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Objective: Attention-deficit/hyperactivity disorder (ADHD) and tic disorder (TD) are among the most common comorbid 
psychopathologies and have a shared genetic basis. The psychopathological and neurophysiological aspects of the 
mechanism underlying the comorbidity of both disorders have been investigated, but the pathophysiological aspects 
remain unclear. Therefore, this study aimed to compare the neurophysiological characteristics of ADHD with those 
of TD using resting-state electroencephalography and exact low-resolution brain electromagnetic tomography (eLORETA) 
analysis.
Methods: We performed eLORETA analysis based on the resting-state scalp-recorded electrical potential distribution 
in 34 children with ADHD and 21 age-matched children with TD. Between-group differences in electroencephalography 
(EEG) current source density in delta, theta, alpha, beta, and gamma bands were investigated in each cortical region.
Results: Compared with the TD group, the ADHD group showed significantly increased theta activity in the frontal 
region (superior frontal gyrus, t = 3.37, p ＜ 0.05; medial frontal gyrus, t = 3.35, p ＜ 0.05). In contrast, children 
with TD showed decreased posterior alpha activity than those with ADHD (precuneus, t = −3.40, p ＜ 0.05; posterior 
cingulate gyrus, t = −3.38, p ＜ 0.05). These findings were only significant when the eyes were closed. 
Conclusion: Increased theta activity in the frontal region is a neurophysiological marker that can distinguish ADHD 
from TD. Also, reduced posterior alpha activity might represent aberrant inhibitory control. Further research needs to 
confirm these characteristics by simultaneously measuring EEG-functional magnetic resonance imaging. 
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INTRODUCTION

Attention-deficit/hyperactivity disorder (ADHD) is one 
of the major neurodevelopmental disorders and is charac-
terized by three symptom domains, namely, hyper-
activity, impulsivity, and inattention [1]. The prevalence 
of ADHD is reported to be about 5% in children and 2.5% 
in adults, and children with ADHD are commonly en-
countered in child and adolescent psychiatry clinics 
[1,2]. ADHD is also known to be highly comorbid with 
other psychiatric disorders, such as anxiety and depres-
sion [3,4].

Tic disorder (TD) is also a common neurodevelopmental 
disorder, the symptoms of which are sudden, rapid, re-
current, nonrhythmic motor movements or vocalizations 
[1]. TD includes the diagnostic sub-categories of 
“provisional tic disorder,” “chronic motor or vocal tic dis-
order,” and “Tourette’s disorder.” Tourette’s disorder is a 
severe form of TD diagnosed when both motor and vocal 
tics have been present for more than 1 year [1]. Transient 
tic symptoms are common in the school-aged population, 
affecting around 15−25% of children [5]. TD is also 
known to be highly comorbid with other psychopatholo-
gies, including depression, anxiety, disruptive behaviors, 
and obsessive-compulsive disorder [6].

ADHD and TD are among the most common comorbid 
psychopathologies and have a shared genetic basis [7]. 
The prevalence of comorbid ADHD in patients with 
Tourette’s disorder is reported to be about 50% but ranges 
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widely from 21−90% [6,8-10]. Furthermore, 8−14% of 
patients with ADHD have been reported to have TD [11]. 
The psychopathological and neurobiological aspects of 
the mechanism underlying the comorbidity of these dis-
orders have been investigated by multiple previous stud-
ies [12-15]. However, the pathophysiological mechanism 
of this comorbidity is still unclear. 

Over the past two decades, electroencephalography 
(EEG) studies have been conducted to investigate the neu-
robiological characteristics of neurodevelopmental dis-
orders [16-18]. The aberrant resting-state EEG can be con-
sidered as valuable information in the temporal dynamics 
of brain function. Previous studies of the association be-
tween ADHD and spontaneous EEG activity have gen-
erally reported increased slow-wave activity (i.e., delta 
and theta power) in the frontal area of the brain [19,20]. A 
meta-analysis of nine EEG studies in patients with ADHD 
and controls found an increase in theta power and a de-
crease in beta power, resulting in an increased theta/beta 
power ratio with an effect size of 3.08 in ADHD [19]. 
Based on these findings, the high theta/beta ratio was sug-
gested as a tool for evaluating ADHD [21], although its 
use was recommended within the limits of a research 
study due to its lack of evidence and high false-positive 
rate [21,22].

The previous studies for the EEG findings in patients 
with TD were performed in relation to the tics suppression 
and found increased connectivity between brain regions 
and increased alpha and beta band oscillations during the 
suppression of tics [23-26]. For instance, Zapparoli et al. 
[24] also reported a decreased level of beta power in pa-
tients with TD than the healthy controls during the ex-
ecution of some tasks; however, this abnormal pattern be-
came normal during the voluntary tics suppression. 
Morand-Beaulieu also investigated the EEG changes dur-
ing tic suppression and found an increased alpha-band 
connectivity during tic suppression in children with TD 
[25]. Meanwhile, other studies using the resting state EEG 
in patients with TD also found reduced EEG complexity 
index values (e.g., sample entropy) in all channels and de-
creased connectivity between the frontal and tempo-
ral/occipital/parietal lobes, compared to healthy controls 
[27,28].

As aforementioned, ADHD and TD are highly co-
morbid conditions with common genetic components. 
However, despite the multiple studies for the EEG findings 

of each psychopathology comparing with the normal 
controls, respectively, there is still a lack of studies that di-
rectly compared the resting-state EEG between both psy-
chopathologies of ADHD and TD. Moreover, studies con-
sidering the volume conduction effect are also scarce. 
This is the important factor of spectrum analysis EEG at 
sensor level that may cause lower reliability or type 1 er-
ror [29]. Exact low-resolution brain electromagnetic to-
mography (eLORETA) is a three-dimensional visual-
ization tool that reconstructs cortical electrical activity 
from EEG data with correct localization [29]. Using the 
principles of linearity and superposition, eLORETA pro-
duces a low-resolution estimate of any distribution of 
electrical neuronal activity [30]. The usefulness and accu-
racy of eLORETA in solving the inverse problem of differ-
ent brain disorders with EEG data have been demon-
strated [20,31,32]. Thus, the present study aimed to com-
pare the neurophysiological characteristics between 
these two developmental disorders using resting-state 
EEG with eLORETA analysis.

METHODS

Participants
A total of 55 children and adolescents, who visited the 

outpatient clinic of child and psychiatry in a university 
hospital, Republic of Korea, were recruited. The ex-
clusion criteria were: (1) no previous history of a head in-
jury, somatic disorder, or epilepsy; (2) no loss of con-
sciousness; and (3) no diagnosis of intellectual disability 
based on the Diagnostic and Statistical Manual of Mental 
Disorders 5th edition. Thirty-four patients diagnosed with 
ADHD (24 boys, 10 girls; mean age 10.32 ± 2.34 years) 
and 21 patients with TD (19 boys, 2 girls; mean age 9.76 
± 2.23 years) matched for age and full-scale intelligence 
quotient were recruited. All subjects were right-handed. 
Some of the study participants were receiving medication 
and were asked not to take it for at least 72 hours before 
the experiment. The parent(s) of each child provided writ-
ten informed consent after children and parents received 
an explanation of the study purpose and methodology. 
The study protocol was approved by the ethical review 
committee of Dankook University Hospital (IRB No. 
2020-06-013). 
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Clinical Assessments

Intelligence test

To evaluate the participants’ intelligence, we used the 
standardized version of the Korean-Wechsler Intelligence 
Scale for Children-Fourth Edition [33,34], which is de-
signed to evaluate the cognitive ability of children and 
adolescents aged 6−16 years. 

Behavioral assessment 

Participants’ behavioral outcomes were assessed using 
the Child Behavior Checklist (CBCL), a multi-faceted as-
sessment scale to assess emotional and behavioral prob-
lems in children and adolescents [35]. It contains 119 
questions, and each question is answered as “does not 
correspond to this at all” (0 points), “sometimes or so” (1 
point), and “often or very often” (2 points). The CBCL in-
cludes eight subscales, including withdrawal, physical 
symptoms, depression/anxiety, social problems, thinking 
problems, attention problems, delinquency, and ag-
gression, as well as an internalization problem scale, ex-
ternalization problem scale, and total problem behavior 
scale. 

Korean version of the Dupaul ADHD rating scale

The severity of ADHD features was assessed using the 
Korean version of the Dupaul ADHD rating scale (K-ARS), 
which consists of 18 questions, each of which is scored on 
a 4-point scale of 0−3. This scale includes nine items 
about attention-deficit and nine questions about hyper-
activity/impulsivity [36]. Odd-numbered questions eval-
uate carelessness, and even-numbered questions evaluate 
hyperactivity/impulsivity. The standardization of K-ARS 
has been established [37].

Yale Tic Symptom Rating Scale

The severity of TD was evaluated using the Yale Global 
Tic Symptom Rating Scale (YGT-SS). This scale was devel-
oped by Leckman et al. [38] in 1989 and allows skilled 
clinicians to assess the severity of tic symptoms by 
semi-structured interviews with various information 
providers. The YGT-SS includes a self-reported ques-
tionnaire and evaluation by direct observation. First, the 
clinician asks the patient’s family about the pattern and 
body distribution of tic symptoms in the previous week, 
administers the patient semi-structured interview, and 

then records a list of tic symptoms. After completing the 
semi-structured interview using a list of tic symptoms as a 
guide, the clinician evaluated motor and vocal tics in five 
dimensions, namely, number, frequency, intensity, com-
plexity, and interference of motor and vocal tics over the 
past weeks. For each dimension, a 6-point scale ranging 
from 0 to 5 for each domain is used with a separate item 
for the overall impairment regarding the subject’s daily 
life. 

EEG Recordings and Data Acquisition
An EEG was recorded for each patient using a digital 

BioBrain-32 dried-cap device (BioBrain Inc., Daejeon, 
Korea) with the electrodes positioned according to the 
International 10−20 system (i.e., Fp1, Fp2, AF3, AF4, F3, 
Fz, F4, F7, F8, FC3, FCz, FC4, C3, Cz, C4, FT7, FT8, T7, 
T8, TP7, TP8, CP3, CPz, CP4, P3, Pz, P4, P7, P8, O1, Oz, 
and O2). The EEG activity was acquired using FCz as the 
reference and FPz as the ground with a sampling rate of 
250 Hz. Vertical eye movement was recorded from two 
electrodes placed above and below the left eye, with hori-
zontal eye movements recorded from electrodes placed 
on the outer canthus of each eye. Online filtering was per-
formed between 1 and 50 Hz and notch filtering at 60 Hz. 
Impedance was kept below 50 kΩ because of the dry elec-
trodes used with the EEG acquisition cap. 

Collection and Preprocessing of Resting-state EEG 
Data 

The experiment was performed in a noise-attenuated 
room. Resting-state EEG data were recorded for 3 minutes 
each with the eyes open and closed on two occasions 
(i.e., EO-EC-EO-EC, total 12 minutes). The participants 
were awake, comfortably seated, and requested to relax 
and try not to move. All data were exported in ASCII 
format. EEG preprocessing was performed with MATLAB 
R2015a (MathWorks, Natick, MA, USA) and used 
EEGLAB v14.0. The raw data were sampled to 250 Hz and 
re-referenced to the average. The EEG data were filtered 
with a 1−50 Hz-bandpass filter. Off-line artifact rejection 
was then performed by visual inspection to eliminate ep-
ochs caused by body movement or a bad channel. 
Finally, independent component analysis was performed 
to eliminate ocular and prominent muscle artifacts [39], 
including tic movements.
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Table 1. Demographic and clinical characteristics of participants

Variables ADHD (n = 34) Tic disorder (n = 21) df χ2 or t

Age 10.32 ± 2.34   9.76 ± 2.23 53 −0.918
Sex, female/male (n) 10/24 2/19 0.083
Full Scale IQ 82.62 ± 9.62 84.19 ± 6.94 53 0.878
YGT-SS total score   2.97 ± 4.71 25.33 ± 15.5 22.29 −6.40***
K-ARS total score 26.88 ± 4.68 14.62 ± 4.99 53 9.20***
CBCL

Total problem score 70.59 ± 10.54 61.67 ± 7.63 53 3.35***
Internalizing 62.62 ± 10.83 56.81 ± 6.76 53 2.202*
Externalizing 67.91 ± 11.21 60.48 ± 7.95 53 2.65*
Anxious/depressed 63.18 ± 9.26 57.24 ± 6.97 53 2.526*
Withdrawn 59.85 ± 9.28   57.1 ± 6.72 53 1.181
Somatic complain 58.38 ± 8.38 55.95 ± 4.88 53 1.205
Social problem 69.06 ± 8.46 61.24 ± 7.19 53 3.518***
Thought problem 63.59 ± 7.72      62 ± 5.53 53 0.82
Attention problem 68.68 ± 8.86 62.43 ± 7.06 53 2.735**
Delinquent behavior 62.35 ± 7.21 57.71 ± 6.81 53 2.366*
Aggressive behavior 66.35 ± 9.06 61.48 ± 6.12 53 2.173*

Values are presented as mean ± standard deviation.
ADHD, attention-deficit/hyperactivity disorder; IQ, intelligent quotient; YGT-SS, Yale Global Tic Severity Scale; K-ARS, Korean version of ADHD 
rating scale; CBCL, Child Behavior Checklist.
*p ＜ 0.05; **p ＜ 0.01; ***p ＜ 0.001.

EEG Source Localization and Statistical Analysis
eLORETA was used to compute the intracortical dis-

tribution of the electrical activity from the surface EEG da-
ta [29]. This method is a discrete, three-dimensionally dis-
tributed, linear, weighted minimum norm inverse 
solution. The weights used in eLORETA provide tomog-
raphy with the property of exact localization to test point 
sources, yielding images of current density with exact lo-
calization, albeit with a low spatial resolution (i.e., neigh-
boring neuronal sources are highly correlated). A further 
property of eLORETA is that it has no localization bias 
even in the presence of structured noise [30].

In this study, the solution space was restricted to the 
cortical gray matter, corresponding to 6239 voxels at a 
spatial resolution of 5 × 5 × 5 mm. The Montreal 
Neurological Institute average MRI brain (MNI152) was 
used as a realistic head model, for which the lead field 
was computed [40,41]. The validity of eLORETA tomog-
raphy was confirmed in previous validation studies of 
LORETA and sLORETA [42,43]. 

Selected artifact-free EEG segments were used to calcu-
late the eLORETA intracranial spectral density from 1−50 
Hz with a resolution of 1 Hz. Functional eLORETA images 
of spectral density were computed for seven frequency 
bands: delta (1−4 Hz), theta (4−8 Hz), alpha (8−12 Hz), 

beta1 (13−21 Hz), beta2 (21−30 Hz), beta3 (30−40 
Hz), and gamma (40−50 Hz).

The difference in cortical oscillations in each frequency 
band and the localized source between groups was as-
sessed voxel-by-voxel by the independent-samples t test 
and the paired t test based on eLORETA log-transformed 
current density power. In the resulting statistical three-di-
mensional images, cortical voxels showing significant dif-
ferences were identified by a nonparametric approach 
(statistical nonparametric mapping) via randomizations 
[44]. In the resulting three-dimensional statistical map-
ping, cortical voxels with significant differences were 
identified by means of a nonparametric permutation and 
randomization procedure with the threshold set at the 5% 
probability level, comparing the mean source power in 
each voxel and the distribution in the permutated values. 
This randomization strategy determined the critical prob-
ability threshold values for the observed t values with cor-
rection for multiple comparisons across all voxels and all 
frequencies. The correction is exact for a large number of 
randomizations, based on Fisher’s permutation method. 
Thus, the results do not need to rely on Gaussianity [44]. 
By evaluating the empirical probability distribution of the 
“maximal statistics” in the null hypothesis, permutation 
and randomization tests have been demonstrated to effec-
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Fig. 1. Averaged eLORETA current 
source density of each frequency 
band in EO and EC conditions of 
both groups of ADHD and TD. A 
current density value from each 
frequency band was calculated and 
fixed with maximum global power 
(max CSD fixed with alpha band 
value for EC = 5.34; max CSD fixed 
with alpha band value for EO = 
3.96). 
ADHD, attention-deficit/hyperactivity 
disorder; TD, tic disorder; CSD, current 
source density; EO, eye-open; EC, 
eye-closed; eLORETA, exact low- 
resolution brain electromagnetic 
tomography; L, left; R, right.

tively control type I error in neuroimaging studies [44]. 
Demographic and clinical data were examined using the 
independent t-test with SPSS version 26 (IBM Corp., 
Armonk, NY, USA).

RESULTS

Demographic and Clinical Characteristics
The patient demographics and clinical characteristics 

are shown in Table 1. There was no significant be-
tween-group difference in the distributions of patient age 
(8−12 years), sex, and the full-scale intelligence quotient. 
The CBCL and K-ARS scores were significantly higher in 
patients with ADHD than in those with TD (CBCL total 
problem, t = 3.35, p ＜ 0.001; K-ARS, t = 9.20, p ＜ 0.001) 
while YGT-SS scores were significantly higher in patients 
with TD (YGT-SS total, t = −6.40, p ＜ 0.001). 

Averaged Current Source Density for each Frequency 
Band in ADHD and TD

Figure 1 shows the averaged eLORETA solutions for 
each frequency band in the resting-state condition in both 
study groups. The highest current source density (CSD) 

values were found in the alpha band in the ADHD group 
(EC alpha = 5.34; EO alpha = 3.96). There was a similar 
slow-wave CSD (Theta band) in both the EO and EC con-
ditions of the ADHD group over the frontal cortex. On the 
other hand, alpha cortical sources showed high CSD over 
the parieto-occipital regions in the ADHD group. The stat-
istical analysis did not reveal any significant difference in 
every frequency band between EO and EC conditions of 
the ADHD group. Contrary to the ADHD group, the chil-
dren with TD showed significant differences in alpha and 
beta band activities between EO and EC conditions.

Comparison of Source Localization between the 
ADHD and TD Group in EC Condition 

Figure 2 shows the statistical differences of CSD be-
tween children with ADHD and TD in EC condition, with 
Figure 2A representing the differences of theta activity and 
Figure 2B representing the differences of alpha activity. 
Source localization analysis showed significantly higher 
CSD values for theta band activity in the ADHD group, 
compared to children with TD. over the frontal region 
(max t threshold: 3.34 for p ＜ 0.05; superior frontal gyrus, 
t = 3.37; medial frontal gyrus, t = 3.35; corrected for multi-
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Fig. 2. Comparison of Source Localization between the ADHD and TD group in EC condition. Colored areas represent the spatial extent of voxels 
with a significant difference between ADHD and TD groups (yellow and cyan blue-coded for p ＜ 0.05, corrected for multiple comparisons) in 
current source density. Significant results are projected onto a brain MRI template. The MRI slices are located at the MNI-space coordinates indicated 
in the figure that corresponds to the voxel of the highest significance. The color scale represents t values (max t threshold = ±3.34, p ＜ 0.05). (A) 
Represents the differences of theta activity between the groups. ADHD shows increased theta activity than TD, mainly in the frontal lobe (superior 
frontal gyrus, t = 3.38, p ＜ 0.05; medial frontal gyrus, t = 3.35, p ＜ 0.05). (B) Represents the differences of alpha activity. TD group showed 
decreased alpha activity than ADHD in EC condition, mainly posterior region (precuneus, t = −3.40, p ＜ 0.05; posterior cingulate gyrus, t = −3.38, 
p ＜ 0.05). 
ADHD, attention-deficit/hyperactivity disorder; TD, tic disorder; CSD, current source density; EO, eye-open; EC, eye-closed; eLORETA, exact 
low-resolution brain electromagnetic tomography; MNI, Montreal Neurological Institute; MRI, magnetic resonance imaging.

ple comparison with nonparametric randomization; Fig. 
2A). 

On the other hand, current densities for alpha band ac-
tivity were significantly decreased in TD group than the 
ADHD group, over the parietal region (max t threshold: 
−3.34, for p ＜ 0.05; precuneus, t = −3.40; posterior 
cingulate gyrus, t = −3.38; corrected for multiple com-
parison with nonparametric randomization; Fig. 2B). 

Unlike the EC condition, there was no significant differ-
ences of EEG CSD between ADHD and TD in EO con-
dition (one-tailed [A ＞ B] max t threshold: 3.46, p = 0.26; 
one-tailed [A ＜ B] max t threshold: −3.52, p = 0.17). 

Comparison of Source Localization between the EO 
and EC Conditions in the ADHD Group

There was no significant difference in CSD for every 
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Fig. 3. Comparison of Source Localization between the EO and EC conditions in the TD Group. Colored areas represent the spatial extent of voxels 
with a significant difference (yellow and cyan blue-coded for p ＜ 0.05, corrected for multiple comparisons) in current source density between EC 
and EO in TD. (A) Shows the differences of alpha activity and (B) shows the differences of beta activity, respectively. Significant results are projected 
onto a brain MRI template. The MRI slices are located at the MNI-space coordinates indicated in the figure that corresponds to the voxel of the 
highest significance. The color scale represents t values (max t threshold = ±4.62, p ＜ 0.05). (A) EC condition shows the significantly increased alpha 
activity in TD over the parietal lobe. (B) EO condition shows the significantly increased beta activity than EC in TD, over the posterior and occipital 
region. 
TD, tic disorder; EO, eye-open; EC, eye-closed; eLORETA, exact low-resolution brain electromagnetic tomography; MNI, Montreal Neurological 
Institute; MRI, magnetic resonance imaging.

EEG frequency band between EO and EC conditions in 
the ADHD group (one-tailed [A ＞ B] max t threshold: 2.49, 
p = 0.26; one tailed [A ＜ B] max t threshold: −3.11, p = 
0.09). 

Comparison of Source Localization between the EO 
and EC Conditions in the TD Group

Statistical nonparametric mapping identified significant 

differences of EEG activities between the EO and EC con-
ditions in the TD group (Fig. 3). Source localization analy-
sis showed higher CSD values for alpha-band activity in 
EC condition than the EO condition, which was statisti-
cally significant in the posterior region, namely, the poste-
rior cingulate (Fig. 3A; max t threshold: 4.62 for p ＜ 0.05; 
posterior cingulate, t = 4.88; corrected for multiple com-
parison with nonparametric randomization). Furthermore, 
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CSD values for beta-band activity in TD group for EO con-
dition were significantly higher than the EC condition in 
the parietal and occipital regions, namely the precuneus, 
posterior cingulate, superior parietal lobule, and cuneus 
(Fig. 3B; max t threshold: −4.67 for p ＜ 0.05; precuneus, 
t = −5.15; posterior cingulate, t = −5.08; cuneus, t = 
−4.94; and superior parietal lobule, t = −4.82; corrected 
for multiple comparison with nonparametric random-
ization).

DISCUSSION

The present study investigated the neurophysiological 
differences in the resting state EEG between the age- and 
intelligence-matched children with ADHD and TD by an-
alyzing CSD detected with eLORETA. Previous rest-
ing-state EEG studies in ADHD have shown that spectral 
power or CSD is higher in the theta band and lower in the 
alpha and/or beta bands in children with ADHD than in 
healthy controls [20,45-49]. A recent review of 65 studies 
for the resting-state EEG in children with ADHD found 
very high consistency and validation scores in the in-
creased relative power of the slow-wave (e.g., delta and 
theta bands) in the EC condition [50]. Elevated theta pow-
er in the resting state has been considered a sign of cort-
ical slowing (i.e., hypo-arousal), contributing to the in-
attentional symptoms in children with ADHD [19]. Our 
findings of increased theta CSD in children with ADHD 
are consistent with the previous studies, even when com-
pared to TD. 

Previous studies reported that the theta activities in the 
mid frontal area reflect a neural mechanism of cognitive 
control associated with the attention process [51-53]. 
They are also associated with working memory, and an 
increase in theta power was related to the amount of task 
loading [54,55]. Theta activities also predicted lower re-
sponse time variability at the trial level in ADHD children 
than healthy controls [56]. Furthermore, regarding 
age-dependent properties in EEG, our results are partly in 
agreement with the findings reported by Clarke et al. [49] 
and Ahmadi et al. [20], who noted a general increase in 
frontal theta power in 8−12-year-old children with 
ADHD compared with healthy controls. Overall, the in-
creased theta activity in the frontal region might reflect 
their pathophysiological characteristic due to an im-
maturity of development in the brain. 

Moreover, our within-group analysis of children with 
ADHD did not find a statistically significant difference in 
alpha CSD in two resting conditions (i.e., between the EO 
and EC conditions), which indicates that alpha CSD does 
not decrease in the resting state when the eyes are open. It 
is well known that alpha activity in the posterior region is 
dominant in normal individuals when the eyes are closed 
in the resting state and that this activity is suppressed by 
visual stimulation [57]. This “alpha block” pattern repre-
sents a state of arousal, and alpha oscillations functionally 
inhibit specific regions, which serves to route information 
by blocking task-irrelevant pathways [58,59]. Several 
studies reported that posterior alpha desynchronization is 
associated with visual working memory, visual attention, 
and state of arousal in healthy subjects [48,60]. In our 
study, alpha desynchronization was not observed in chil-
dren with ADHD in the EO condition, which implicates 
the maintenance of hypo-arousal status that might be as-
sociated with inattentiveness.

Although TD is one of the major neurodevelopmental 
disorders, there is a paucity of research on EEG activity 
during the resting state in children with TD. Weng et al. 
[27] compared the resting-state EEG between the children 
with TD and healthy controls and found that the EEG 
complexity index values (e.g., sample entropy) in all 
channels were reduced in children with TD, serving as a 
marker of disturbed brain connectivity. The present study 
found that children with TD showed attenuated alpha ac-
tivity in the posterior region (i.e., the precuneus and pos-
terior cingulate gyrus) when compared with their counter-
parts with ADHD in the EC condition. Thus, our findings 
for the attenuated alpha activity in TD could be consid-
ered in association with the impairment of the inhibitory 
process, despite the paucity of previous studies. 

The spontaneous alpha oscillation is the most ubiq-
uitous cortical electroencephalographic oscillation at 
rest, and the properties of alpha power have been consid-
ered as one of the neurophysiological biomarkers of cort-
ical excitation or inhibition [61-63]. In the framework of 
sensory aspects of TD (e.g., Tourette’s syndrome), re-
searchers have suggested that the symptoms of TD are re-
lated with sensory features, characterized by the pre-
monitory urge, which represents the hypersensitivity of 
patients with TD [64]. Previous studies have reported that 
the attenuated alpha power was associated with de-
creased inhibitory sensory processing [61-63]. Regarding 
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alpha oscillation, as inhibitory oscillation, our result 
might reflect the aberrant interoceptive sensory process in 
children with TD [65]. Previous studies in adults with TD 
demonstrated that alpha coherence between the pre-
frontal and cortical motor areas increased when the par-
ticipants were engaged in voluntary suppression of their 
tics [23,66]. Furthermore, Serrien et al. [23] compared 
event-related EEG data between the TD group and healthy 
controls and reported that EEG alpha coherence in the 
fronto-mesial network increased significantly more in the 
TD group when they suppressed voluntary movements 
during the Go/NoGo task, compared to controls. These 
findings might be explained by the positive association 
between the increase in alpha activity and behavioral 
inhibition. Functional MRI studies in children with TD al-
so reported the decreased activity in the posterior cingu-
late gyrus and precuneus area, suggesting a disrupted 
cortical control circuit that likely causes failure of in-
hibition of tic behaviors in children with TD [67,68]. 
These could be considered consistent with our finding of 
decreased alpha activity in the same brain region.

Limitations
The present has some limitations that should be noted. 

First, it did not include a healthy control group. Further 
studies that include age-matched controls are needed to 
confirm the present findings. Second, although chan-
nel-specific EEG and voxel-specific analysis were per-
formed, brain interactions between regions were not 
investigated. EEG-based network analysis reflects the ef-
fect on temporal dynamics between brain regions, and 
further study, including the network analysis, is needed to 
provide additional evidence for the EEG characteristics in 
children with ADHD and TD. 

This is the first study that compared the neuro-
physiological characteristics of ADHD and TD in children 
using the resting-state EEG with eLORETA. The children 
with ADHD presented significantly higher theta activity in 
the frontal area than the children with TD. On the other 
hand, the children with TD showed significantly de-
creased alpha activity in the precuneus and posterior cin-
gulate gyrus than children with ADHD. This finding may 
represent a decrease in the inhibitory process in the poste-
rior region of the brain in children with TD. 
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