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Background and Purpose  We aimed to reveal resting-state functional connectivity char-
acteristics based on the spike-free waking electroencephalogram (EEG) of benign epilepsy 
with centrotemporal spikes (BECTS) patients, which usually appears normal in routine visual 
inspection.
Methods  Thirty BECTS patients and 30 disease-free and age- and sex-matched controls 
were included. Eight-second EEG epochs without artifacts were sampled and then bandpass 
filtered into the delta, theta, lower alpha, upper alpha, and beta bands to construct the associa-
tion matrix. The weighted phase lag index (wPLI) was used as an association measure for EEG 
signals. The band-specific connectivity, which was represented as a matrix of wPLI values of 
all edges, was compared for analyzing the connectivity itself. The global wPLI, characteristic 
path length (CPL), and mean clustering coefficient were compared.
Results  The resting-state functional connectivity itself and the network topology differed in 
the BECTS patients. For the lower-alpha-band and beta-band connectivity, edges that showed 
significant differences had consistently lower wPLI values compared to the disease-free con-
trols. The global wPLI value was significantly lower for BECTS patients than for the controls in 
lower-alpha-band connectivity (mean±SD; 0.241±0.034 vs. 0.276±0.054, p=0.024), while the 
CPL was significantly longer for BECTS in the same frequency band (mean±SD; 4.379± 0.574 
vs. 3.904±0.695, p=0.04). The resting-state functional connectivity of BECTS showed decreased 
connectivity, integration, and efficiency compared to controls.
Conclusions  The connectivity differed significantly between BECTS patients and disease-free 
controls. In BECTS, global connectivity was significantly decreased and the resting-state func-
tional connectivity showed lower efficiency in the lower alpha band.
Key Words  ‌�functional connectivity, electroencephalography, resting state, epilepsy, 

benign epilepsy with centrotemporal spikes.

Electroencephalographic Resting-State Functional 
Connectivity of Benign Epilepsy 
with Centrotemporal Spikes

INTRODUCTION

Epilepsy is a disorder of recurrent spontaneous seizures, and the hallmarks of its associat-
ed electrophysiological abnormalities are cerebral hyperexcitability and hypersynchrony, 
which are represented by interictal epileptiform discharges (IEDs) in the routine electro-
encephalogram (EEG). IEDs play a critical role in the diagnosis of the specific type of epi-
lepsy, and their presence or absence during serial EEGs is an essential laboratory marker 
for decision-making about treatment withdrawal.1 

Benign epilepsy with centrotemporal spikes (BECTS) is a highly typical age-related epi-
lepsy syndrome with excellent seizure and EEG outcomes.2 Its benign course has been ex-
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plicitly recognized, and the new terminology of self-limited 
epilepsy with centrotemporal spikes (SLECT) has newly ap-
peared.3 Most SLECT patients exhibit normal waking EEGs 
except for centrotemporal spikes on waking,4 which means 
that there is no abnormality to detect in a routine visual 
analysis of their waking EEG. It is well known that centro-
temporal spikes persist longer than their seizures, and usual-
ly last until adolescence.5 For cases where anticonvulsants are 
initiated in BECTS patients, waiting for IEDs to disappear 
could take longer due to the natural course of BECTS. Addi-
tional information such as connectivity in an otherwise nor-
mal waking background EEG in BECTS is therefore needed.

Stam et al.6 introduced the phase lag index (PLI) to statis-
tically quantify the phase synchronization of two signals. The 
PLI performed better than previous methodologies such as 
the imaginary part of coherence in detecting true changes in 
phase synchronization. However, the PLI is sensitive to noise 
and volume conduction. Vinck et al.7 introduced the weight-
ed phase lag index (wPLI) to reduce the influences of com-
mon noise sources and changes in the phase of the coherency. 
Among many association measures used in connectivity anal-
yses of EEG and magnetoencephalogram (MEG) signals, the 
wPLI is a good candidate parameter for revealing synchro-
nized data.

A few studies have analyzed the resting-state functional 
connectivity of BECTS using the EEG. However, the results 
were contradictory in showing decreased8 or increased9 con-
nectivity depending on the different association measures 
used. We therefore performed the present study to visualize 
the differences in connectivity and network topology with the 
aim of clarifying the real situation. The hypothesis tested in 
this study was that the network itself and its topology differ 
between BECTS patients and their corresponding disease-free 
controls. To the best of our knowledge, no previous study has 
analyzed the EEG resting-state functional connectivity using 
the wPLI, or addressed the network topology difference in 
BECTS. 

The purpose of this study was to visualize the resting-state 
functional connectivity of spike-free waking background 
EEGs of BECTS patients and reveal any abnormalities from 
the visually normal EEG of BECTS patients at the time of di-
agnosis and before treatment. The resting-state functional 
connectivity and network topology measures of BECTS were 
compared to those of disease-free controls.

METHODS
 

Patients and controls
Patients with BECTS who visited Seoul National University 
Bundang Hospital between June 2003 and February 2016 

were identified using a clinical data warehouse program. The 
diagnosis of BECTS was made at the clinic and was reassessed 
for this research according to the International League Against 
Epilepsy criteria.10 The inclusion criteria were showing a typi-
cal benign and self-limiting course of BECTS,3,11 and the avail-
ability of serial routine (sleep with or without waking) EEGs 
from onset to remission and sufficient medical information 
to confirm the typical benign nature of the seizure and EEG 
outcomes. The exclusion criteria were a short follow-up, loss 
to follow-up, evidence of atypical progression,12,13 availability 
of sleep EEG recordings only at the diagnosis, or EEG record-
ings containing excess artifacts that would hinder connec-
tivity analysis. 

Since EEGs differ significantly during development in this 
age group,14 sex- and age-matched controls were recruited from 
the same institution. Control EEGs were obtained from pa-
tients who underwent EEG examinations for evaluations of 
syncope or seizure-like events. Only patients in a normal 
neurological condition and who were free of central nervous 
system disorders such as headaches, developmental delay, 
and epilepsy were included in the disease-free control group.

EEG examinations
EEGs were recorded using a 32-channel digital EEG system 
(Grass Telefactor; West Warwick, RI, USA) with electrodes 
placed according to the international 10–20 system. The sam-
pling rate was 200 Hz. EEGs were recorded without sedation 
whenever possible, but patients were sedated with chloral hy-
drate if necessary (50 mg/kg; maximum, 1 g). Only EEGs of 
sufficient length were analyzed. Medication-naïve EEGs at 
the diagnosis of BECTS were analyzed to exclude the effect 
of medication on functional connectivity.

EEG preprocessing and epoch selection
Since the purpose of this study was to identify the difference 
in functional connectivity relative to the otherwise normal 
waking EEG of patients, epochs for analysis were selected from 
spike-free parts of waking EEGs. Moreover, the EEGs were 
also scanned for possible contamination by artifacts, and so 
finally spike- and artifact-free epochs were analyzed. Quiet 
wakefulness was evaluated based on the quality of the poste-
rior rhythm, overall EEG background, and presence of arti-
facts. All of the EEGs were reformatted to average reference 
montage to minimize the confounding effects of specific brain 
activities and to achieve reference cancellation effects.15 Raw 
EEG files were transformed into European Data Format (EDF) 
files using a bandpass filter (0.5–70 Hz) and a 60-Hz notch 
filter. As many 8-second epochs as possible were selected as 
described above. Data transformation into ASCII files was 
performed using Brain Electrical Source Analysis (BESA) Re-
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search software (version 6.0, BESA, Grafelfing, Germany). 
The epoch length was set to 1,600 data points (8 seconds at 
200 Hz) based on a reference paper and subsequent research 
that assessed the minimum length of a recording required 
for wPLI analysis.16

Band separation
For off-line analysis using MATLAB (Natick, MA, USA), the 
recordings were converted into ASCII files at a sampling rate 
of 200 Hz. Epochs were bandpass filtered into the following 
commonly used frequency bands: delta (0.5–4 Hz), theta 
(4–8 Hz), lower alpha (8–10 Hz), upper alpha (10–13 Hz), 
and beta (13–30 Hz). All of the subsequent analyses were per-
formed separately for these bands.

Use of wPLI to measure functional connectivity
The wPLI,7 which is an extension of the PLI, was used as a 
measure of functional connectivity. The PLI is an index of 
the asymmetry in the distribution of phase differences calcu-
lated from the instantaneous phases of two time series. The 
instantaneous phases were determined using the Hilbert 
transformation, with a Hann window applied before imple-
menting the concurrent fast Fourier transform. If Δϕ is the 
phase difference, the PLI is defined as:

PLI≡|E{sgn(Δϕ)}|,

where E is a function that computes the mean value, and sgn 
is a function that extracts the sign of a real number. The wPLI 
can be derived by weighting each phase difference accord-
ing to the magnitude of the lag as follows:

|E{Δϕ}|     |E{|Δϕ|sgn(Δϕ)}|
wPLI≡  =  .

E{Δϕ}               E{|Δϕ|}

This weighting reduces the risk of a true signal being af-
fected by small noise perturbations. Uncorrelated noise 
sources increase the signal power, but the wPLI is calculat-
ed based only on the imaginary component, which increas-
es the robustness against noise.

Construction of network connectivity
We constructed a weighted undirected network by defining 
19 EEG electrodes (Fp1, F3, C3, P3, O1, Fp2, F4, C4, P4, O2, 
F7, T3, T5, F8, T4, T6, Fz, Cz, and Pz) as network nodes and 
the wPLI values between electrode pairs as edges. A single 
connectivity network was calculated for each epoch. To im-
prove reliability, we computed the representative connectiv-
ity network by averaging the computed single connectivity 
networks.17

Network metrics
For network analysis, we calculated several metrics for the 
representative connectivity network for each subject. Global 
network metrics were calculated using the Brain Connec-
tivity Toolbox in MATLAB.17 The global network metric has 
a single representative value for each network. The global 
wPLI was calculated as the average of the weights of all edges, 
and it represents the overall connectivity in specific frequen-
cy bands. The mean clustering coefficient (CC) and the char-
acteristic path length (CPL) were calculated from the net-
work as the global metrics. The CC is a measure of the degree 
to which nodes in a graph tend to cluster together. The mean 
CC is calculated by averaging the CC values for all nodes, 
and a higher mean CC value indicates that the network tends 
to create tightly knit groups characterized by a relatively high 
density of connections. The CPL is calculated by averaging 
the shortest path lengths between all node pairs. 

Comparison between patients and controls
The overall frequency and amplitude distributions of the two 
groups were analyzed using power spectral density (PSD) 
graphs. The PSD graph was generated for each epoch, and 
the obtained graphs were averaged for each subject. The PSD 
graphs of each subject were then averaged for group analysis. 
The EEG resting-state functional connectivity was compared 
between the two groups by comparing the wPLI values of all 
edges. The mean global wPLI values for each frequency band 
were compared. Network topology measures were compared 
to identify differences in network characteristics. 

Statistical analysis
Statistical analysis was performed using SPSS for Windows 
(version 22.0, IBM Corp., Armonk, NY, USA). Whether the 
wPLI, CPL, CC, and global wPLI values conformed to a nor-
mal distribution was checked using the Kolmogorov-Smirnov 
test. Since this was confirmed for all of the variables, a paired 
t-test was applied to matched pairs with a two-sided alpha 
threshold of 0.05. The p values were corrected for 30 differ-
ent frequency bands for the PSD and 5 different frequency 
bands for network metrics with the Bonferroni method. For 
comparisons of connectivity itself, the nominal p value was 
used initially to compare only the paired wPLI values of nodes. 
To deal with the problems of multiple testing, we adopted the 
approach for controlling the false discovery rate (FDR) provid-
ed in the network-based statistic (NBS) Connectome MAT-
LAB package (version 1.2).18 We applied the FDR approach 
to each frequency band to reject the null hypothesis at the 
level of individual connections. We used 19×19 connectivity 
matrices of each frequency band as inputs for the FDR ap-
proach with 50,000 permutations and a significance thresh-
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old of 0.05. A one-sided t-test was applied solely due to a 
limitation of the NBS Connectome software. 

Ethical issues
The protocol of this study was reviewed and approved by the 
Institutional Review Board of the Seoul National University 
Bundang Hospital (IRB No. B-1705-399/102). The IRB 
waived the need to obtain informed consent due to the retro-
spective nature of the review of medical records and EEG data.

RESULTS

Among 132 patients who were diagnosed with BECTS, 30 
patients (17 males and 13 females) with sufficient informa-
tion and follow-up duration were included in the analysis. 
The reasons for exclusion were loss to follow-up (12 patients), 
short follow-up (63 patients), initial raw EEG data loss due 
to data storage problems (12 patients), and EEG quality insuf-
ficient for connectivity analysis (15 patients). The mean age at 
onset was 8.5 years (range, 5.5–11.0 years) and the mean age 
at EEG recording was 8.7 years (range, 5.5–12.1 years). The 
mean follow-up duration of the patients was 5.0 years after 
onset (range, 3.5–9.0 years). Thirty disease-free control chil-
dren were 1:1 matched for age at the time of EEG recording 
and sex for paired analyses. The mean age of these controls at 
EEG recording was 8.8 years (range, 5.8–12.4 years). The 
mean numbers of epochs analyzed were 28.3 (range, 12–67) 
and 43.5 (range, 12–154) for the patients and controls, respec-
tively.

The PSD graphs of absolute and relative powers did not 
differ significantly between the patient and control groups. 
Both the absolute (Fig. 1A) and relative (Fig. 1B) powers 
peaked in the lower alpha band for both groups. 

Association matrices constructed using the wPLI showed 
band-specific differences (Fig. 2A). Comparing only the 
difference at a specific edge of a certain band (without cor-
rection) revealed significant differences for increased or de-
creased connectivity in the delta and theta bands. However, 
wPLI values that were different were consistently lower for 
the lower-alpha-band and beta-band connectivity, and they 
were increased for the upper alpha band (Figs. 2B and 3). 
We found 32 significant connections based on the FDR-cor-
rected p values only in the matrix of the lower alpha band 
with the null hypothesis that the connectivity is increased in 
controls compared with patients. There was no significant 
connection in the matrices of the delta, theta, upper alpha, 
and beta bands. No significant connection was found in the 
matrices of all frequency bands with the null hypothesis 
that the connectivity is increased in patients compared with 
controls (Fig. 4).

The averaged wPLI values were significantly lower in the 
lower alpha band for BECTS (Fig. 5 and Table 1). The glob-
al network topology measures of CPL and mean CC were an-
alyzed for each of the five frequency bands. The CPL in the 
lower alpha band was significantly longer in patients, which 
indicates that the global integration of resting-state function-
al connectivity is reduced in BECTS compared to in disease-
free controls. In other words, the resting-state connectivity 
in BECTS patients is less efficient than that in healthy controls. 
However, the CC did not differ significantly between the two 
groups.

DISCUSSION

Differences in resting-state functional connectivity 
identified from normal waking EEGs
The purpose of this study was to reveal differences in con-
nectivity between otherwise normal waking EEGs of BECTS 
patients and disease-free controls. Several differences were 
found by applying connectivity analysis to resting-state wak-
ing EEGs. Network topology aberrations were identified in 
the connectivity for the lower alpha band. Connectivity rep-
resented as a matrix of wPLI values between the nodes was 
decreased along certain edges, and the average wPLI was sig-
nificantly lower for the lower-alpha-band connectivity. The 
resting-state connectivity of the BECTS showed less integra-
tion or lower efficiency. There were recognizable differences in 
the connectivity in the background waking EEGs of BECTS 

Fig. 1. Power spectral density graphs. Absolute (A) and relative (B) PSD 
graphs for the benign epilepsy with centrotemporal spikes and control 
groups, with bars showing median and median absolute deviation 
values. The results were similar for the PSD, and activity peaked in the 
lower alpha band. PSD: power spectral density.
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Fig. 2. A heat map of an adjacent matrix plot of band-specific resting-state functional connectivity (A) and differences of the edges (B). The heat 
map shows the connectivity in the delta, theta, lower alpha, upper alpha, and beta bands with different color scales for each band. The p values were 
not corrected for each frequency band or the 171 edges. Only a certain band and an edge were compared between benign epilepsy with centrotem-
poral spikes patients and controls to produce the connectivity difference pattern.

patients even though they appeared to be normal in routine 
visual inspections. These findings are concordant with pre-
vious reports of alterations of BECTS connectivity that were 

otherwise not identified in routine visual inspections.8,9,19 

Several studies have found differences in otherwise normal 
waking EEGs for focal epilepsy onset,20 patients and family 
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members of idiopathic generalized epilepsies,21 and mesial 
temporal lobe epilepsy and frontal nocturnal epilepsy.22 These 
previous findings as well as the results of the present study 
suggest that EEG resting-state connectivity analysis can pro-
vide novel information that is otherwise not recognized in 
routine visual inspections. This additional information can 
help understand the pathophysiology of epilepsy and may be 
useful as a electrophysiological marker in both research and 
clinical practice. The electrophysiological biomarker identi-
fied in the connectivity analysis of BECTS can also be used 

in clinical decision-making in combination with centrotem-
poral spikes that last longer than clinical remission.

Decreased functional connectivity in BECTS patients
The association measure employed in this study was wPLI, 
which is a measure of phase synchronization. The compari-
sons of connectivity revealed consistently decreased con-
nectivity in specific edges in the lower alpha and beta bands. 
We also revealed a significant decrease in the overall con-
nectivity in the lower alpha band, as represented by a signifi-
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Fig. 3. Graph presentation of edges showing significant differences in a specific band and an edge between benign epilepsy with centrotemporal 
spikes patients and controls (p-value correction was not performed).

Fig. 4. Comparison of the lower-alpha-band connectivity itself between benign epilepsy with centrotemporal spikes patients and controls using 
two-sided t-tests without correction (A) and with one-sided (patient<control) FDR correction (B). FDR: false discovery rate.
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cantly lower global wPLI. This finding implies reductions in 
the synchronization of brain electrical activity between com-
binations of certain electrodes as well as global connectivity 
in BECTS patients compared to controls. A similar study that 
compared 11 patients with controls using lagged phase syn-
chronization (LPS) as an association measure found that LPS 
was weaker in the beta band.19 Low-resolution electromag-
netic tomography of the EEG functional connectivity showed 
that alpha-band functional connectivity was increased in 17 
BECTS patients compared to 19 healthy controls.9 The con-
flicting results from different studies seem to arise from the 
use of different connectivity measures. In contrast to EEG 
studies, functional magnetic resonance image (fMRI) stud-
ies of BECTS have consistently found decreased connectivity 
between eloquent cortices.23,24 Moreover, interhemispheric hy-
posynchrony was observed in a recent fMRI study,25 and a de-
creased EEG correlation has also been observed for focal epi-
lepsy.26 The simultaneously application of multiple features 

revealed decreased functional connectivity in pediatric focal 
epilepsy.27 Combining our findings with those of previous 
studies (and especially fMRI studies) suggests that global 
connectivity is decreased in focal epilepsy such as BECTS. 
This decreased global connectivity in BECTS indicates the 
need for further research into the association between con-
nectivity and functional deficits.

Resting-state functional connectivity of BECTS 
showed low global efficiency
The CPL, which is an integration measure of global network 
topology, was significantly longer for lower-alpha-band con-
nectivity in BECTS. Since the global efficiency is expressed 
as an inverse to CPL, we can infer that the lower-alpha-band 
resting-state functional connectivity of BECTS is less inte-
grated and less efficient. It is particularly interesting that this 
is a consistent finding of focal epilepsy connectivity. A recent 
systematic review of connectivity analysis in focal epilepsy 

Fig. 5. Mean global wPLI values (A) and CPL of benign epilepsy with centrotemporal spikes patients and controls, with error bars indicating standard 
deviations. CPL: characteristic path length, wPLI: weighted phase lag index.

Table 1. Global wPLI, CPL, and CC for BECTS patients and controls in five frequency bands

Band
Global wPLI CPL CC

Patients Controls Patients Controls Patients Controls
Delta 0.152±0.007 0.151±0.005 6.738±0.297 6.785±0.254 0.153±0.007 0.151±0.005

Theta 0.138±0.010 0.136±0.010 7.527±0.502 7.601±0.457 0.139±0.011 0.136±0.011

Lower alpha 0.241±0.034* 0.276±0.054* 4.379±0.574* 3.904±0.695* 0.247±0.040 0.282±0.059

Upper alpha 0.192±0.053 0.185±0.041 5.687±1.208 5.791±1.003 0.195±0.056 0.188±0.046

Beta 0.074±0.005 0.080±0.012 14.011±0.853 13.203±1.545 0.074±0.005 0.080±0.013

Data are mean±standard-deviation values.
*Significant differences between patients and controls (paired t-test, p<0.05, Bonferroni correction).
BECTS: benign epilepsy with centrotemporal spikes, CC: clustering coefficient, CPL: characteristic path length, wPLI: weighted phase lag index.
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concluded that increased CPL was a typical feature of the 
global topology in EEG studies.28 Increased CPL has also 
been revealed by studies of patients with focal epilepsy due 
to tumors29-31 and temporal lobe epilepsy.32 Another study of 
focal epilepsy using fMRI also found increased CPL.33 Our 
finding adds BECTS as further evidence of increased CPL in 
focal epilepsy connectivity. Since CPL is a measure of inte-
gration, increased CPL corresponds to requiring more steps 
for parallel information transfer, low efficiency, and less in-
tegration. However, the clinical significance or consequence 
of this decreased efficiency is still unknown; for example, it 
could be related to global dysfunction due to epilepsy or a 
countermeasure against focal hyperexcitation and hypersyn-
chrony. Further research regarding the functional efficiency 
and functioning of the brain should be performed to cor-
rectly and precisely understand the significance of network 
topology.

wPLI and the results from other studies
This is the first study to have applied the wPLI as an associa-
tion measure for connectivity analysis in BECTS. The wPLI 
is a phase-based measure that has the advantages of a reduced 
sensitivity to volume conduction and the improved detection 
of changes in phase synchronization.15 This measure has 
shown good agreement with MEG connectivity findings for 
adults in the alpha band and was suggested to be a useful 
measure for connectivity analysis.34 Its reproducibility and 
reliability have been reported based on high-resolution EEG 
studies.35 However, the scarcity of applications of wPLI in epi-
lepsy makes it difficult to determine the clinical consequences 
of the findings in this study beyond the general network to-
pology. Connectivity studies using the wPLI are more popu-
lar in the fields of psychiatry and anesthesiology than in 
epilepsy. A study of mild cognitive impairment with type 2 di-
abetes found that decreased PLI values and increased CPL 
were related to cognitive impairment.36 Theta-band connec-
tivity measures have been found to be related to dyslexia in 
children,37 and increased beta-band wPLI connectivity was 
observed in patients with generalized social anxiety disor-
der.38 The present findings provide further evidence for the 
usefulness of the wPLI in connectivity analyses of neurolog-
ical disorders including epilepsy.

Analyzing the lower alpha band 
Distinct band specificity was evident in the present resting-
state connectivity results. When connectivity itself was com-
pared, different edges showed varying degrees of increases or 
decreases in wPLI values in the delta and theta bands. How-
ever, in the lower alpha and beta bands, the difference was a 
consistently lower wPLI in BECTS. Likewise, the network to-

pology measures (e.g., CPL) differed only in the lower alpha 
band. Activities up to 100 Hz can be measured using an EEG 
device with a sampling rate of 200 Hz, which allows a wide 
range of EEG activities to be recorded. It is crucial to select 
the appropriate frequency band for analysis.15 Notwith-
standing the rare conditions where broadband analysis is 
helpful, band-specific analysis produces different findings ac-
cording to the specific bands analyzed.39-41 Most reports have 
been on connectivity changes in theta, alpha, and beta bands, 
with only rare reports on the delta band. The specific band to 
be selected can be recommended based on PSD graphs.15 It 
is reasonable to select the band of activity that is the most 
prominent in the EEG epochs. The PSD graphs of the pa-
tients and controls in the present study indicated that the ac-
tivity was most prominent in the lower alpha band, and sig-
nificant differences were identified between connectivity in 
the lower alpha and beta bands. This study provides further 
support for selecting the alpha and beta bands when ana-
lyzing pediatric epilepsy or pediatric EEG for connectivity 
analysis. It is also advisable to utilize the wPLI values in the 
alpha and beta bands for the further analysis of serial EEG 
connectivity in order to reveal changes following the disease 
course, and adding this marker for clinical decision-making.

Using routine EEG as a substrate for analysis
Unlike other studies that made EEG recordings separately 
in different research settings, we used EEGs obtained in the 
EEG laboratory of a single hospital. A major hurdle for EEG 
analysis is minimizing artifacts and ensuring that the system 
is in the resting state.15,42 Performing EEG separately in a re-
search setting might be less difficult for adult subjects. How-
ever, performing research in children is more difficult, and 
recruiting healthy controls is a significant obstacle to the suc-
cess of any research. Individual artifacts can be removed us-
ing various methods, but there is always concern that the re-
moval of an artifact could distort the original signal.43 By 
carefully selecting epochs with a stable resting state and avoid-
ing artifacts in the analysis as much as possible, it should be 
possible to apply EEG resting-state connectivity analysis to 
routinely obtained clinical EEGs. 

Limitations
As with all other association measures of EEG, the wPLI only 
represents and provides some of the information contained 
in an EEG signal. Each measure has its own limitations and 
strengths, and so it is necessary to combine different measures 
in order to collect as much information as possible when ana-
lyzing network connectivity and the network topology. Some 
of the present patients were given chloral hydrate for seda-
tion, which could have affected the obtained results. This 
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should be verified by further studies that do not involve se-
dation. We recruited disease-free controls rather than eval-
uating strictly normal controls. Recruiting normal controls 
separately and performing specific tests to recruit healthy 
controls could solve this potential limitation. The inability to 
link the findings in this study to the pathophysiology of BECTS 
or clinical significant findings is another limitation that should 
be resolved by further research, such as serial EEG connectivi-
ty analysis, combining the laterality of spikes, and neuropsy-
chological testing to check cognitive functioning.

In conclusion, the EEG resting-state connectivity construct-
ed using wPLI in BECTS patients differed from that in con-
trols. Certain connections in the lower alpha and beta bands 
were consistently decreased. Global connectivity was decreased 
in the lower alpha band. The global network topology showed 
less integrated and less efficient connections in BECTS pa-
tients compared to in the controls. Even though the waking 
EEG without centrotemporal spikes had no abnormalities, it 
showed connectivity aberrations that were not recognized in 
the routine EEG analysis. This difference in resting-state con-
nectivity could be a candidate electrophysiological biomark-
er along with centrotemporal spikes.
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