeg normal wave-
forms, 4(1), 41-48.

20.	 Vanhatalo, S., Voipio, J., & Kaila, K. (2005). Full-band EEG 
(fbEEG): a new standard for clinical electroencephalography. 
Clinical EEG and neuroscience, 36(4), 311-317.

21.	 Singh, B., & Wagatsuma, H. (2017). A removal of eye move-
ment and blink artifacts from EEG data using morphological 
component analysis. Computational and mathematical meth-
ods in medicine, 2017, 1-17.

22.	 Jiang, X., Bian, G. B., & Tian, Z. (2019). Removal of artifacts 
from EEG signals: a review. Sensors, 19(5), 987.

23.	 Kumar, J. S., & Bhuvaneswari, P. (2012). Analysis of Elec-
troencephalography (EEG) signals and its categorization–a 
study. Procedia engineering, 38, 2525-2536.

24.	 Amin, H. U., Mumtaz, W., Subhani, A. R., Saad, M. N. M., 
& Malik, A. S. (2017). Classification of EEG signals based 
on pattern recognition approach. Frontiers in computational 
neuroscience, 11, 103.

25.	 Gao, Y., Gao, B., Chen, Q., Liu, J., & Zhang, Y. (2020). Deep 
convolutional neural network-based epileptic electroenceph-
alogram (EEG) signal classification. Frontiers in neurology, 
11, 375.

26.	 Höller, P., Trinka, E., & Höller, Y. (2018). High-frequency 
oscillations in the scalp electroencephalogram: mission im-
possible without computational intelligence. Computational 
Intelligence and Neuroscience, 2018.

27.	 Demanuele, C., James, C. J., & Sonuga-Barke, E. J. (2007). 
Distinguishing low frequency oscillations within the 1/f spec-
tral behaviour of electromagnetic brain signals. Behavioral 
and Brain Functions, 3(1), 1-14.

28.	 Silverman, D. (1963). The rationale and history of the 10-20 
system of the International Federation. American Journal of 
EEG Technology, 3(1), 17-22.

29.	 Read, G. L., & Innis, I. J. (2017). Electroencephalography 
(Eeg). The international encyclopedia of communication re-
search methods, 1-18.

30.	 Sazgar, M., & Young, M. G. (2019). Normal EEG Awake and 



Int J Nanotechnol Nanomed, 2022     Volume 7 | Issue 2 | 117www.opastonline.com

Sleep. In Absolute Epilepsy and EEG Rotation Review, 127-
139.

31.	 Faigle, R., Sutter, R., & Kaplan, P. W. (2013). The electroen-
cephalography of encephalopathy in patients with endocrine 
and metabolic disorders. Journal of clinical neurophysiology: 
official publication of the American Electroencephalographic 
Society, 30(5), 505-516.

32.	 Watemberg, N., Linder, I., Dabby, R., Blumkin, L., & Ler-
man‐Sagie, T. (2007). Clinical correlates of occipital intermit-
tent rhythmic delta activity (OIRDA) in children. Epilepsia, 
48(2), 330-334.

33.	 Reiher, J., Beaudry, M., & Leduc, C. P. (1989). Temporal in-
termittent rhythmic delta activity (TIRDA) in the diagnosis of 
complex partial epilepsy: sensitivity, specificity and predic-
tive value. Canadian journal of neurological sciences, 16(4), 
398-401.

34.	 Britton, J. W., Frey, L. C., Hopp, J. L., Korb, P., Koubeissi, 
M. Z., & et al. (2016). Electroencephalography (EEG): an in-
troductory text and atlas of normal and abnormal findings in 
adults, children, and infants.

35.	 Koudelková, Z., & Strmiska, M. (2018). Introduction to the 
identification of brain waves based on their frequency. In 
MATEC Web of Conferences. EDP Sciences.

36.	 Hardgrave, M. D. (2010). The Effects of cellular theta breath-
ing meditation on cell mediated immune response: A con-
trolled, randomized investigation of altered consciousness 
and health.

37.	 Perone, S., Palanisamy, J., & Carlson, S. M. (2018). Age‐re-
lated change in brain rhythms from early to middle childhood: 
Links to executive function. Developmental science, 21(6), 
e12691.

38.	 Biederman, J., Feinberg, L., Chan, J., Adeyemo, B. O., Wood-
worth, K. Y., & et al. (2015). Mild traumatic brain injury and 
attention-deficit hyperactivity disorder in young student ath-
letes. The Journal of nervous and mental disease, 203(11), 
813-819.

39.	 Schomer, D. L. (2007). The normal EEG in an adult. In The 
clinical neurophysiology primer, 57-71. 

40.	 Andraus, M. E. C., & Alves-Leon, S. V. (2011). Non-epilep-
tiform EEG abnormalities: an overview. Arquivos de neu-
ro-psiquiatria, 69, 829-835.

41.	 Aich, T. K. (2014). Absent posterior alpha rhythm: An indirect 
indicator of seizure disorder?. Indian journal of psychiatry, 
56(1), 61-66.

42.	 Azabou, E., Navarro, V., Kubis, N., Gavaret, M., Heming, N., 
& et al. (2018). Value and mechanisms of EEG reactivity in 
the prognosis of patients with impaired consciousness: a sys-
tematic review. Critical Care, 22(1), 1-15.

43.	 Al Sawaf, A., Gudlavalleti, A., & Murr, N. (2021). EEG Basal 
Cortical Rhythms. StatPearls.

44.	 Cervone, R. L., & Blum, A. S. (2007). Normal variant EEG 
patterns. In The Clinical Neurophysiology Primer, 83-100.

45.	 García-Monge, A., Rodríguez-Navarro, H., González-Calvo, 
G., & Bores-García, D. (2020). Brain activity during different 

throwing games: EEG exploratory study. International Journal 
of Environmental Research and Public Health, 17(18), 6796.

46.	 Patel, A. K., Reddy, V., & Araujo, J. F. (2021). Physiology, 
sleep stages. In StatPearls [Internet]. StatPearls Publishing.

47.	 Becker, D. E. (2012). Pharmacodynamic considerations for 
moderate and deep sedation. Anesthesia progress, 59(1), 28-
42.

48.	 Gomez, C. R. (2008). Imaging of Intracranial Hemorrhage. 
CONTINUUM: Lifelong Learning in Neurology, 14(4), 37-
56.

49.	 Zijlmans, M., Jiruska, P., Zelmann, R., Leijten, F. S., Jefferys, 
J. G., & et al. (2012). High‐frequency oscillations as a new 
biomarker in epilepsy. Annals of neurology, 71(2), 169-178.

50.	 Jia, X., & Kohn, A. (2011). Gamma rhythms in the brain. 
PLoS biology, 9(4), e1001045.

51.	 S. Warner and D. Ph., (2013).  “Cheat Sheet for Neurofeed-
back,” Stress Ther. Solut.

52.	 Brown, R. E., Basheer, R., McKenna, J. T., Strecker, R. E., & 
McCarley, R. W. (2012). Control of sleep and wakefulness. 
Physiological reviews.

53.	 Başar, E., & Düzgün, A. (2016). Links of consciousness, per-
ception, and memory by means of delta oscillations of brain. 
Frontiers in Psychology, 7, 275.

54.	 Butt, M., Espinal, E., Aupperle, R. L., Nikulina, V., & Stewart, 
J. L. (2019). The electrical aftermath: brain signals of post-
traumatic stress disorder filtered through a clinical lens. Fron-
tiers in Psychiatry, 10, 368.

55.	 L. M. Andrade and D. De Micheli, Innovations in the treat-
ment of substance addiction. 2016.

56.	 Sarnthein, J., & Jeanmonod, D. (2007). High thalamocortical 
theta coherence in patients with Parkinson's disease. Journal 
of Neuroscience, 27(1), 124-131.

57.	 Cavanagh, J. F., & Shackman, A. J. (2015). Frontal midline 
theta reflects anxiety and cognitive control: meta-analytic evi-
dence. Journal of physiology-Paris, 109(1-3), 3-15.

58.	 Harish M. Chandarana., (2008). Biomedical electronics,17(5).
59.	 Newson, J. J., & Thiagarajan, T. C. (2019). EEG frequency 

bands in psychiatric disorders: a review of resting state stud-
ies. Frontiers in human neuroscience, 12, 521.

60.	 Roux, F., Wibral, M., Singer, W., Aru, J., & Uhlhaas, P. J. 
(2013). The phase of thalamic alpha activity modulates cor-
tical gamma-band activity: evidence from resting-state MEG 
recordings. Journal of Neuroscience, 33(45), 17827-17835.

61.	 Colrain, I. M., Nicholas, C. L., & Baker, F. C. (2014). Alcohol 
and the sleeping brain. Handbook of clinical neurology, 125, 
415-431.

62.	 Li, G., Huang, S., Xu, W., Jiao, W., Jiang, Y., Gao, Z., & 
Zhang, J. (2020). The impact of mental fatigue on brain ac-
tivity: a comparative study both in resting state and task state 
using EEG. BMC neuroscience, 21(1), 1-9.

63.	 Nunez, P. L., Srinivasan, R., & Fields, R. D. (2015). EEG 
functional connectivity, axon delays and white matter disease. 
Clinical neurophysiology, 126(1), 110-120.

64.	 Groppe, D. M., Bickel, S., Keller, C. J., Jain, S. K., Hwang, S. 



Int J Nanotechnol Nanomed, 2022     Volume 7 | Issue 2 | 118www.opastonline.com

T., Harden, C., & Mehta, A. D. (2013). Dominant frequencies 
of resting human brain activity as measured by the electrocor-
ticogram. Neuroimage, 79, 223-233.

65.	 Zhao, G., Zhang, Y., Ge, Y., Zheng, Y., Sun, X., & Zhang, K. 
(2018). Asymmetric hemisphere activation in tenderness: evi-
dence from EEG signals. Scientific reports, 8(1), 1-9.

66.	 Fenster, R. J., Lebois, L. A., Ressler, K. J., & Suh, J. (2018). 
Brain circuit dysfunction in post-traumatic stress disorder: 
from mouse to man. Nature Reviews Neuroscience, 19(9), 
535-551.

67.	 McEwen, B. S., Nasca, C., & Gray, J. D. (2016). Stress effects 
on neuronal structure: hippocampus, amygdala, and prefrontal 
cortex. Neuropsychopharmacology, 41(1), 3-23.

68.	 Klimesch, W. (2012). Alpha-band oscillations, attention, and 
controlled access to stored information. Trends in cognitive 
sciences, 16(12), 606-617.

69.	 Kučikienė, D., & Praninskienė, R. (2018). The impact of mu-
sic on the bioelectrical oscillations of the brain. Acta Medica 
Lituanica, 25(2), 101.

70.	 Blum, K., Chen, A. L. C., Braverman, E. R., Comings, D. E., 
Chen, T. J., Arcuri, V., ... & Oscar-Berman, M. (2008). At-
tention-deficit-hyperactivity disorder and reward deficiency 
syndrome. Neuropsychiatric disease and treatment.

71.	 Espenhahn, S., de Berker, A. O., van Wijk, B. C., Rossiter, H. 
E., & Ward, N. S. (2017). Movement-related beta oscillations 
show high intra-individual reliability. Neuroimage, 147, 175-
185.

72.	 Roohi-Azizi, M., Azimi, L., Heysieattalab, S., & Aamidfar, 
M. (2017). Changes of the brain’s bioelectrical activity in cog-
nition, consciousness, and some mental disorders. Medical 
journal of the Islamic Republic of Iran, 31, 53.

73.	 Ribas, V. R., Ribas, R. G., Nóbrega, J. D. A., Nóbrega, M. V. 
D., Espécie, J. A. D. A., Calafange, M. T., ... & Martins, H. A. 
D. L. (2018). Pattern of anxiety, insecurity, fear, panic and/
or phobia observed by quantitative electroencephalography 
(QEEG). Dementia & neuropsychologia, 12, 264-271.

74.	 Attar, E. T., Balasubramanian, V., Subasi, E., & Kaya, M. 
(2021). Stress Analysis Based on Simultaneous Heart Rate 
Variability and EEG Monitoring. IEEE Journal of Translation-
al Engineering in Health and Medicine, 9, 1-7.

75.	 Attar, E. T. (2022). Depression Evaluation via Heart Rate 
Variability and Body Temperature. International Transaction 
Journal of Engineering, Management, & Applied Sciences & 
Technologies, 13(4), 1-9.

76.	 Eyad Talal Attar., Mehmet Kaya., (2019). "Quantitative As-
sessment of Stress Levels with Biomedical Sensors" IEEE 
45th Annual Northeast Biomedical Engineering Conference 
(NEBEC).

77.	 Attar, E. (2022). Human Attention and Electroencephalo-
grams.

Copyright: ©2022 EYAD TALAL ATTAR. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original author and source are credited.


