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Abstract
The clinical use of the quantitative EEG (QEEG) from the pioneering work of John has received a new impetus thanks to new
neuroimaging techniques and the possibility of using a number of normative databases both of normal subjects and of subjects
with definite pathologies. In this direction, the term personalized medicine is becoming more and more common, a medical
procedure that separates patients into different groups based on their predicted response to the quantitative EEG. This has
allowed the study of single subjects and to customize health care, with decisions and treatments tailored to each individual
patient, as well as improvement of knowledge of the pathophysiological mechanisms of specific diseases. This review article
will present the most recent evidence in the field of developmental neuropsychiatric disorders obtained from the application
of quantitative EEG both in clinical group studies (attention deficit hyperactivity disorder, developmental dyslexia, oppositional
defiant disorder) and in individual case studies not yet published.
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Introduction
Historically, conventional EEG has added little to the understanding of childhood psychiatric disorders, other than to rule
out epilepsy or space occupying lesions. However, the advent of
computerized, quantitative methods, from the pioneering work
of John,1 together with new neuroimaging techniques as brain
sources localization and the availability of normative databases
both of normal subjects and of subjects with definite pathologies
has greatly enhanced the clinical application in neurodevelopmental disorders. Furthermore, in these past years, it has become
more and more apparent that groups of patients with neuropsychiatric disorders, who meet symptom based diagnostic criteria
for specific disorders (Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition [DSM-IV] or International
Classification of Diseases, 10th Revision [ICD-10]) have varied
responses to treatment, despite their relatively homogeneous
clinical presentation. Using clinical diagnosis, the “treatment of
choice” leads to a positive response approximately 60% of the
time.2 This poor response rate suggests heterogeneity within
these relatively homogeneous clinical populations. In this direction, the term personalized medicine is becoming more and more
common, a medical procedure that separates patients into different groups based on their electrophysiological profiles and predicted response to the quantitative EEG. This has allowed the
study of single subjects and to customize health care, with

decisions and treatments tailored to each individual patient, as
well as improvement of knowledge of the pathophysiological
mechanisms of specific diseases.

The Debate Around the Use of the
Quantitative EEG in Clinical Practice
The use of quantitative EEG (QEEG) in clinical practice has
always been hotly debated. The Clinical Practice Guideline for
the Diagnosis, Evaluation, and Treatment of Attention-Deficit/
Hyperactivity Disorder in Children and Adolescents of the
American Academy of Pediatrics3 states that to make a diagnosis of attention deficit hyperactivity disorder (ADHD), clinicians should conduct a clinical interview with parents, examine
and observe the child, and obtain information from parents and
teachers through DSM-based ADHD rating scales. One of the
research questions developed by an ad hoc subcommittee was
the following: “What is the comparative diagnostic accuracy of
1

International Center for Learning, Attention and Hyperactivity Disorders
(CIDAAI), Milan, Italy
Corresponding Author:
Giuseppe Augusto Chiarenza, International Center for Learning, Attention
and Hyperactivity Disorders (CIDAAI), via Edolo 46, Milan, 20125, Italy.
Email: giuseppe.chiarenza@fastwebnet.it

2

Clinical EEG and Neuroscience 00(0)

EEG, imaging, or executive function approaches that can be
used in the primary care practice setting or by specialists to
diagnose ADHD among individuals aged 7 to their 18th birthday?” The only answer to this question is the following: “The
use of neuropsychological testing has not been found to
improve diagnostic accuracy in most cases, although it may
have benefit in clarifying the child or adolescent’s learning
strengths and weaknesses.”
The use of QEEG as a diagnostic tool has always been
widely debated with numerous works in favor and others
against. This uncertainty, in my opinion, stems from the fact
that ADHD is not a disease but a syndrome. This primarily
implies that the inclusion and exclusion criteria are not always
homogeneous in the various studies, the diagnostic criteria are
mainly based on clinical evaluations and scales that introduce
further variability. This is to mention just a few factors without
neglecting the more strictly technical ones related to the recording of the QEEG and to the physiological conditions of the
subject examined, both normal and with ADHD. Quintana
et al4 in a recent study of comparison of a standard psychiatric
evaluation to rating scales and EEG in the differential diagnosis of attention deficit hyperactivity disorder affirm that numerous studies have been conducted to establish the validity and
reliability of ratings scales as an assessment tool for ADHD as
covered in a recent 10-year review.5 A broad review of the literature demonstrates that when taking statistical methods and
experimental designs of these studies into consideration, the
expected range of accuracy for rating scales is 55% to 79% in
the identification of ADHD versus controls. In their study,
Quintana et al4 report that
. . . rating scales were likely to classify attention, impulsivity, and/
or hyperactivity symptoms as being due to ADHD, regardless of
the actual underlying disorder, leading to a sensitivity of 81% and
a specificity of 22% for the rating scales when applied to a clinical
sample. The overall classification accuracy of the rating scales was
60%.

As far as the accuracy of the QEEG, Quintana et al4 write that
the age-matched EEG pattern for ADHD was observed to be
present in 15 of 16 subjects diagnosed by the standard psychiatric
evaluation as having ADHD (sensitivity = 94%). Regardless of
the presence of ADHD-like symptoms, the EEG pattern for ADHD
did not occur in any of these non-ADHD patients (specificity =
100%). The overall classification accuracy of the EEG test was
96%.

The authors conclude that QEEG may play a significant role in
ADHD differential diagnosis. Similar classification accuracy
results were obtained in other studies.6-12
On the contrary, recent review of meta-analysis failing to
confirm the usefulness of theta-beta ratio in eyes open condition in the diagnosis of ADHD.13 In addition, Ogrim et al14
reported a signiﬁcant elevated theta characteristic of a subgroup of ADHD patients that was correlated with inattention
and executive problems with an accuracy of 62% at Cz.

However, it is a well-known fact that EEG activity shows a
high variability with age. To assess what is normal or what
deviates from normality, the subject’s age has to be considered.
To facilitate deviation from normality, assessment in the QEEG
normative database have been recorded and regression equation against the age have been calculated. In this way, z scores
are obtained using the raw spectra parameters and the means
and standard deviations calculated from the normative data for
the same parameter. This transformation accounts for the age
variability in the EEG data.15 Although EEG differences
between eyes open and eyes closed are important to assess
some pathological activities in the brain, the majority of databases used in the QEEG contain only information about eyes
closed condition.
In this article, we focus on the study of EEG activity during
resting state, which is the purpose of QEEG analysis. However,
it has to be understood that EEG analysis is not appropriate
when analyzing task-related brain activities. For that case, we
suggest the technique of event-related potentials.
In order to provide a further contribution to the clinical utility of the quantitative EEG, the most recent evidences in the
field of developmental neuropsychiatric disorders are presented in this review article obtained from the application of
quantitative EEG both in clinical group studies, developmental
dyslexia, reading retardation, ADHD with and without oppositional defiant disorder and in 2 case studies, not yet published
and selected from the database of the International Center for
Learning, Attention and Hyperactivity Disorders (CIDAAI).
The appendix describes the method of acquisition and processing of EEG signal used in studies whose results will be
described here below.

Developmental Dyslexia and Reading
Retardation
Boder and Jarrico16 have developed a diagnostic screening procedure which identifies three main subtypes of dyslexia: dysphonetic dyslexia (DD), dyseidetic and mixed, besides a fourth
group defined nonspecific reading delay (NSRD). These subgroups are identified by an algorithm that considers the reading
quotient and the percentage of errors of the spelling test. The
early identification of this NSRD subgroup, frequently overlooked or confounded with dysphonetic dyslexia, has evident
clinical implications for diagnosis, therapy, and prognosis.
While specific learning disabilities have been extensively studied with QEEG, reading retardation has not received the same
attention instead. John1 and Duffy et al17 reported QEEG
abnormalities in both hemispheres in dyslexic children at rest
as well as during complex testing. John et al18 found abnormal
QEEGs present in 32.7% of the children with specific learning
disorder (SLD) and 38.1% of the children with learning disorder (LD) groups, whereas only 5.5% of an independent sample
of normal children had abnormal QEEGs. Children with learning disorders were shown to have different patterns of brain
maturation than normal control subjects. Normal subjects, with
increased age show an increase of posterior/vertex EEG
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coherence and a decrease in coherence in frontal areas.
Increased differentiation of frontal cortical regions, with age,
leads to increased communication across basic sensory and
association cortex. These systematic maturational changes are
often not seen in children with learning disorders. Flynn and
Deering19 and Flynn et al,20 using the Boder test classification,21 investigated whether electrophysiological evidence
among dyslexic subgroups, could be demonstrated by analysis
of QEEG patterns during school-related tasks. The authors
found increased left temporo-parietal theta activity in dyseidetic children assuming an overuse of the left-language system
activation in patients with visuo-spatial problems recognition.
Casarotto et al,22 using reading-related potentials recorded during reading aloud self-paced single-letter, showed that children
with DD had abnormal activation at short latencies in the left
temporal polar area, at middle latencies in the temporal polar
and inferior frontal regions bilaterally and at long latencies in
fronto-temporal regions of the right hemisphere. This indicates
an early involvement of frontal regions during reading and it
may be related to a significantly higher activation of the right
hemisphere. This would seem very likely to be related to compensatory mechanisms adopted by reading-impaired children
to improve their performance. On the contrary, impaired activation of the dyslexic group was present in the left and medial
parietal regions: at short and middle latencies, it was present in
the angular and then in the supramarginal gyrus; at long latencies, it moved in the middle precuneus and occipital lobe.
Therefore, behavioral signs of reading impairment can be
related to reduced activation in the left dorsal parieto-occipital
regions that have been shown to be specifically involved in
reading processes and particularly in the storage and processing of the visual and auditory representations of alphabetic
characters.23 These results are consistent with previous findings of greater recruitment of cerebral regions in the right
hemisphere in dyslexic children in comparison with controls.24
Although all the cited studies identify the left temporo-parietal
region as the region where the greatest differences between
normal and dyslexic subjects are found, electrophysiological
differences between subtypes of dyslexia according to Boder
classification have not been further confirmed also due to different clinical classifications. Furthermore, we are not aware of
studies that compare children with different subtypes of dyslexia with children with NSRD using electrophysiological
methods. Recently, we have used QEEG to indicate which children with learning problems have a measurable underlying
neurophysiological dysfunction and which do not.25 The possibility of identifying early indicators of children with NSRD
has obvious therapeutic and prognostic implications as well as
clinical ones, above all to avoid that they are not identified,
diagnosed, and treated belatedly, until the secondary school
level or confounded with children with DD. In comparison
with the children with reading delay, the children with DD
showed significant excess in delta band in the middle line (Fz,
Cz, and Pz), as well as Fp2 and the occipital leads bilaterally
(O1 and O2). A significant excess in high theta (6-7.5 Hz) and
low alpha (7.5-8.5 Hz) bands was also present in the Fz, Cz,
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and Fp2. Fz, Cz, and Pz also showed significant excess of
activity in the DD group. However, a significant reduction of
high alpha (11-12.5 Hz) activity was present in the DD group
bilaterally in F3, C3, C4, and in P3. Additionally, significant
reduction was also present in the left leads F7, F3, C3, P3, and
T5. Figure 1 shows the significant differences of the t test at the
source spectra of DD versus NSRD. The t tests at the sources
showed a significant increase of activity of DD with regard to
NSRD in delta, low (4.29 Hz) and high theta (7.5 Hz) bands,
and a significant decrease of DD with regard to NSRD in beta
band (18-19 Hz). In the delta band: bilaterally in the calcarine
sulcus, cuneus, precuneus, lingual, occipital (superior, middle,
and inferior lobes), fusiform and superior parietal gyrus; the
right inferior parietal, the right angular gyrus and the right
paracentral lobule. In the low theta band: the right superior
parietal and the right inferior parietal gyrus. In the high theta
band: bilaterally the frontal medial orbital and the right superior medial frontal gyri. In the beta band: bilaterally the calcarine sulcus, lingual and fusiform inferior gyri; the left occipital
(superior, medial and inferior) gyrus, superior and inferior parietal gyrus, supramarginal gyrus, angular gyrus and middle and
inferior temporal gyrus.
The observation of the differences of EEG source spectra
between the 2 groups allows us to add further considerations.
The first observation concerns the excess of delta and theta
activity that is found in the dysphonetic subjects in a standard
EEG recorded at rest, with eyes closed. This fact reinforces the
hypothesis that dyslexia is not only a functional disorder, but the
result of a structural disorder as reported by the studies of
Galaburda,26 which found in the brain of 5 severe dyslexics
adults, the right temporal planum wider than the left in 100% of
cases. In addition, a high frequency of microdysgenesis was
also observed, particularly in the left frontal and temporal opercula. This report was subsequently confirmed by Shaywitz
et al27 who performed a series of language-based activation
tasks with progressively increasing phonologic demands using
functional magnetic resonance imaging (fMRI) in dyslexic
adults. There was underactivation of the left posterior perysilvian and occipital regions (Wernicke’s area, the angular gyrus,
and striate cortex) and overactivation to even simple phonologic
task in both left anterior (inferior frontal gyrus) and right posterior perisylvian regions. A certain dysregulation of the motor
areas in dyslexic subjects has long been known.28,29 Dyslexic
patients have difficulty processing both rapid and visual stimuli
as well as in generating rapid bimanual motor output. In 1982,
Chiarenza et al30 recorded the brain electrical activity, called
“movement-related brain potentials,” during a skilled motor
task that to be performed adequately, required bimanual coordination, bimanual ballistic movements, adaptive programming
and learning a proper timing. The dyslexic children presented a
deficit of programming movements, a deficit of visual and kinesthetic sensory processes, and a reduced capacity to evaluate
their performance and correct their errors. Chiarenza31 advanced
the hypothesis that dyslexia is not only a phonological or
gestalt deficit but also a praxic disorder in which praxic abilities, such as motor programming, sequential and sensorial motor
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Figure 1. Significant differences of the t test at the source spectra of dysphonetic dyslexia (DD) versus nonspecific reading delay (NSRD).
Red and yellow values indicate an excess of DD compared with NSRD; values in the blue scale indicate excess of NSRD compared with
DD. Threshold corrected by multiple comparisons. Differences are concentrated in very narrow bands of frequencies. In general, DD have
an excess of slow activity (delta and slightly theta) and a defect of fast activity (beta band). Age-dependent z score spectra of the EEG at the
sources were used in this study. The z scores were calculated using the Cuban Normative Database and the QEEGT software developed by
the Cuban Neuroscience Center.

integration and evaluation processes, are required and somehow
defective in dyslexia. In addition, Chiarenza et al30 have
observed that dyslexic children showed a latency delay of
movement-related potentials significantly different across the
various cerebral areas during the same skilled motor task.
Therefore, we have hypothesized that dyslexia could be the
result of a timing defect that causes an integration defect and
dysfunction of numerous processes hierarchically organized
that occur at different levels and times. Also, Llinas32 hypothesizes that at the base of the pathophysiology of dyslexia exists a
more basic deficit of timing. This dynamic interplay of different
frequencies in different brain areas confirms the idea of how the
process of reading and writing occurs through a complex network in different brain areas and therefore it seems plausible
that an alteration at one point in the network is inevitably
reflected in other areas of the brain. A possible explanation of
this temporal dysregulation could be a compensatory mechanism or, alternatively, the fact that in the dysphonetic subjects,
the normal automatic interplay of gestalt and analytic-synthetic
processes is interrupted. The DD subjects tend to persist in the
gestalt approach preferring to guess at unfamiliar words rather
than employ their word analysis skills. This apparently unusual
reading mode of DD subjects is one of the reasons for early
referral of teachers to child neuropsychiatrists. Subjects with
NSRD, on the other hand, who made fewer misspellings both
when reading and writing than DD subjects, but still present at
the end of primary school, were referred late. Indeed, the comparison between the 2 groups of subjects revealed that the age of
the Direct Test of Reading and Spelling (DTRS) testing was
highly significant (P = .0129, t = 12.51). The children with

NSRD were significantly older at the time of testing than those
with DD and consequently had a significantly lower reading
quotient than the subjects with DD.

ADHD and Oppositional Defiant
Disorder
Oppositional defiant disorder (ODD) and attention deficit
hyperactivity disorder combined subtype (ADHD-C) are developmental disorders that are among the most commonly diagnosed mental health conditions in childhood.33,34 ODD is a
condition involving problems in self-control of emotions and
behaviors. The essential features are frequent and persistent
pattern of angry/irritable mood, argumentative/defiant behavior, or vindictiveness.35 The disturbance in behavior is associated with distress in the individual or others in his or her
immediate social context or it affects negatively on social, educational, or other important areas of functioning. One of the
most frequent comorbidities associated to ODD is ADHD. The
frequency with which ODD is associated with ADHD is 39%
while that of anxiety disorders is 34% and 14% that of conduct
disorders.36 The essential feature of ADHD is a persistent pattern of inattention and/or hyperactivity that interferes with
functioning or development and causes impairment in multiple
settings: home, school and work. Barkley37-40 describes
ADHD-C as a deficit in behavioral inhibition of 4 executive
neuropsychological functions: working memory, self-regulation of affect–motivation–arousal, internalization of speech
and reconstruction. Extensive neuroimaging studies (eventrelated potentials, positron emission tomography, fMRI) have
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Figure 2. Brain regions selected by the classification procedure as biomarkers at the sources: left insula, right lateral orbito-frontal gyrus,
right cingular region, right angular gyrus, right inferior occipital gyrus, left occipital pole, right medial orbito-frontal gyrus. The classification
algorithm was applied to the age-dependent z score spectra of the EEG at the sources. The z scores were calculated using the Cuban
Normative Database and the QEEGT software developed by the Cuban Neuroscience Center.

demonstrated that during the execution of cognitive tasks, children with ADHD show a pattern of hypoactivation of the prefrontal lobes and of the striatal regions.41-48 Neurophysiological
studies have shown that different EEG patterns exist in ADHD
children. The most frequent EEG patterns consist of elevated
high amplitude theta with deficit or excess of beta activity and
reduced alpha activity. This profile has been found primarily in
children with the combined type of ADHD.6,49,50 Several studies have been conducted to associate these neurophysiological
patterns with the diverse and multiform comorbidities present
in ADHD subjects.6,51,52,53 Although ADHD-C and ODD seem
to share some similarities at neurofunctional level, Barry and
Clarke54 found little EEG difference between groups of children with ADHD, with and without ODD.
Chiarenza et al55 compared the QEEG at the scalp and at the
sources of subjects with ADHD-C with those of subjects with
ADHD-C and ODD in order to identify possible electrophysiological biomarkers able to differentiate the 2 groups.
Significant differences between the groups were found in the
absolute power spectra z-score in the right hemisphere: F4 at 1.7
Hz and at 5.4 Hz and F8 at 17.5 Hz. The group of children with
ADHD-C had significant higher values in the delta, theta, and
beta bands than the group of children with ADHD-C + ODD. It
has been frequently reported that children with ADHD have
EEG patterns consisting of elevated delta and theta absolute
power with deficit or excess of beta activity. This profile has
been found primarily in children with the combined type of
ADHD.56 F4 and F8 cover part of the prefrontal cortex and

middle frontal gyrus and in particular the dorso-lateral prefrontal
cortex. These areas play a fundamental role in several executive
functions, executive control of behavior,57 inferential reasoning,58 decision making.59 These functions are impaired in children with ADHD_C.37,38 These 2 groups of children that have
ADHD-C in common, seem to lack in the executive control of
behavior. It is also known that these areas of the right hemisphere
are involved in modulating emotions, reacting properly to stressful situations, understanding other intentions for deciding appropriate behavior.
Figure 2 shows the brain regions selected as biomarkers by
the classification procedure.60 In theta band, the left insula and
the right lateral fronto-orbital gyrus were selected. In alpha
band, the most significant regions were the right lateral frontoorbital gyrus, the right angular gyrus, and the right cingular
region. In beta band, the most significant sources were the right
lateral fronto-orbital gyrus, the right medial fronto-orbital
gyrus, the right inferior occipital gyrus, and the left occipital
pole. The orbito-frontal cortex (OFC), therefore, is the area
most present in all frequency bands except delta band where no
regions of interest were significantly present. Many researches
support that the main disorders associated with dysregulated
OFC connectivity/circuitry are related with decision making,
emotion regulation, and reward expectation.61-63 More specifically, a large meta-analysis of the existing neuroimaging studies demonstrated that activity in medial parts of the OFC is
related to the monitoring, learning, and memory of the reward
value of reinforcers, whereas activity in lateral OFC is related
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to the evaluation of punishers, which may lead to a change in
ongoing behavior.64-66 OFC seems to be important in signaling
the expected rewards/punishments of an action given the details
of a situation. In doing this, the brain can compare the expected
reward/punishment with the actual delivery of reward/punishment, thus making the OFC critical for adaptive learning.67
Children with ADHD-C + ODD appear more dysregulated in
modulating social behavior and in the control of mood and
motivational drive, function(s) that are important components
of the personality of an individual.

ADHD and Pharmacotherapy
Recent evidence indicates that quantitative EEG is a powerful
tool in pharmaco-EEG applications. The identification of treatment responsive QEEG subtypes has been described in depression,68,69 obsessive-compulsive disorder,70 and schizophrenia,71
suggesting that understanding of the underlying neurophysiology of the patient can contribute significantly to treatment optimization. QEEG has been shown to distinguish between ADHD
responders (R) and nonresponders (NR) to stimulant medication with sensitivity levels that fell between 68.7% and 81%
with response to stimulants related to ADHD subtypes based
on QEEG profile differences.42,72 Another class of drugs used
in ADHD is a selective inhibitor of norepinephrine transporters
(SNRI), atomoxetine (ATX). Barry et al54,73 investigated the
effects of a single dose of ATX, on the EEG and performance
of children with ADHD. After 1 hour, ATX produced significant global increases in absolute and relative beta, with several
topographic changes in other bands. This was accompanied by
a significant reduction in omission errors on a continuous performance task. The authors concluded that SNRIs can produce
substantial normalization of the ADHD profile, together with
behavioral performance improvements. Recently, Chiarenza
et al74 have reported the quantitative EEG characteristics of
responders and nonresponders to long-term treatment with
ATX in children with ADHDs. The subjects were classified as
responders (R) and nonresponders (NR) based on an increase/
decrease of SNAP (Swanson, Nolan, and Pelham–IV
Questionnaire) z scores values between baseline and each of
the time points (treatment). Subjects with a 30% increase or
greater in SNAP scores were classified as responders. Subjects
with a decrease of 30% or more in SNAP scores were called
nonresponders. Figure 3 presents color coded head maps of
Z-absolute power (compared with database of normal children)
separately for the R and NR groups at baseline, 6 months, and
12 months following treatment. The effects of therapy are
clearly visible at 6 months when R are compared with NR.
Differences between R and NR were seen at baseline: The R
show greater activity in the right prefrontal and frontal regions
compared with the NR in the delta band. Theta activity is
greater in the NR in the left temporal and parietal areas. The
NR had greater alpha absolute power in central and left temporo-parietal and occipital regions bilaterally. Absolute power
in the beta band especially in the posterior regions is higher in

Figure 3. Average Z-score maps of absolute power for the delta,
theta, alpha, and beta frequency bands of the responders (a) and
nonresponders (b) at baseline, 6 months, and 12 months. Z-scores
are relative to the normal population with statistical significance at
the P = .01 level equal to a Z-score of 1.96/√N. Age-dependent
z score spectra of the EEG at the sources were used in this study.
The z scores were calculated using the Nxlink data and software.

the NR. At 12 months of therapy, the R show a normalization
of absolute power in all frequency bands while the NR maintain the excess of activity in all frequency bands except the
alpha band. The differences between R and NR at 12 months
were highly significant especially in the delta band posteriorly,
the theta band centrally and the beta band anteriorly. Source
localization proved also useful by indicating the cortical structures which show abnormal function in children with ADHD.
ATX responders showed increased activation in right middle,
superior, and inferior temporal gyrus, right insula, pre- and
postcentral gyrus, supramarginal gyrus, middle frontal gyrus,
posterior cingulate region, angular gyrus, medial frontal gyrus,
and superior parietal lobe. This increased activation decreased
after 6 and 12 months of ATX. Nonresponders to ATX showed
increased activation in right medial, inferior, and superior temporal gyrus, pre- and postcentral gyrus, left inferior frontal
gyrus, supramarginal gyrus, left medial frontal gyrus, the angular gyrus. This increased activation remained constant despite
12 months of treatment with ATX. The reduced activation
remained the same in the occipito-temporal gyrus and the cerebellum. Similar findings have been reported with different

Chiarenza
techniques supporting the evidence that these cerebral areas are
involved in the pathophysiology of ADHD.40 The analysis of
sources localization shows that at baseline the brain regions
that show an excess of beta activity are the same in R and in
NR. This might suggest that subjects with ADHD-C both R and
NR share the same structural organization. What distinguishes
the R from NR is the functional organization as it appears by
absolute power spectra. The NR continued to have an excess of
beta activity and an excess of delta and theta activity.

Case Studies
QEEG is also a useful tool to validate medication efficacy on a
case by case basis using prescriptive databases that enable to
“predict” the likelihood of yielding a therapeutic effect (either
positive or negative). A 9.6-year-old girl was diagnosed with a
severe ADHD-C with moderate mental retardation of genetic
nature. Her full IQ was 44 measured with WPPSI-III (Wechsler
Preschool and Primary Scale of Intelligence–III) when she was
7 years old. Before therapy, the DSM-IV Conners teacher rating
scale,75 for inattention and for hyperactivity and impulsivity
were above 90. The z scores absolute power maps showed an
excess of delta and theta activity, reduced alfa in the posterior
regions, significant asymmetry (left > right) on the central and
temporal areas in the delta, theta and alpha bands and a significant hypercoherence in the prefrontal and occipital regions.
The discriminant scores were suggestive of ADHD (P <
.0025). One of the EEG characteristics commonly present in
ADHD include increased theta, particularly in frontal regions,
and decreased or increased beta, particularly in posterior
regions of the brain.76-79 The majority of the literature suggests
that acute administration of stimulants in patients with ADHD
produce global EEG shifts toward normalization of EEG patterns characterized by increased beta and decreased slow
waves.80,81 Lubar et al82 have also reported other acute positive
effects following stimulant medication on other EEG measures,
such as phase, coherence, and symmetry, suggesting improvement in cortical communication. Those who respond positively
to stimulants treatment have also corresponding improvements
in cognition.83 Stimulants have been shown to reduce certain
risk-prone behaviors,84 enhance working memory in children85
and adults,86 and improve inhibitory control, performance
accuracy and intellectual function.87,88 Another important clinical sign of this subject was her mental retardation. EEG abnormalities in subjects with intellectual disability with a frequency
ranging from 23% to 50% depending on the degree of severity
of mental retardation is found quite frequently. These abnormalities have been found mainly in the frontal and left temporal cortex.89 In subjects with fragile X syndrome (FXS), Van
der Molen and Van der Molen90 have reported signiﬁcantly
higher mean relative theta power and mean upper alpha power
signiﬁcantly lower in FXS than in controls. Therefore, based
on the evidences reported in the literature,91 despite the understandable initial resistance of parents and of the attending physician to accept and initiate drug therapy, the objective evidence
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reported by the QEEG and the Conners rating scales recommended the use of methylphenidate as a first-choice drug. After
3 months of treatment with methylphenidate hydrochloride (20
mg/d), the absolute power in the delta band was normalized
and the excess of theta was restricted only to frontal areas. The
asymmetry in the delta, theta, and alpha bands was not anymore present as well as the hypercoherence in the delta and
theta band in the posterior regions (Figure 4). The patient’s discriminant scores of the QEEG were not anymore indicative of
ADHD but suggested the presence of abnormal features. The
features making the largest contribution to this classification
were: bipolar relative power for F7-T3 at combined frequencies and bipolar coherence for C3-Cz and C4-Cz at theta frequency. These features, as reported above, could be related to
her mental retardation. After treatment, the Conners teacher
rating scale showed that the oppositional behavior and perfectionism were within normal limits, her cognitive and attentional problems and hyperactivity were of borderline values
(Table 1).
The 3-month follow-up of the QEEG and of the Conners
rating scales confirmed the correctness of the pharmacological
indication with stimulants and its continuation.

QEEG and Diagnostic Confirmation
The new techniques of EEG sources localization (sLORETA,92
VARETA15) has given a new impulse to neuropsychological
studies as it allows to associate clinical symptoms with possible dysregulation of brain rhythms. FL is a 14-year-old boy
sent by teachers for a suspect of specific learning disabilities.
All the clinical and neuropsychological tests were in the normal range except for the presence of micrography, which was
orthographically correct but making the text almost illegible.
The current source density analysis showed an hypoactivation
at 3.5 Hz. The 3D sources localization (sLORETA) showed
that the most probable sources with minimum value (z score =
−3.9) were located at temporal lobe, fusiform gyrus, Brodmann
area 37 bilaterally. In addition, an hyperactivation at 11.7 Hz
was observed: the most probable sources with maximum value
(z score = 4.8) were located at frontal lobe, paracentral lobule,
Brodmann area 5 (Figure 5).
It is well known that BA37 is involved in associations of
words with visual percepts. It is involved in some aspects of
reading (eg, single letter processing and orthography-phonology link), because of visual-language associations. Disturbances
in drawing (constructional apraxia or simply visuo-constructive disorder) are observed in cases of right hemisphere pathology, and according to fMRI studies, drawing activates right
Brodmann area 37. The Brodmann area 5, the superior parietal
lobe, is part of the sensory-motor associative cortex and is
clearly involved in the visuo-spatial processing and spatial
images. It could therefore be proposed that the dysregulation of
these two areas could play a role for the micrography. Currently,
the EEG source localization technique is being used not only as
diagnostic tool but also as therapeutic one Recently the z score
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Figure 4. Z-score maps of absolute power, relative power, asymmetry and coherence for the delta, theta, alpha, and beta frequency bands
and the discriminant score before and after treatment to methylphenidate hydrochloride 20 mg. Age-dependent z-score spectra of the EEG
at the sources were used in this study. The z scores were calculated using the Nxlink data and software.
Table 1. Results of the Conners teachers’ rating scale before and after treatment to methylphenidate hydrochloride 20 mg.
Conners teachers’ scale scores

Before treatment (T values)a

After treatment (T values)a

74
75
90
82
58
88
90
90
90
90

46
56
66
86
43
59
80
77
60
74

Oppositional
Cognitive/attention problems
Hyperactivity
Anxious/shy
Perfectionism
Social problems
ADHD Conners Index
DSM-IV: Attention
DSM-IV: Hyperactivity/impulsivity
DSM-IV: Total

Abbreviations: ADHD, attention deficit hyperactivity disorder; DSM-IV, Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition.
a
T values: <55, not significant; 55-64, borderline; 65-69, significant; >70, highly significant.

sLORETA has been used to target the brain regions for neurofeedback training in depressed patients.93
In conclusion, using QEEG features, including age regression, clear abnormalities can be seen in all of the developmental
disorders studied. Distinctive patterns of abnormalities can be
seen in different diagnostic groups. The possibility to discriminate between different groups and normal with high sensitivity

and specificity could help solve the problem of various comorbidities in a complex syndrome such as ADHD. The possibility
to improve the neurophysiological typing of ADHD and the
response to drugs could facilitate the identification of safer
drugs and to monitor their therapeutic effects in the long term.
Last but not least, QEEG may improve scientific knowledge of
neurodevelopmental disorders.

Chiarenza
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Figure 5. Volumetric 3-dimensional LORETA (standard low-resolution brain electrotomography) images and the writing of the subject.
The current source density analysis showed an hypoactivation at 3.5 Hz. The 3D sources localization (sLORETA) showed that the most probable
sources with minimum value (blue colors) (z score = −3.9) were located at temporal lobe, fusiform gyrus, Brodmann area 37 bilaterally. In addition,
an hyperactivation at 11.7 Hz was observed: the most probable sources with maximum value (red color) (z score = 4.8) were located at frontal lobe,
paracentral lobule, Brodmann area 5. Vol, volume; Frq, frequencies; Z1 and Z2, z scores. Age-dependent z-score spectra of the EEG at the sources were
used in this study. The z scores were calculated using the Braindx data and software.

Appendix
EEG Data Acquisition and Analysis
The EEG was recorded at 19 leads of the 1020 International
Positioning System (S10-20), using Electro-caps referenced to
linked earlobes. Twenty minutes of eyes closed resting EEG
were recorded. A differential eye channel (diagonally placed
above and below the eye orbit) was used for detection of eye
movements. All electrode impedances were <5000 ohm. The
EEG amplifiers were set to a bandpass from 0.5 to 70 Hz (3 dB
points). All EEG data were collected on the same digital system
to achieve amplifier equivalence. Data were sampled at a rate of
256 Hz with 12-bit resolution. All the patients were recorded in
the morning and instructed to keep their eyes closed and stay
awake. This allowed to control for drowsiness during EEG
recordings and to guarantee similar conditions throughout the
different sessions. The technician was also aware of the subject’s
state to avoid drowsiness. Additionally, patients were monitored
with a closed-circuit television system, during the recording.

The author visually edited the raw EEG data to select EEG
epochs free of either biological (eg, muscle movement, EMG)
as well as nonbiological (eg, electrical noise in the room) artifacts. This was augmented by a computerized artifact detection
algorithm. A minimum of 30 epochs of 2.56 minutes (256 time
points, since the sampling rate was 100 Hz) of artifact-free data
were selected for each subject and submitted to frequency analysis. The EEG spectra were calculated using the high-resolution spectral (HRS) model92,94 for all the channels by means of
the fast Fourier transform (FFT), in a frequency range from
0.39 to 9.11 Hz, with a frequency resolution of 0.39 Hz. The
selection of these frequency parameters was made on the basis
that they match the available parameters from the Cuban
Normative Database95 to transform the raw EEG spectra into
Z-probabilistic measurements, age corrected. The spectra were
log-transformed, to approach them to Gaussianity96,97 and the
Z-transform was calculated against the Cuban Normative
Database. Significant test-retest reliability for these measures
has been demonstrated.18,98,99

10
To obtain the raw spectra at the EEG generators, the variable
resolution electrical tomography (VARETA) method15 was
used for the source localization analysis. Same as with the
spectra at the electrodes, the source density localization analysis was performed for frequencies between 0.39 and 19.11
Hz and for all the sources in the cerebral cortex for a grid of
3244 sources. VARETA is an already known technique for
estimating the distribution of the primary current in the
source generators of EEG data. VARETA is a discrete spline
distributed solution, like LORETA.92 This technique was
used in all the studies reported above except for the 2 case
reports where the LORETA technique was applied. For more
details about these techniques, please read Bosch-Bayard
et al15,25 and Pascual-Marqui.92

Clinical EEG and Neuroscience 00(0)

9.

10.

11.

12.

Acknowledgments
I wish to acknowledge Dr Jorge Bosch- Bayard for his contribution in
preparing some responses of the referees with regard to methodological questions and the referees for their comments for improving the
manuscript.

13.

14.

Declaration of Conflicting Interests
The author(s) declared no potential conflicts of interest with respect to
the research, authorship, and/or publication of this article.

15.

Funding
The author(s) received no financial support for the research, authorship, and/or publication of this article.

16.
17.

References
1. John ER. Neurometric evaluation of brain function related to
learning disorders. Acta Neurol Scand. 1981;64:87-100.
2. Prichep LS, Mas F, Hollander E, et al. Quantitative electroencephalographic subtyping of obsessive compulsive disorder.
Psychiatry Res. 1993;50:25-32.
3. Wolraich ML, Hagan JF, Allan C, et al; Subcommittee on
Children and Adolescents with Attention-Deficit/Hyperactive
Disorder. Clinical practice guideline for the diagnosis, evaluation, and treatment of attention-deficit/hyperactivity disorder in
children and adolescents of the American Academy of Pediatrics.
Pediatrics. 2019;144:e20192528.
4. Quintana H, Snyder SM, Purnell W, Aponte C, Sita J. Comparison
of a standard psychiatric evaluation to rating scales and EEG in
the differential diagnosis of attention-deficit/hyperactivity disorder. Psychiatry Res. 2007;152:211-222.
5. Collett BR, Ohan JL, Myers KM. Ten-year review of rating
scales. V: scales assessing attention-deficit/hyperactivity disorder. J Am Acad Child Adolesc Psychiatry. 2003;42:1015-1037.
6. Chabot RJ, Merkin H, Wood LM, Davenport TL, Serfontein
G. Sensitivity and specificity of qEEG in children with attention deficit or specific developmental learning disorders. Clin
Electroencephalogr. 1996;27:26-34.
7. Chabot RJ, Serfontein G. Quantitative electroencephalographic
profiles of children with attention deficit disorder. Biol Psychiatry.
1996;40:951-963.
8. Clarke AR, Barry RJ, McCarthy R, Selikowitz M, Brown CR.
EEG evidence for a new conceptualisation of attention deficit

18.

19.

20.
21.

22.

23.
24.

25.

hyperactivity disorder. J Clin Neurophysiol. 2002;113:10361044.
Kovatchev B, Cox D, Hill R, Reeve R, Robeva R, Loboschefski
TA. psychophysiological marker of attention deficit/hyperactivity disorder (ADHD) defining the EEG consistency index. Appl
Psychophysiol Biofeedback. 2001;26:127-140.
Mann CA, Lubar JF, Zimmerman AW, Miller CA, Muenchen
RA. Quantitative analysis of EEG in boys with attention- deficit–
hyperactivity disorder: controlled study with clinical implications. Pediatr Neurol. 1992;8:30-36.
Monastra VJ, Lubar JF, Linden M, et al. Assessing attention
deficit hyperactivity disorder via quantitative electroencephalography: an initial validation study. Neuropsychology. 1999;13:424433.
Monastra VJ, Lubar JF, Linden M.The development of a quantitative electroencephalographic scanning process for attention
deficit hyperactivity disorder: reliability and validity studies.
Neuropsychology. 2001;15:136-144.
Arns M, Conners CK, Kraemer HC. A decade of EEG Theta/
Beta Ratio Research in ADHD: a meta-analysis. J Atten Disord.
2013;(5):374-383. doi:10.1177/1087054712460087
Ogrim G, Kropotov J, Hestad K. The quantitative EEG theta/beta
ratio in attention deficit/hyperactivity disorder and normal controls: sensitivity, specificity, and behavioral correlates. Psychiatry
Res. 2012;198:482-488. doi:10.1016/j.psychres.2011.12.041
Bosch-Bayard J, Valdes-Sosa P, Virues-Alba T, et al. 3D statistical parametric mapping of EEG source spectra by means of variable resolution electromagnetic tomography (VARETA). Clin
Electroencephalogr. 2001;32:47-61.
Boder E, Jarrico S. The Boder Test of Reading-Spelling Patterns.
Grune & Stratton; 1982.
Duffy FH, Denckla MB, Bartels PH, Sandini G, Kiessling LS.
Dyslexia: automated diagnosis by computerized classification of
brain electrical activity. Ann Neurol. 1980;7:421-428.
John ER, Prichep LS, Ahn H, Easton P, Fridman J, Kaye H.
Neurometric evaluation of cognitive dysfunctions and neurological disorders in children. Prog Neurobiol. 1983;21:239-290.
Flynn J, Deering W. Subtypes of dyslexia: Investigation of
Boder’s system using quantitative neurophysiology. Dev Med
Child Neurol. 1989;31:215-223.
Flynn J, Deering W, Goldstein M, Rahbar MH. Electrophysiological
correlates of dyslexic subtypes. J Learn Disabil. 1992;28:133-141.
Boder E. Developmental dyslexia: a diagnostic approach based
on three typical reading-spelling patterns. Dev Med Child Neurol.
1973;15:663-687.
Casarotto S, Ricciardi E, Sani L, Guazzelli M, Pietrini P, Chiarenza
GA. Single-letter reading elicits a different spatio-temporal modulation of brain activity in dyslexic children as compared to healthy
controls. Neuroimage. 2007. https://www.semanticscholar.org/
paper/Single-letter-reading-elicits-a-different-of-brain-CasarottoRicciardi/fa48c19ca52c660e82470e2ffea71cf03f738fba
Chiarenza GA. Normal and abnormal reading processes in children. Neuropsychophysiol Stud. 2017;10017:235-249.
Velikova S, Chiarenza GA. EEG correlates of clinical subtypes of
developmental dyslexia: independent component analysis study.
Int J Psychophysiol. 2012;3:322.
Bosch-Bayard J, Peluso V, Galan L, Valdes Sosa P, Chiarenza
GA. Clinical and electrophysiological differences between subjects with dysphonetic dyslexia and non-specific reading delay.
Brain Sci. 2018;8:172.

Chiarenza
26. Galaburda AM. Neurology of developmental dyslexia. Curr Opin
Neurobiol. 1993;3:237-242.
27. Shaywitz SE, Shaywitz BA, Pugh KR, et al. Functional disruption
in the organization of the brain for reading in dyslexia. Proc Natl
Acad Sci USA. 1998;95:2636-2641.
28. Wolff PH, Melngailis I, Kotwica K. Impaired motor timing control in specific reading retardation. Neuropsychologia. 1984;22:
587-600.
29. Wolff PH, Michel G, Ovrut M. The timing of syllables repetitions
in developmental dyslexia. J Speech Hear Res. 1990;33:281-289.
30. Chiarenza GA, Papakostopoulos D, Guareschi-Cazzullo A,
Giordana F, Giammari Aldè G. Movement related brain macropotentials during skilled performance task in children with learning
disabilities. In: Chiarenza GA, Papakostopoulos D, eds. Clinical
Application of Cerebral Evoked Potentials in Pediatric Medicine.
Excerpta Medica; 1982:259-292.
31. Chiarenza GA. Motor-perceptual function in children with developmental reading disorders: neuropsychophysiological analysis.
J Learn Disabil. 1990;23:375-385.
32. Llinas R. Is dyslexia a dyschronia? Ann NY Acad Sci. 1993;682:
48-56.
33. Hamilton SS, Armando J. Oppositional defiant disorder. Am Fam
Physician. 2008;78:861-866.
34. Loeber R, Burke JD, Lahey BB, Winters A, Zera M. Oppositional
defiant and conduct disorder: a review of the past 10 years. Part I.
J Am Acad Child Adolesc Psychiatry. 2000;39:1468-1484.
35. American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. 5th ed. American Psychiatric
Association; 2013.
36. A 14-month randomized clinical trial of treatment strategies for
attention-deficit/hyperactivity disorder. The MTA cooperative
group multimodal treatment study of children with ADHD. Arch
Gen Psychiatry. 1999;56:1073-1086.
37. Barkley RA. ADHD and the Nature of Self-Control. The Guilford
Press; 1997.
38. Barkley RA. Attention-deficit/hyperactivity disorder, self-regulation and time: toward a more comprehensive theory. Dev Behav
Pediatr. 1997b;18:271-279.
39. Barkley RA. Behavioral inhibition, sustained attention, and
executive functions: constructing a unifying theory of ADHD.
Psychol Bull. 1997c;121:65-94.
40. Barkley RA. Attention-Deficit/Hyperactivity Disorder. A
Handbook for Diagnosis and Treatment. The Guilford Press;
2006.
41. Cortese S, Kelly C, Chabernaud C, et al. Toward systems neuroscience of ADHD: a meta-analysis of 55 fMRI studies. Am J
Psychiatry. 2012;169:1038-1055.
42. di Michele F, Prichep LS, John ER, Chabot RJ. The neurophysiology of attention-deficit/hyperactivity disorder. Int J
Psychophysiol. 2005;58:81-93.
43. Castellanos FX, Giedd JN, Marsh WL, et al. Quantitative brain
magnetic resonance imaging in attention-deficit hyperactivity
disorder. Arch of Gen Psych. 1996;53:607-616.
44. Lou HC, Henriksen L, Bruhn P, Borner H, Nielsen JB. Striatal
dysfunction in attention deficit and hyperkinetic disorder. Arch
Neurol. 1989;46:48-52.
45. Rubia K, Halari R, Cubillo A, Mohammed AM, Brammer
M, Taylor E. Methylphenidate normalizes fronto-striatal
underactivation during interference inhibition in medication-nave boys with attention-deficit hyperactivity disorder.
Neuropsychopharmacology. 2011;36:1575-1586.

11
46. Hastings J, Barkley RA. A review of psychophysiological
research with hyperactive children. J Abnorm Child Psychol.
1978;7:413-337.
47. Klorman R. Cognitive event-related potentials in attention deficit
disorder. In: Shaywitz SE, Shaywitz BA, eds. Attention Deficit
Disorder Comes of Age: Toward the Twenty-First Century.
PRO-ED; 1992:221-244.
48. Taylor EA. The Overactive Child. J P Lippincott; 1986.
49. Chabot RJ, di Michele F, Prichep LS, John ER. The clinical
role of computerized EEG in the evaluation and treatment of
learning and attention disorders in children and adolescents. J
Neuropsychiatry Clin Neurosci. 2001;13:171-186.
50. Clarke AR, Barry RJ, McCarthy R, Selikowitz M. Excess beta in
children with attention-deﬁcit/hyperactivity disorder: an atypical
electrophysiological group. Psychiatry Res. 2001a;103:205-218.
51. Barry RJ, Clarke AR, Johnstone SJ. A review of electrophysiology in attention-deﬁcit/hyperactivity disorder: I. Qualitative
and quantitative electro- encephalography. Clin Neurophysiol.
2003;114:171-183.
52. Chabot RJ, di Michele F, Prichep LS, John ER. The clinical
role of computerized EEG in the evaluation and treatment of
learning and attention disorders in children and adolescents. J
Neuropsychiatry Clin Neurosci. 2001;13:171-186.
53. Chabot RJ, Coben R, Hirshberg L, Cantor DS. QEEG and
VARETA based neurophysiological indices of brain dysfunction
in attention deﬁcit and autistic spectrum disorder. Austin J Autism
Relat Disabilities. 2015;1:1007.
54. Barry RJ, Clarke AR. Spontaneous EEG oscillations in children,
adolescents, and adults typical development, and pathological
aspects in relation to AD/HD. J Psychophysiol. 2009;23:157-173.
55. Chiarenza GA, Villa S, Galan L, Valdes-Sosa P, Bosch-Bayard
J. Junior temperament character inventory together with quantitative EEG discriminate children with attention deficit hyperactivity disorder combined subtype from children with attention deficit
hyperactivity disorder combined subtype plus oppositional defiant disorder. Int J Psychophysiol. 2018;130:9-20.
56. Chabot RJ, Orgill AA, Crawford G, Harris MJ, Serfontein
G. Behavioral and electrophysiologic predictors of treatment
response to stimulants in children with attention disorders. J
Child Neurol. 1999;14:343-351.
57. Kübler A, Dixon V, Garavan H. Automaticity and reestablishment of executive control-an fMRI study. J Cogn Neurosci.
2006;8:1331-1342.
58. Goel V, Gold B, Kapur S, Houle S. The seats of reason? An imaging study of deductive and inductive reasoning. Neuroreport.
1997;8:1305-1310.
59. Rogers RD, Owen AM, Middleton HC, et al. Choosing between
small, likely rewards and large, unlikely rewards activates inferior and orbital prefrontal cortex. J Neurosci. 1999;19:9029-9038.
60. Bosch-Bayard J, Galán-García L, Fernandez T, et al. Stable sparse
classifiers identify qEEG signatures that predict learning disabilities (NOS) severity. Front Neurosci. 2018;11:749. doi:10.3389/
fnins.2017.00749
61. Paulus MP, Hozack NE, Zauscher BE, et al. Behavioral and functional neuroimaging evidence for prefrontal dysfunction in methamphetamine-dependent subjects. Neuropsychopharmacology.
2002;26:53-63.
62. Toplak ME, Jain U, Tannock R. Executive and motivational processes in adolescents with attention-deﬁcit-hyperactivity disorder
(ADHD). Behav Brain Funct. 2005;1:8-20.

12
63. Verdejo-Garcia A, Bechara A, Recknor EC, Perez-Garcia M.
Executive dysfunction in substance dependent individuals during
drug use and abstinence: an examination of the behavioral, cognitive and emotional correlates of addiction. J Int Neuropsychol
Soc. 2006;12:405-415.
64. Ernst M, Nelson EE, McClure EB, et al. Choice selection
and reward anticipation: an fMRI study. Neuropsychologia.
2004;42:1585-1597.
65. Kringelbach ML. The orbitofrontal cortex: linking reward to
hedonic experience. Nat Rev Neurosci. 2005;6:691-702.
66. Kringelbach ML, Rolls ET. The functional neuroanatomy of the
human orbi-tofrontal cortex: evidence from neuroimaging and
neuropsychology. Prog Neurobiol. 2004;72:341-372.
67. Schoenbaum G, Takahashi Y, Liu T, McDannald M. Does the orbitofrontal cortex signal value? Ann N Y Acad Sci. 2011;1239:87-99.
68. Leuchter AF, Cook IA, Gilmer WS, et al. Effectiveness of a quantitative electroencephalographic biomarker for predicting differential response or remission with escitalopram and bupropion in
major depressive disorder. Psychiatry Res. 2009a;169:132-138.
69. Leuchter AF, Cook I, Marangell L, et al. Comparative effectiveness of biomarkers and clinical indicators for predicting outcomes
of SSRI treatment in major depressive disorder: results of the
BRITE-MD study. Psychiatry Res. 2009b;169:124-131.
70. Prichep LS, Mas F, Hollander E, et al. Quantitative electroencephalographic subtyping of obsessive-compulsive disorder. Psychiatry
Res. 1993;50:25-32. [TNJ: Repeated. Same as reference no. 2.]
71. John ER, Prichep LS, Wintere G, et al. Electrophysiological subtypes of psychotic states. Acta Psychiatr Scand. 2007;116:17-35.
72. Ogrim G, Kropotov J, Brunner JF, Candrian G, Sandvik L, Hestad
KA. Predicting the clinical outcome of stimulant medication in
pediatric attention-deficit/hyperactivity disorder: data from quantitative electroencephalography, event related potentials, and a
go/no-go test. Neuropsychiatr Dis Treat. 2014;10:231-242.
73. Barry RJ, Clarke AR, Hajos M, McCarthy R, Selikowitz M,
Bruggemann JM. Acute atomoxetine effects on the EEG of children with attention-deficit/hyperactivity disorder. Neuropsychol
Rev. 2007;17:61-72.
74. Chiarenza GA, Chabot R, Isenhart R, et al. The quantitative EEG
characteristics of responders and non-responders to long term
treatment with atomoxetine in children with attention deficit
hyperactive disorders. Int J Psychophysiol. 2016;104:44-52.
75. Conners CK. Conners’ Rating Scales-Revised, Technical Manual.
MultiHealth Systems Inc; 1997.
76. Arns M, Gunkleman J, Breteler M, Spronk D. EEG phenotypes
predict treatment outcome to stimulants in children with ADHD.
J Integr Neurosci. 2008;7:421-438.
77. Clarke A, Barry R, McCarthy R, Selikowitz M. EEG-defined
subtypes of children with attention-deficit/hyperactivity disorder.
Clin Neurophysiol. 2001b;112:2098-2105.
78. Clarke A, Barry R, McCarthy R, Selikowitz M, Clarke D, Croft
R. Effects of stimulant medications on children with attentiondeficit/hyperactivity disorder and excessive beta activity in their
EEG. Clin Neurophysiol. 2003;114:1729-1737.
79. Clarke A, Barry R, McCarthy R, Selikowitz M, Johnstone
S. Effects of stimulant medications on the EEG of girls with
attention-deficit/hyperactivity disorder. Clin Neurophysiol.
2007;118:2700-2708.
80. Goforth HW, Konopka LM, Primeau M, et al. Quantitative electroencephalography in frontotemporal dementia with methylphenidate response: a case study. Clin EEG Neursci. 2004;35:108-111.
81. Song DH, Shin DW, Jon DI, Ha EH. Effects of methylphenidate on quantitative EEG of boys with attention-deficit/

Clinical EEG and Neuroscience 00(0)

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

hyperactivity disorder in continuous performance test. Yonsei
Med J. 2005;46:34-41.
Lubar JF, White JN, Swartwood MO, Swartwood JN.
Methylphenidate effects on global and complex measures of
EEG. Pediatr Neurol. 1999;21:633-637.
Loo SK, Teale PD, Reite ML. EEG correlates of methylphenidate
response among children with ADHD: a preliminary report. Biol
Psychiatry. 1999;45:1657-1660.
De Vito EE, Blackwell AD, Kent L, et al. The effects of methylphenidate on decision making in attention-deficit/hyperactivity
disorder. Biol Psychiatry. 2008;64:636-639.
Mehta MA, Owen AM, Sahakian BJ, Mavaddat N, Pickard JD,
Robbin TW. Methylphenidate enhances working memory by
modulating discrete frontal and parietal lobe regions in the human
brain. J Neurosci. 2000b;20:RC65.
Mehta MA, Calloway P, Sahakian BJ. Amelioration of specific
working memory deficits by methylphenidate in a case of adult
attention deficit/hyperactivity disorder. J Psychopharmacol.
2000a;14:299-302.
Berman T, Douglas VI, Barr RG. Effects of methylphenidate on
complex cognitive processing in attention-deficit hyperactivity
disorder. J Abnorm Psychol. 1999;108:90-105.
Nazari MA, Querne L, De Broca A, Berquin P. Effectiveness of
EEG biofeedback as compared with methylphenidate in the treatment of attention-deficit/hyperactivity disorder: a clinical outcome study. Neurosci Med. 2011;2:78-86.
Unal O, Ozcan O, Oner O, Akcakin M, Aysev A, Deda G. EEG and
MRI findings and their relation with intellectual disability in pervasive developmental disorders. World J Pediatr. 2009;5:196-200.
Van der Molen MJW, Van der Molen MW. Reduced alpha and
exaggerated theta power during the resting-state EEG in fragile X
syndrome. Biol Psychol. 2013;92:216-219.
Konopka LMM, Zimmerman EM. Neurofeedback and psychopharmacology. designing effective treatment based on cognitive
and EEG effects of medications. In: Cantor ED, Evans JR, eds.
Clinical Neurotherapy. Application of Techniques for Treatment.
Elsevier; 2014.
Pascual-Marqui RD, Valdes-Sosa PA, Alvarez-Amador A. A
parametric model for multichannel EEG spectra. Int J Neurosci.
1998;40:89-99.
Kaur C, Singh P, Sahni S, Punia C. Advanced spatially specific
neurofeedback for symptoms of depression and its electroencephalographic correlates. Altern Ther Health Med. 2019;25:54-63.
Valdes-Sosa P, Biscay-Lirio R, Galán-García L, Bosch-Bayard J,
Szava S, Virues-Alba T. High resolution spectral EEG norms for
topography. Brain Topogr. 1990;3:281-282.
Szava S, Valdes P, Biscay R, Galan L, Bosch J, Clark I, Jimenez
JC. High resolution quantitative EEG analysis. Brain Topogr.
1993;6:211-219.
John ER, Ahn H, Prichep LS, Trepetin M, Brown D, Kaye H.
Developmental equations for the electroencephalogram. Science.
1980;210:1255-1258.
Gasser T, Bacher P, Mochs J. Transformation towards the normal
distribution of broadband spectral parameters of the EEG. EEG
Clin Neurophysiol. 1982;53:119-124.
John ER, Prichep LS, Friedman J, Easton P. Neurometrics:
computer-assisted differential diagnosis of brain dysfunctions.
Science. 1988;293:162-169.
Kondacs A, Szabo M. Long-term intra-individual variability of
the background EEG in normals. Clin Neurophysiol. 1999;110:
1708-1716.

