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SSUUMMMMAARRYY
Attention deficit hyperactivity disorder (AD/HD) in children and adolescents is
characterized by excessive restlessness and extremely poor concentration
span, resulting in impulsive and disruptive behaviour. Increased slow wave ac-
tivity and decreased beta activity, predominantly in posterior regions, have be-
en reported in AD/HD. We performed this cross-sectional study to determine
and compare hemispheric and regional differences in children with AD/HD and
age-sex matched children by using the quantitative EEG (QEEG) analysis. We
evaluated 24 children with AD/HD who were diagnosed by DSM-IV criteria and
21 age-sex matched controls. The clinical evaluation and EEG analysis, during
the baseline and hyperventilation, had been performed by the same specialist.
Visual analysis of EEG records did not show any important abnormality, but QE-
EG analysis performed decreased theta activity during basic state, decreased
delta, increased alpha and beta activities during hyperventilation. Hemispheric
asymmetry, a relationship between wave frequencies (delta and theta), and
male gender and age, especially in left frontotemporal regions, have been se-
en in children with AD/HD.
As for conclusion, QEEG analysis can be accepted as a beneficial technique
providing objective and physiologically based data currently available for clini-
cal assessment, and some features can be added to the neurobiological basis
of AD/HD. (Nöropsikiyatri Arflivi 2007; 44: 19-27)
KKeeyy  wwoorrddss:: Attention deficit hyperactivity disorders (AD/HD), quantitative EEG,
delta power, slow wave asymmetry, regional difference.

IInnttrroodduuccttiioonn

Attention-deficit/hyperactivity disorder (AD/HD) refers to a va-
riable cluster of hyperactivity, impulsivity and inattention symp-
toms, affecting the normal cognitive and behavioural functi-
oning of the individual (4). Although AD/HD is characterized by
decreased attention span and impulsivity, increased motor ac-
tivity can also be a clinical feature in some individuals (17). 

According to the DSM-IV, the disorder has 3 main types: predo-
minantly inattentive (AD/HDin), predominantly hyperactive-im-
pulsive (AD/HDhyp), and combined type (AD/HDcom) (2).
AD/HD is one of the most common disorders that can be tre-
ated by a psychiatrist (7). The prevalence has been estimated
approximately 3 to 5% at school-age children in DSM-IV, and
has been reported as 3-6% in studies based on the DSM-IV cri-
teria (2,15,23). 

ÖÖZZEETT
Çocuk ve ergenlerde dikkat eksikli¤i hiperaktivite bozuklu¤u (DEHB) afl›r› huzur-
suzluk ve dikkat aral›¤›n›n çok dar olmas› ile karakterize olup dürtüsel ve y›k›c›
davran›fllara yol açan bir tablodur. DEHB olan çocuklarda posterior bölgelerde
hakim olmak üzere yavafl dalga aktivitesinde art›fl ve beta aktivitesinde azalma
s›kl›kla bildirilmifltir. Bu kesitsel çal›flmay› DEHB tan›s› alan çocuklar ve kontrol-
lerde kantitatif EEG analizi kullanarak ortaya ç›kan de¤ifliklikleri saptamak ve
gerek hemisferik, gerekse bölgesel farkl›l›klar› karfl›laflt›rmak amac› ile gerçek-
lefltirdik. Biz DSM-IV’e gore DEHB tan›s› alan 24 çocuk ve 21 yafl -cins uyumlu
kontrolü de¤erlendirdik. Ayn› uzman taraf›ndan istirahat durumunda ve hiper-
ventilasyonda klinik de¤erlendirme ve EEG analizi yap›ld›. EEG kay›tlar›n›n gör-
sel olarak de¤erlendirilmesinde herhangi bir anormallik sapatnmad› ancak KE-
EG analizinde istirahat durumunda teta aktivitesinde azalma, hiperventilasyon-
da ise beta ve alfa aktivitelerinde art›fla efllik eden delta aktivitesinde azalma
kaydedildi. DEHB tan›s› alan çocuklarda hemsiferik asimetri, sol frontotemporal
bölgede hakim olmak üzere dalga frekanslar› ile (delta ve teta) erkek cinsiyeti
ve yafl aras›nda anlaml› iliflki saptand›. 
KEEG analizinin DEHB’nun klinik de¤erlendirmesinde objektif ve fizyolojik te-
melli veri sa¤layan yararl› bir yöntem olarak kullan›labilece¤i ve hastal›¤›n nö-
robiyolojik temeline katk›s› olaca¤› sonucuna var›ld›. 
AAnnaahhttaarr  kkeelliimmeelleerr: Dikkat eksikli¤i hiperaktivite bozuklu¤u (DEHB), kantitatif
EEG, delta power, yavafl dalga asimetrisi, bölgesel fark. (Archives of
Neuropsychiatry 2007; 44: 19-27)



Among the investigational approaches to AD/HD patients EEG
is a common method, providing information about the electrical
activity of the brain and the scalp recorded signal provides a
diffuse picture that underlying activity. By this recording met-
hod, valuable information about the brain with high temporal
resolution can be elicited. So the EEG is a useful method that
achieves information on the background activity of the brain
and indexes the substrate of cognition and behaviour (4). Altho-
ugh no specific EEG pattern has been identified, excessive
background slow activity and rare paroxysmal activity have be-
en reported in these patients (17). 
Different abnormalities have been reported about EEG chan-
ges in AD/HD patients in recent studies. Although the EEG fin-
dings of AD/HD and control groups have been compared with
each other in these studies, most of them did not identify the
nature of the abnormalities exactly. But increased activity of
delta and theta bands were the most common findings seen in
this methodology which was commonly consisted in digital
EEG reports (4). 
A newer technique, computerized power spectral analysis,
permits the topographic representation and statistical analysis
of EEG. The use of digital EEG has been recommended by the
American Academy of Neurology and the American Associati-
on for Clinical Neurophysiology. Proposed indications for quan-
titative EEG (QEEG) include epilepsy, cerebrovascular dise-
ases, dementia, postconcusion syndrome, cranial trauma, lear-
ning disorders, attention deficit hyperactivity disorder, schi-
zophrenia, depression, alcoholism, drug dependence, and cri-
minal psychiatry (20). The calculation of absolute and relative
power estimates is the most commonly used form of QEEG in
AD/HD (18). Increased slow wave activity and lack of alpha at-
tenuation have been shown in children with deficient attention
in the absence of conduction disorders, when compared with
the normal population (17). 
The aim of this cross-sectional case control study was to de-
termine hemispheric and regional differences in children with
AD/HD, and age and sex matched normal children by using 
QEEG analysis, to evaluate the hyperventilation response as a
measure of cerebral maturation, and to evaluate the contributi-
on of new statistical techniques.

MMeetthhooddss

SSuubbjjeeccttss
This was a cross-sectional case control study performed in
collaboration with the departments of Child and Adolescent
Psychiatry, Neurology, and Biophysics at the Hospital of the
Mersin University School of Medicine. Study population was 24
children or adolescents with AD/HD, aged 7 to 16 years, and 21
age and sex matched children as a control group. All partici-
pants were right-handed as indicated by positive laterality qu-
otients on the Edinburgh Handedness Inventory administered
at the time of testing (21). The mean score was 19.4 ± 2.0 in the

AD/HD group and 17.9 ± 1.9 in the control group. There was not
any statistical difference between the two groups (p>0.05). The
patients with AD/HD were diagnosed according to the criteria
of DSM-IV-TR by the same child and adolescent psychiatry
specialist (FT). All children were living with their families and
those under the care of juvenile or adoptive agencies were
excluded. The subjects with a history of febrile or afebrile con-
vulsions, central nervous system infections, cerebrovascular
diseases, cranial trauma, any chronic or psychoactive drug
use, other psychiatric disorders (e.g., mental retardation, lear-
ning disorders, obsessive compulsive disorder, and tics disor-
ders), and metabolic diseases were not included. None of the
subjects were receiving any medication during or prior data
acquisition. All participants had normal hearing sensitivity bila-
terally, defined by hearing thresholds of 20 dB Hl or better at
octave frequencies of 250 to 8000 Hz (1,13). The subjects with
focal neurological deficits and any findings of neuroimaging
procedure were not included in this study. 
Informed written consent was obtained from the legal guardi-
ans of the subjects. Test and control subjects were matched by
demographic variables. 
EElleeccttrrooeenncceepphhaallooggrraapphhiicc  AAnnaallyyssiiss
Computerized EEG recordings were obtained by using Medelec
Profile 40-channel digital EEG equipments (Oxford-England)
from 19 scalp points, according to the International 10-20 sys-
tem nomenclature via Ag-AgCl plated disk electrodes with a
commercial EEG paste (Nihon Kohden Elefix paste). The follo-
wing 12 channels (O1-P3, P3-T5, T5-T3, T3-F7, F7-F3, F3-Fz, Fz-
F4, F4-F8, F8-T4, T4-T6, T6-P4 and P4-O2) and Ag-AgCl disk
electrodes (Medelec, Oxford, England) were used for the data
collection. The maximum resting condition for 8 to 10 minutes at
room temperature was obtained for each subject during the
procedure. The reference electrode was placed at the midline.
The electrode impedance was carefully kept below 5 kΩ. Hyper-
ventilation was used as standardized activation method (22).
Only antihistaminic drugs were used for sedation, which has no
effects on EEG recordings. The filtering interval, frequency, and
amplitude of the device were adjusted at 10 to 59 Hz, 30
mm/sec, and 100 mV, respectively. The recordings were evalu-
ated visually, and analyzed quantitatively by the same neurolo-
gist (A.O.) and biophysicist (U.C.), who were blind to the clinical
diagnosis of the subjects. 
Baseline activity and hyperventilation response were quantita-
tively evaluated. Data were subsequently segmented into the
consecutive 2-second epochs. Epochs that were contaminated
by blinks, eye movements, and movement related artefacts, we-
re excluded from the analysis using a rejection criterion of ±100
µV on any channel. These criteria produced artifact free data,
as verified by direct visual inspection of the raw data. Each
epoch was then baseline corrected and tapered over the entire
2 seconds using a Hannig window. Channel by channel calibra-
tions were performed prior to the testing of each patient. Distri-
butions of basic EEG waves by frequency (i.e. delta [0.5-3 Hz],
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theta [3.5-8 Hz], alpha [8.5-12 Hz], and beta [12.5-30 Hz]) were
recorded. For each montage, distributions obtained at two dif-
ferent states (baseline and hyperventilation response) were
compared between the patient and control groups. Additi-
onally, general distribution patterns and hemispheric asymmet-
ries of each waveform were determined irrespective of the
montage distributions. Data were pooled across electrode si-
tes within anterior (right=F8/F4, left=F7/F3) and posterior
(right=T6/P4, left T5/P3) regions to examine these regional dif-
ferences directly. 
SSttaattiissttiiccaall  AAnnaallyyssiiss  
All raw data were explained as mean ± standard deviation and
differences more than 5% were accepted as significant. A va-
riance analysis model using six factors was used to analyse
quantitative data. These factors and their levels were in the fol-
lowing order: montage (twelve channel), procedure (backgro-
und activity and hyperventilation response), waveforms (delta,
theta, alpha, beta), groups (patients and controls), hemispheres
(right and left), and regions (anterior and posterior). 
Relative power has been calculated for each waveform inde-
pendent from montage. Relative power is represented by the
percentage of the power in a given frequency band that is re-

lated to total power across all frequency bands. Relative del-
ta power, for example, is equal to (absolute delta power/abso-
lute delta power+ absolute theta power+ absolute alpha po-
wer+ absolute beta power)x 100. Also we performed the-
ta/alpha and theta/beta ratios for each region. In order to eva-
luate the correlation between clinical variables and elect-
rophysiological data, we performed Pearson correlation
analysis for each waveform and montage during state and
hyperventilation.

RReessuullttss

Of the 24 subjects in the AD/HD group, 4 were female (16.6%)
and 20 were male (83.3%) with a mean age of 11.16±2.59 years
(range 7 to 14 years). The control group included seven fema-
les (33.3%) and 14 males (66.7%) with a mean age of 10.8±2.3
years (range 6 to 15 years). All subjects were right-handed, ho-
wever four children with AD/HD had family history of left-han-
dedness. None of the subjects had any signs of epilepsy and ot-
her central nervous system disorders. Other developmental
and neurological examinations of subjects were in the normal
ranges. 

TTaabbllee  11.. Demographic features, clinical characteristics, and subtype of children with ADHD

SSuubbjjeeccttss AADDHHDD--ssuubbttyyppee AAggee  SSeexx  FFiirrsstt  ddeeggrreeee  TThhee  aaggee  ooff  ddiiaaggnnoossiiss  
((yyeeaarrss)) ((FF//MM)) ppssyycchhiiaattrriicc  ddiissoorrddeerrss ((yyeeaarrss))

1 Combined 10 M OCD 7
2 Combined 13 M - 8
3 Combined 9 M Depression 7
4 Combined 12 M Alcohol dependent 9
5 Combined 11 M Chronic motor tic disorder, depression 6
6 Inattentive 16 M - 8
7 Inattentive 10 M Alcohol dependent 7
8 Inattentive 8 M - 7
9 Combined 11 M OCD 7
10 Combined 16 F - 8
11 Combined 9 M OCD 6
12 Inattentive 13 M AD/HD 7
13 Hyperactivity-Impulsivity 13 M - 7
14 Combined 16 M OCD, generalized anxiety disorder 8
15 Combined 9 M - 7
16 Combined 9 M Depression 7
17 Combined 12 M - 8
18 Inattentive 8 F Alcohol dependent 7
19 Inattentive 7 F - 6
20 Combined 9 M - 8
21 Hyperactivity-Impulsivity 12 M Alcohol dependent 9
22 Combined 14 M Chronic motor tic disorder, alcohol dependent 8
23 Inattentive 10 M - 7
24 Inattentive 11 F - 7

F : Female, M : Male, OCD: Obsessive compulsive disorder
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The mean age at the time of AD/HD diagnosis was 7.33±0.81 ye-
ars in patient group. All of the subjects had the DSM-IV criteria
for AD/HD (4). Seven of the 24 subjects had inattentive subtype.
These include difficulty in paying attention, problems in comp-
leting works at school or home, difficulty in following, and lo-
sing or forgetting things such as homework instructions. On the
other hand, 2 of subjects had hyperactivity and impulsivity
subtype including fidgeting, feeling of retlessness, difficulty in
waiting turn and interrupting others. And 15 subjects had com-
bined type involving a combination of the other two types 
(details can be seen in table 1). 
EElleeccttrrooeenncceepphhaallooggrraapphhiicc  EEvvaalluuaattiioonn
Five AD/HD patients and one of the control subjects had benign
EEG abnormalities as parieto-occipital slow waves, although
none of the subjects had epileptiform EEG abnormalities and a
history of convulsion. 
As the the general distribution of the waveforms had been
analysed irrespective of the montage, the most prevalent wa-
veform was found to be delta (48.0±19.8%) at the background
activity. It was followed by theta (21.7±11.1%), alpha
(19.8±14.5%) and beta (9.6±7.0%). As shown in table 2 and 3,
increased frequency of alpha waves and decreased delta acti-
vity during the hyperventilation in the children with AD/HD had
been seen when compared with the controls. 
As the EEG recordings of AD/HD group for each montage had
been compared with the recordings of the control group, it was
seen that the frequency of beta was significantly increased in
the left occipital (7.3±4.4% versus 5.3 ±2.7%, p=0.05), decreased
in the left temporal (17.0± 9.5% versus 24.3±11.5%, p=0.03) and
left frontal (7.7±4.2% versus 13.3±7.6%, p=0.005) regions during
basic state analysis. Also basic state recordings revealed im-
portant increased alpha (14.7±5.1 versus 11.5±5.1, p=0.050) and
beta (13.6±7.4 versus 9.4±6.2%, p=0.050) activities on left frontal
region and increased theta activity (26.6±12.9 versus
19.7±10.7%, p=0.050) on the left temporal region. On the other
hand, the frequency of beta significantly increased in the child-

ren with AD/HD (7.7±4.8%) compared to the controls (5.4±2.8%)
on the left parietal region at hyperventilation (p=0.050). Decre-
ased alpha activity (13.3±10.8 versus 24.4±20.2%, p=0.027) on
the left frontal region and increased alpha activity (25.2±14.9%
versus 15.6±10.5%, p=0.022) on the right temporal region were
seen as hyperventilation responses, when compared with each
other (see figures 1 and 2). 
EEG analysis of resting state revealed increased frequency of
theta (23.7±11.0% versus 19.0±10.4, p=0.019) and delta
(59.7±16.4% versus 52.6±19.5%, p=0.014) activity in left frontal
region more than the right frontal region in AD/HD group. Basic
state analysis also showed increased frequencies of delta
(46.5±20.4% versus 39.2±16.9, p=0.007) and beta activities
(7.7±5.1% versus 7.3±4.4%, p=0.050), and decreased frequenci-
es of theta (20.6±10.4% versus 26.5±12.6%, p=0.002) and alpha
activities (25.5±17.6% versus 26.9±16.8, p=0.050) in the right oc-
cipital region in AD/HD group. Hyperventilation recordings of
the children with AD/HD revealed a significant decrease in the
theta activity (25.5±18.5% versus 27.8±18.9%, p=0.050) and inc-
rease in the alpha activity (15.8±14.1 versus 11.7±10.4, p=0.003)
in the right frontal regions. None of the frequencies of other
waveforms revealed significant difference between the two
hemispheres. 
The children with AD/HD showed significantly high delta acti-
vity in both of the posterior regions (p=0.000 for left and p=0.001
for right hemisphere) during basic state. Similar differences
has been also shown during hyperventilation (p=0.008 for left
and p=0.004 for right hemisphere). Theta frequency in children
with AD/HD, was significantly higher in only left frontal region
(p=0.005) than other side during basic state. Alpha frequency of
children with AD/HD was also significantly lower in bi-frontal
regions (p=0.003 for left frontal and p=0.000 for the right frontal
regions) than posterior ones during the basic state, and in right
frontal region (p=0.001) during hyperventilation. Similarly, beta
activities of the bi-frontal regions were significantly high in the
AD/HD group during the hyperventilation (p=0.009 for left and
p=0.05 for right hemisphere). 

TTaabbllee  22.. The comparison of the frequencies of basic wave forms at resting
state and hyperventilation between the children with AD/HD and the controls

EEEEGG  WWaavveess AADDHHDD  CCoonnttrroollss
((nn==2244)) ((nn==2211)) pp

Delta-BA 48.0±19.8% 45.2±21.7% 0.195

Delta-HV 45.5±19.7% 48.9±18.5% 00..005500

Theta-BA 21.7±11.1% 25.0±13.1% 00..001133

Theta-HV 25.1±14.8% 26.0±14.8% 0.577

Alpha-BA 19.8±14.5% 19.6±15.2% 0.923

Alpha-HV 19.9±14.6% 15.2±14.3% 00..000022

Beta-BA 9.6±7.0% 9.9±7.8% 0.635

Beta-HV 9.3±6.7% 8.0±5.5% 0.050
Note= Data are represented as mean±standard deviation; BA= Background activity; 
HV= Hyperventilation response; NS= Non significant (p>0.05)

TTaabbllee  33.. The comparison of the relative power of basic wave forms at resting
state and hyperventilation between the children with AD/HD and the controls

EEEEGG  WWaavveess AADDHHDD  CCoonnttrroollss
((nn==2244)) ((nn==2211)) pp

Delta-BA 48.1±19.7% 45.2±21.6% 0.182

Delta-HV 45.5±19.7% 49.6±15.8% 00..003366

Theta-BA 22.1±11.5% 25.0±13.3% 00..002211

Theta-HV 25.1±14.7% 26.5±13.9% 0.352

Alpha-BA 19.9±14.5% 19.6±15.2% 0.861

Alpha-HV 19.9±14.6% 15.0±11.5% 00..000011

Beta-BA 9.7±7.2% 9.9±7.7% 0.833

Beta-HV 9.3±6.7% 8.7±6.6% 0.433
Note= Data are represented as mean±standard deviation; BA= Background activity; 
HV= Hyperventilation response; NS= Non significant (p>0.05)
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When all of the recordings have been evaluated together, re-
lative power of main EEG waveforms during baseline, signifi-
cantly decreased theta power in children with AD/HD compa-
red with controls (22.1±11.5% versus 25.0±13.3, p=0.02) were
seen during basic state (Table 3). Hyperventilation recordings
showed significantly decreased delta power (45.5±19.7% ver-
sus 49.6±15.8%, p=0.03) and increased alpha power
(19.9±14.6% versus 15.0±11.5%, p=0.001) in children with
AD/HD compared with controls. Other waveforms did not
show any significant difference in study groups. When com-
pared with the absolute power, only beta activity of children
with AD/HD has been changed in relative power analysis and
this finding suggested the beneficial role of relative power
calculation in borderline data. 
Theta/alpha and theta/beta ratios have been calculated for each

montage during both of the basic state and hyperventilation.
They also showed only significantly decreased theta/alpha ratio
in the right frontal region (1.9±1.3 versus 3.7±4.0, p=0.04) in
AD/HD group compared with controls (see figure 3 and 4). 
Correlation analysis showed a decrease in left temporal delta
activity as the age increased (Pearson correlation: -.476,
p=0.019) in children with AD/HD during basic state. This analy-
sis also showed a significant correlation between male gender
and left fronto-temporal delta activity (Pearson correlation: -
.462, p=0.023 and Pearson correlation: -.420, p=0.041) during ba-
sic state in children with AD/HD. Correlation analysis also sho-
wed a significant correlation between male gender and left
frontal theta activity (Pearson correlation: -.416, p=0.043) during
basic state, and right temporal beta activity (Pearson correlati-
on: -.563, p=0.004) during hyperventilation. 

FFiigguurree  11  aa.. Brain mapping of delta activity of the patients and the controls during
basic state

FFiigguurree  11  bb..    Brain mapping of theta activity of the patients and the controls during
basic state
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FFiigguurree  11  cc..  Brain mapping of alpha activity of the patients and the controls during
basic state

FFiigguurree  11  dd..    Brain mapping of beta activity of the patients and the controls during
basic state
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DDiissccuussssiioonn

In this study, significantly decreased theta power in basic sta-
te, and significantly decreased delta and increased alpha po-
wer during hyperventilation were seen in children with AD/HD,
when compared with controls. Other statistical analysis also
showed important clues of cerebral dysmaturation in children
with AD/HD, especially in left fronto-temporal and right occipi-
tal regions. 
In these patients, all the data support the maturational delay
in brain functioning. In a longitudinal study, Satterfield repor-
ted more quickly decreased EEG power in control subjects
than in hyperactive ones, as the age increased (24). Clarke
reported elevated theta and reduced beta that supporting the
maturational delay model in children with AD/HD (12). Hyper-

ventilation response could be accepted as a measure of ce-
rebral maturation (22). In this aspect, we evaluated hyperven-
tilation response as qualitatively. Our data suggested that
with the increasing age, left temporal delta activity signifi-
cantly decreased in children with AD/HD during basic state.
This analysis also showed a significant correlation between
male gender and left fronto-temporal delta activity during ba-
sic state, a significant correlation between male gender and
left frontal theta activity during basic state, and right tempo-
ral beta activity during hyperventilation. Visual and quantita-
tive analysis of EEG showed that, the ratio of hyperventilation
response significantly decreased in children with AD/HD
compared with controls. All of these results can be accepted
as some clues of left fronto-temporal dysmaturation in child-
ren with AD/HD. 

FFiigguurree  22  aa.. Brain mapping of delta activity of the patients and the controls during
hyperventilation

FFiigguurree  22  cc.. Brain mapping of alpha activity of the patients and the controls during
hyperventilation

FFiigguurree  22  dd.. Brain mapping of beta activity of the patients and the controls during
hyperventilation

FFiigguurree  22  bb.. Brain mapping of theta activity of the patients and the controls during
hyperventilation
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Another hypothesis, named as developmental deviation mo-
del, AD/HD is conceptualized as resulting from an abnorma-
lity in the functioning of the CNS. Wikler and Bresnahan re-
ported that hyperactive children were found to have incre-
ased slow wave activity compared with normal controls
(5,25). In this aspect, our data also suggested this hypothesis.
Most common waveform that had been seen in AD/HD child-
ren was delta (48.0±19.8%) at the background activity, and
followed by theta (21.7±11.1%), alpha (19.8±14.5%) and beta
(9.6±7.0%). Significantly increased alpha wave frequency and
decreased delta activity were seen in children with AD/HD
during the hyperventilation, when compared with the cont-
rols. The results suggest a possible combined developmental
delay and cerebral dysmaturation hypothesis in the neurobi-
ological basis of AD/HD. 

As reported, relative power measures that have been recorded
under an eyes-closed resting state can show good test-retest
reliability (13). Callaway showed that hyperactive children had
lower power in the alpha and beta bands than control subjects
(6). Our AD/HD children had partially higher power of alpha but
lower power of beta than controls. On contrary to our results,
in a detailed subgroup analysis study, Clarke reported that all of
the groups showed increased power levels across all sites in
absolute and relative theta and reductions in relative alpha and
beta (12). Increased activity of delta was predominantly in pos-
terior regions of all subgroups. We did not evaluate subgroup
analysis, because of restricted subject numbers. However,
when compared with the designs and results of other studies,
our data suggested similar results about absolute and relative
power of basic EEG waveforms, except beta during hyperventi-

FFiigguurree  33aa.. Ratios of theta/beta activity for 12 standard EEG locations for 24 AD/HD
children and 21 matched controls during basic state (a) and hyperventilation (b) 
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FFiigguurree  44aa.. Ratios of theta/alpha activity for 12 standard EEG locations for 24 AD/HD
children and 21 matched controls during basic state (a) and hyperventilation (b)
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FFiigguurree  33bb.. Ratios of theta/beta activity for 12 standard EEG locations for 24 AD/HD
children and 21 matched controls during basic state (a) and hyperventilation (b) 
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lation. In this respect, we recommend the calculation of relati-
ve power, especially in borderline significance, by using this
method. Otherwise the analyses of absolute and relative power
were similar to the basic state and hyperventilation. 
In the aspect of localisation, in their comprehensive studies
Chabot and Serfontein reported that, children with AD/HD had
an increased absolute and relative theta, primarily in the fron-
tal regions and in the frontal midline (19). In other calculations
had been used in the study by Clarke with a clinical and elect-
rophysiological study. They reported that AD/HD children had
less absolute and relative alpha and beta, more absolute theta,
and more relative delta and theta than the control groups. The-
se changes were seen predominantly in frontal regions. The
theta/alpha and theta/beta ratios were also different between
the clinical groups and the control group (9). In a controlled cli-
nical study consisting of boys, Mann found that basic state EEG
recordings of children with AD/HD revealed significantly incre-
ased theta activity in the frontal and central locations, and dec-
reased beta in posterior and temporal locations (2). Depending
on PET studies, these authors hypothesized that a possible clo-
se correlation between increased theta activity and decreased
glucose metabolism supports the view that cortical activation
may be decreased in AD/HD. Our regional analyses suggested
most of these findings, such as important degree high delta ac-
tivity on posterior regions, increased left frontal theta activity
and low alpha activity on frontal regions. We suggest a possib-
le role of left frontotemporal dysmaturation in neurobiological
basis of AD/HD.
Inter-hemispheric asymmetries were found in the parietal and
posterior temporal areas. Intra-hemispheric abnormalities we-
re found to be with asymmetries between frontal/temporal and
frontal/occipital regions (4). We evaluated hemispheric asym-
metries during basic state and hyperventilation, and we sug-
gested left fronto-temporal slow wave activity with nearly simi-
lar to the results of these conditions. We also evaluated the
correlation among age, gender and EEG changes during both of
these conditions. Our comprehensive analysis showed signifi-
cant relationships among left fronto-temporal slow wave acti-
vity, and decreased age and male gender in this study group. 
In another aspect, Lazzaro studied 54 unmedicated adolescent
male AD/HD patients and age and sex-matched normal control
subjects, using simultaneously-recorded EEG and electro der-
mal measures in a resting eyes-open condition (21). Their fin-
dings supported that the continuation of increased slow wave
activity in AD/HD adolescents show presence of a state of au-
tonomic hypo arousal in this clinical group. We did not evaluate
autonomic dysfunction and functional neuroimaging in our
study design. We also did not include any neuropsychologic
evaluation during EEG recordings. Although these pitfalls do
not change our study aims, it can be accepted as some limita-
tions of our study. 

In the subgroup studies; Clarke found 15-20% of children with
AD/HDcom had significantly elevated levels of beta activity in
their EEG (10,11,12). This group was also found to have a beha-
vioural profile slightly different from other children with
AD/HDcom, with an increased rate of temper tantrums and mo-
ody behaviours. They also pointed out the importance of incre-
ased absolute and relative theta power in the frontal regions.
Also, they suggested the presence of qualitative differences in
frontal lobe function between the two AD/HD disorders. Our
study group, 7 of the 24 children had inattentive subtype, 2 of
the subjects had hyperactivity and impulsivity subtype, and 15
of the subjects had combined type involving a combination of
other two types. As a limitation of the study, we did not perform
the subgroup analysis, because of the restricted number of
subgroups needing the divided analysis.
Both of the theta/alpha and theta/beta ratios also appear to be
reliable measures to show differences between AD/HD and
control subjects, as well as the differences between the DSM-
IV types of disorder. None of these measures has grater sensi-
tivity than the other, although the theta/beta ratio is preferred
by some researchers (11). Monastra reported that the theta/be-
ta ratio could discriminate AD/HD from control subjects with
86% sensitivity and 98% specificity (19). We also evaluated both
of these ratios. However, we only determined significantly dec-
reased theta/alpha ratio in right frontal region in children with
AD/HD compared with controls. This result was not convenient
with other results and previous data. So we do not recommend
additional theta/alpha and theta/beta ratios in QEEG analysis of
children with AD/HD. 
Since AD/HD is considered to be a result of CNS dysfunction, and
EEG provides a direct measure of brain functioning, QEEG appe-
ars to be a convenient tool in assessment of this disorder (4).
It has been recommended that further researches and deve-
lopments are needed for clinical use of EEG as a diagnostic to-
ol in AD/HD. Our data also suggested these authors. As for
conclusion, QEEG analysis can be accepted as a beneficial
technique in providing objective and physiologically based da-
ta currently available for clinical assessment. By using QEEG
new data can be added to the neurobiological basis of AD/HD. 

RReeffeerreenncceess

1. American National Standart Institude (ANSI). Specifications for audi-
ometers (ANSI S3.6) New York; 1996.

2. Amerikan Psikiyatri Birli¤i. Mental Bozukluklar›n Tan›sal ve Say›msal
El Kitab›. 4. Bask›. Köro¤lu E, çev. Editörü. Ankara: Hekimler Yay›n Bir-
li¤i; 1005.

3. American Speech-Language Hearing Association (ASHA). Guidelines
for screening for hearing impairments and middle ear disorders. 1990;
32:17–24.

4. Barry RJ. A review of electrophysiology in attention-deficit/hyperac-
tivity disorder: I. Qualitative and quantitative electroencephalog-
raphy. Clin Neurophysiol 2003; 114:171-83.

Özge et al.
ADHD and QEEG

Archives of Neuropsychiatry 2007; 44: 19-27
Nöropsikiyatri Arflivi 2007; 44: 19-2726



5. Bresnahan SM. Specificity of quantitative EEG analysis in adults with
attention deficit hyperactivity disorder. Psychiatry Res 2002; 112:133-44.

6. Callaway E. Hyperactive children’s event-related potentials fail to
support underarousal and maturational lag theories. Arch Gen
Psychiatry 1983; 40: 1243-48.

7. Cantwell D. Attention deficit disorder: a review of the past 10 years. J
Am Acad Child and Adolesc Psychiatry 1996; 35:978-87.

8. Chabot R. Quantitative electroencephalographic profiles of children
with attention deficit disorder. Biol Psychiatry 1996; 40:951-63.

9. Clarke AR, Barry RJ, McCarthy R, Selikowitz M.EEG analysis in Atten-
tion-Deficit/Hyperactivity Disorder: a comparative study of two subty-
pes. Psychiatry Res 1998; 81(1):19-29.

10. Clarke A. EEG differences in two subtypes of attention-deficit/hype-
ractivity disorder. Psychophysiology 2001; 38:212-21.

11. Clarke A. Excess beta in children with attention-deficit/hyperactivity
disorder: an atypical electrophysiological group. Psychiatry Res 2001;
103: 205-18.

12. Clarke A. EEG analysis in attention deficit-hyperactivity disorder: A
comparative study of two subtypes. Psychiatry Res 1998; 81:19-29.

13. John E. Developmental equations of the electroencephalogram. Sci-
ence 1980; 210:1255-58. 

14. Lazzaro I. Simultaneous EEG and EDA measures in adolescent atten-
tion deficit hyperactivity disorder. Int J Psychophysiol 1999; 34:123-34.

15. Lindgren S. Diagnostic heterogeneity in attention deficit hyperactivity
disorder. Fourth Annual NIMH International Research Conference on
the classification and treatment of mental disorders in general medi-
cal settings, Bethesda, 1990. 

16. Lubar JF. Discourse of the developmental of EEG diagnostics and bi-
ofeedback for attention-deficit/hyperactivity disorders. Biofeedback
Self Regulations 1991; 16:201-25.

17. Mann C. Quantitative analysis of EEG in boys with attention deficit
hyperactivity disorder: Controlled clinical study with clinical implica-
tions. Pediatr Neurol 1992; 8:30-6.

18. Matthis P. Spectral analysis of the EEG: Comparion of various spectral
parameters. Electroencephalogr Clin Neurophysiol 1981; 52:218-21.

19. Monastra V. Assessing attention deficit hyperactivity disorder via qu-
antitative electroencephalography: an initial validation study. Ne-
uropsychology 1999; 13:424-33 .

20. Nuwer M. Assessment of digital EEG, quantitative EEG, and EEG brain
mapping: Report of the American Academy of Neurology and the Ame-
rican Clinical Neurophysiology Society. Neurology 1997; 49:277–92.

21. Oldfield RC. The assessment and analysis of handedness: The Edin-
burgh Inventory. Neuropsychologia 1971; 9:97–13. 

22. Toros F, Özge A. The Role of Hemispheral Asymmetry and Regional
Activity of Quantitative EEG in Children with Stuttering. Child Psychi-
atry Hum Dev 2004; 24(4):269-80 .

23. Pelham W. Teacher ratings of DSM-III-R symptoms for disruptive beha-
viour disorders. J Am Acad Child and Adolesc Psychiatry 1992; 31:210-18.

24. Satterfield JH. A cross-sectional and longitudinal study of age effects
of electrophysiological measures in hyperactive and normal children.
Biol Psychiatry 1984; 19:973-90 .

25. Wikler A, Dixon JF, Parker JB. Brain function in problem children and
controls: psychometric, neurological, and electroencephalographic
comparisons. Am J Psychiatry 1970; 127(5):634-45.

Archives of Neuropsychiatry 2007; 44: 19-27
Nöropsikiyatri Arflivi 2007; 44: 19-27

Özge et al.
ADHD and QEEG 27


