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Abstract

Background: The aim of the present work is to investigate the relationship between spontaneous electroencephalograph-
ic (EEG) brain activity at 8-13 Hz frequency (Berger’s rhythm) and thalamus activation. The leading theory of how Berger’s
rhythm is generated suggests a thalamo-occipital circuit, but there is still much uncertainty as to the role of the thalamus.

Material and methods: We used a Siemens Magnetom 3T Trio scanner and a 64-channel NeuroScan SynAmps2 EEG system
to examine 36 healthy young male adults. The study paradigm consisted of 30-s blocks with eyes closed alternated with 30-s
blocks with eyes open, both repeated six times. The EEG data was preprocessed as follows: 1) fMRI gradient artifact removal;
2) BCG reduction; 3) 1-20 Hz band-pass filtration. Alpha rhythm segments were marked in the preprocessed data. fMRI data
was preprocessed using typical procedures (motion correction, normalization, smoothing), and then a general linear mod-
el (GLM) analysis was performed using alpha segments derived from the EEG as events. A modified hemodynamic response
function suitable for examining thalamus physiology was applied.

Results: EEG data produced a typical spatial distribution of the alpha rhythm, mostly elicited in the parieto-occipital elec-
trodes. Group-level analysis of the fMRI data failed to reveal any activation in the thalamus. However, further investigation
revealed three subgroups of patients: 1) those who had a signal decrease in the left medial dorsal nucleus; 2) those with posi-
tive activation of thalamic structures; and 3) those where no activation was detected in the thalamus.

Conclusions: The thalamus might be involved differently in alpha rhythm generation from one subject to another. The ob-
served intersubject variability might be caused by physiological mechanisms underlying Berger’s rhythm.
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COMPROBACION DE VARIACION INTERINDIVIDUAL DE LA ACTIVIDAD
DE TALAMO DURANTE LA GENERACION DEL RITMO DE BERGER (RITMO ALFA)

Resumen

Introduccion: El objetivo del presente estudio ha sido examinar la asociacion entre la actividad eléctrica espontanea del cere-
bro, visualizada a través de la técnica EEG para la frecuencia de 8-13 Hz (el llamado ritmo de Berger), y la activacion del ta-
lamo. La teoria mas popular referente a la generacién del ritmo de Berger sugiere su origen en la region del lazo tdlamo - y el
l6bulo occipital, pero en la literatura hay grandes discrepancias en cuanto al papel del tdlamo en este proceso.

Materiales y métodos: Para las pruebas se ha utilizado el escaner Siemens Magnetom Trio del campo de induccion 3T y el sis-
tema de 64 canales SynAMps 2 de la marca Neuroscan. En el estudio participaron 36 hombres jovenes sanos. El régimen de
pruebas consistio en bloques alternos, cuando la persona puesta a la prueba tuvo que tener los ojos cerrados o abiertos (un
total de 12 bloques). El procesamiento de datos de EEG comprendia los siguientes pasos: 1) eliminacion del artefacto causado
por la accion de las bobinas de gradiente a consecuencia de la prueba fMRI, 2) reduccion de artefacto BCG, 3) filtracién paso
banda para las frecuencias de 1 a 20 Hz. Los segmentos que abarcaban el ritmo alfa han sido marcados en los datos tras la fil-
tracion. Los datos fMRI han sido procesados de acuerdo con el procedimiento generalmente aceptado (correccién de movi-
miento, normalizacion y suavizado). El andlisis con la aplicacion del modelo lineal general (en inglés: general linear model -
GLM) ha sido realizado en base a los segmentos del ritmo alfa obtenidos del registro de EEG. Al modelar se utiliz6 la funcion
de respuesta hemodindmica ajustada a la fisiologia del talamo.

Resultados: En base a los datos EEG se ha obtenido una distribucién espacial del ritmo alfa tipica, con la amplitud mas alta
observada en los electrodos en el 16bulo parietal y occipital. El analisis en grupo de los datos de fMRI no ha mostrado nin-
guna actividad relevante en la zona del talamo. Sin embargo, una verificacion en detalle de los datos ha permitido identificar
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tres subgrupos: 1) con la sefial reducida en el nucleo ventromedial en el lado izquierdo 2) con una sefial de mayor intensidad
en la zona de cada una de las estructuras del tdlamo 3) sin cambios visibles de la sefial en el tadlamo.

Conclusiones: En base a los resultados obtenidos, se puede observar que el tilamo puede ser involucrado de varias maneras
en la generacion del ritmo alfa. La variacion interindividual puede ser provocada por los mecanismos fisiologicos relaciona-
dos con el ritmo de Berger.

BEPUOUKAIINA MEX-MHOMBUIYATTbHOV BAPMABEJIbBHOCTU
AKTMBHOCTU TAJTAMYCA BO BPEMA T’EHEPAIIVIVI PUTMA BEPT'EPA
(ATb®A-PUTMA)

N3noxxenune

BBepnenne: 1lenbio HacTos1el paboThI SB/IsIACH IIPOBEPKa CBA3M MEX/Y CIIOHTAHHON 9/IeKTPUYECKON aKTVBHOCTHIO
MO3ra, MOKa3aHHON C MoMOoLIbI0 TeXHUKM DT i gactorsl 8-13 Iy (T.H. put™ Beprepa) m akTuBanmeit Tagamyca.
Hawnbormee pacnpocTpaHeHHasi TeOpUs, OTHOCSIIANACA K TeHepauuy putMa Beprepa, mpefnonaraet ero NICTOYHMK B 3a-
THUIOYHO-TA/IAMIYECKOIT HEeT/IN, HO B JIUTEPAType CYIIECTBYIOT GO/bIIINE PAa3HOIIACUSA OTHOCUTEIBHO POIU TalaMy-
ca B 9TOM IIpoIiecce.

Marepuan 1 MeToabI: B nccnenoBanuaAx UCIoAb30BaH ckaHep Siemens Magnetom Trio ¢ ungykuyonseiM nosne 3T u
64-xaHanmpHas cucteMa SynAmps2 dbupmsr Neuroscan. B uccimenoBannu B3sto ydactue 36 3[OPOBBIX MOIOABIX MY>K-
4yyH. VlccmemoBartenbcKas cXeMa COCTOSIIA U3 YePeAYIOIUXCA 67I0KOB, PV KOTOPBIX MCCIEHYeMBblil YeJIOBEK JODKEeH
ObUI MMeTDb 3aKpbIThIe VI OTKPBITHIE I71a3a (Bcero 12 6mokoB). O6paboTka gaHHBIX IO BKIIIOYaIa B cebs Claenyromye
mary: 1) ynanenue apredaxra, BBI3BaHHOTO JIefICTBMEM I'PaJVIeHTHBIX KaHAJIOB B pe3ynbTare uccaegosanns pMPT, 2)
penykuus apredakra BCG, 3) monocno-nponycksas gpunbrpanua mnsa yactot 1-20 Ihr. CerMeHTdI, BK/IIOYAOIINE a/Thb-
¢da-pur™m 66U 0603HaUEHBI HA JaHHBIX nocie puaprpanuu. Janusie MPT 6butn 06paboTaHbl COIMACHO 00LIEIPH-
HATOM Ipolenype (KOppeKIVsA ABYDKEHNA, HOPMaaM3alys, BBIITIAKMBaHNUe). AHA/IN3 C VICIIONb30BAHMEM OCHOBHOII
nuHeitHoit Mogenu (aHr. generallinear model - GLM) 6b11 mpon3BeieH Ha OCHOBaHMM CETMEHTOB alb(a-puTMa, MOIy-
4yeHHbIX 13 3amucu IOI. IIpu MopenupoBanuy 6bIIa UCIOMb30BaHA (GPYHKLMA FeMOAHAMIYECKOTO OTBETa, IPUCIIO-
CO6/IeHHOTO K (DU3MOIOTUY TalaMyca.

Pesynprarer: Ha ocHoBanuy ganHbix 9T 6blIa MOTy4eHa TUINYeCKasd IPOCTPAaHCTBEHHAA AUCTpUOYL A anbda-puT-
Ma, C HaMBBICIIEl aMIUIMTY/0i, Ha0/II0jaeMOii B TeMEHHO-3aTbI/IOYHBIX/TIeKTpofax. [pynmnoBoit anamms faHHbIX GMPT
He II0Ka3aJ/l HMKAKOII CYIeCTBEHHOJ aKTUBHOCTH B 06acTu Tamamyca. OgHako moppo6Has Bepudukanys JaHHbIX 110-
3BOJIM/IA OIIPENE/UTD TPYU MOATPYIIBL: 1) CO CHIDKEHHBIM CUTHA/IOM B BEHTPOMEANATBHOM sJipe C I€BOJ CTOPOHBI, 2) €
TIOBBILIEHBIM CUTHA/IOM B 00/TaCTH OT/IE/IbHBIX CTPYKTYP Ta/laMyca, 3) 6e3 3aMeTHBIX M3MEHEHIII CUTHA/Ia B TalaMyce.

Mrorn: Ha ocHOBaHMM MO/TyYeHHBIX PE3Y/IbTATOB MOXKHO CIe/IaTh BBIBOJ, YTO TAJlaMyC MOXKET OBITh I10-pasHOMY 3a-
IeiicTBOBaH B reHepanuy anbda-purMa. ITouBoit HabmofaeMoi MeX-MHAUBUAYAIbHO BapnabeTbHOCTI MOTYT ObITh
¢usmonornyeckue MexaHU3MbI, CBsI3aHHbIE C pUTMOM Beprepa.

WERYFIKACJA ZMIENNOSCI MIEDZYOSOBNICZE] AKTYWNOSCI WZGORZA
PODCZAS GENERACJI RYTMU BERGERA (RYTMU ALFA)

Streszczenie

Wprowadzenie: Celem niniejszej pracy bylo sprawdzenie zwigzku miedzy spontaniczng aktywno$cia elektryczna
mozgu uwidoczniong technika EEG dla czestotliwo$ci 8-13 Hz (tzw. rytm Bergera) a aktywacja wzgdrza. Najbardziej
rozpowszechniona teoria dotyczaca generacji rytmu Bergera sugeruje jego zrédlo w petli wzgdrzowo-potylicznej, ale
w pi$miennictwie wystepuja duze rozbieznosci co do roli wzgdérza w tym procesie.

Material i metody: Do badan wykorzystano skaner Siemens Magnetom Trio o polu indukcji 3T oraz 64-kanalowy system
SynAmps2 firmy Neuroscan. W badaniu uczestniczylo 36 zdrowych mlodych mezczyzn. Schemat badawczy sktadat si¢
z naprzemiennych blokéw, gdzie osoba badana miata mie¢ zamknigte badz otwarte oczy (lacznie 12 blokéw). Przetwarzanie
danych EEG obejmowato kroki: 1) usunigcie artefaktu wywotanego dziataniem cewek gradientowych w wyniku badania
fMRI, 2) redukcja artefaktu BCG, 3) filtracja pasmowo-przepustowa dla czestotliwosci 1-20 Hz. Segmenty obejmujace
rytm alfa zostaly oznaczone na danych po filtracji. Dane fMRI zostaly przetworzone zgodnie z powszechnie przyjeta
procedura (korekcja ruchu, normalizacja, wygladzenie). Analiza z wykorzystaniem generalnego modelu liniowego (ang.
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general linear model - GLM) zostala wykonana na podstawie segmentéw rytmu alfa otrzymanych z zapisu EEG. Przy
modelowaniu zastosowano funkcje odpowiedzi hemodynamicznej dopasowana do fizjologii wzgdrza.

Wyniki: W oparciu o dane EEG uzyskano typowa dystrybucje przestrzenng rytmu alfa, z najwyzsza amplituda obserwowana
w elektrodach ciemieniowo-potylicznych. Analiza grupowa danych fMRI nie wykazala zadnej istotnej aktywnoéci w obrebie
wzgorza. Jednakze szczegélowa weryfikacja danych pozwolita okresli¢ trzy podgrupy: 1) z obnizonym sygnalem w jadrze
brzuszno-przysrodkowym po lewej stronie, 2) z podwyzszonym sygnalem w obrebie poszczegdlnych struktur wzgorza,

3) bez zauwazalnych zmian sygnatu we wzgérzu.

Wnhioski: Na podstawie uzyskanych wynikéw mozna zauwazy¢, ze wzgdrze moze by¢ w rézny sposob zaangazowane
w generacje rytmu alfa. Podlozem obserwowanej zmiennosci migedzyosobniczej moga by¢ mechanizmy fizjologiczne

zwigzane z rytmem Bergera.

Background

Berger’s rhythm is a posterior alpha rhythm (8-13 Hz),
generated when a person is awake with eyes closed and
suppressed by opening the eyes, sleep, or mental effort [1,2]
(see paragraph 3 of the Discussion for definition of terms).
The phenomenon has been extensively studied in animals
and humans [3-10]. Previous studies using quantitative
EEG signal analysis have shown abnormalities in the pos-
terior alpha rhythm in many neurological and neurodevel-
opmental disorders, such as Alzheimer’s disease [11], mild
cognitive impairment [12], migraine [13], autism spec-
trum disorders [14], and dyslexia [15]. The alpha rhythm
has also been recognized as the dominant brain activity
in coma [2]. Despite its clinical relevance, however, the
functions of the alpha rhythm have not been fully recog-
nized. For many years neural activity in the alpha range
has been thought to represent an idling process in the vis-
ual system [16]. In support of this, many EEG studies have
found a decrease in alpha power over occipital sites during
visual stimulation [1,17]. More recently, decreased pow-
er in posterior alpha oscillations has been considered to
represent increased attention [18]. At the same time, an
increase of alpha rhythm amplitude is believed to reflect
general inhibitory mechanisms [19].

The brain source of the alpha rhythm is still not clear [20].
Early animal studies have shown that the alpha rhythm
is generated by reciprocal circuits between thalamic and
cortical regions [6,9]. Other animal trials have indicated
the occipital cortex and the visual thalamus (lateral genic-
ulate bodies and pulvinar) as the principal generators of
alpha oscillations [3,4,10]. The thalamus is, however, dif-
ficult to assess non-invasively with EEG alone due to the
very low sensitivity of the technique to signal generators
located in subcortical brain structures.

Recently, simultaneous recording of the EEG and the fMRI
signals has been applied to examine the alpha rhythm
and its neuronal correlates in humans. Nevertheless, re-
cent studies have not provided conclusive results on the
generation of Berger’s alpha rhythm, especially concern-
ing the thalamus. The first study to use this neuroimag-
ing technique showed an increased alpha power accom-
panied with increased responses in the thalamus, among
other cortical activations [21]. Further research, howev-
er, has provided varied results on the direction of corre-
lation (positive, negative, or none) between the posterior
alpha rhythm in EEG and the BOLD signal in the thal-
amus [22-31]. One possible cause of these discrepancies

might be the simplified assumption of a standard hemo-
dynamic response function (HRF), with minimal variabil-
ity across brain regions. A number of studies have shown
that this assumption is often violated and the shape of
the HRF might differ in various brain regions within the
same subject [28]. The general purpose of this study was
to verify involvement of the thalamus in the generation
of Berger’s rhythm using simultaneous EEG-fMRI regis-
tration. In order to overcome the described limitations, a
modified hemodynamic response function has been used
to model thalamic responses [28].

Material and Methods

Subjects

Thirty-six young male adults (mean age=26 years 8 months
+3 years 11 months) were recruited for the study. This spe-
cific population was selected to limit the effect of factors
such as gender and age on thalamic activation during Berg-
er’s alpha rhythm generation [32]. Participants had no his-
tory of neuropsychiatric disorders or head injury. Subjects
provided written informed consent to participate in the
trial. The project was approved by the Ethics Committee
of the Institute of Physiology and Pathology of Hearing
and conformed to the Declaration of Helsinki for Medi-
cal Research Involving Human Subjects.

Experimental design

Prior to EEG-fMRI registration all subjects were familiar-
ized with the MR scanner environment in order to make
them feel comfortable and relaxed during the experiment.
NordicNeuroLab goggles and headphones were used for
visual and auditory stimulation. An EEG study procedure
aimed at eliciting Berger’s effect was adapted to fMRI re-
quirements. Subjects were instructed to rest wakefully
while alternately keeping eyes closed or open (30 s for
each block). They were presented with a grey screen with
a black cross in the middle (‘eyes open’ block) and were
asked to close their eyes when the screen changed to black
(‘eyes closed’ block). A sound (500 ms pure tone of 500
Hz at 80 dB SPL) indicated that the subjects should open
their eyes again. The whole procedure was repeated 6 times
and involved 12 blocks (6 minutes in total).

EEG recording

EEG recordings were obtained using the Neuroscan Syn-
Amps?2 system with a 64-electrode (10/10 system) Maglink
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Subgroup B 15

Figure 1. The fMRI results for two subgroups (A — nega-
tive; and B — positive correlations) using thalamus adjust-
ed HRF (alpha vs. eyes closed t-contrast, p<0.001, cluster
size »>126). The mask encompassing thalamus and cau-
date nucleus (shown in the top of the figure) was used
for computations

cap. The impedance of the skin-to-sintered Ag/AgCl elec-
trodes was kept below 15 kQ for all electrodes. The sig-
nal was registered continuously at a 10 kHz sampling rate.
Clock synchronization between the MR scanner hardware
and the EEG system was assured by a NeuroScan MRI/
EEG clock synchronization unit.

fMRI image acquisition

FMRI data were acquired continuously during EEG re-
cording in a 3T scanner (Siemens Magnetom Trio TIM).
A standard 12-channel matrix head coil was used for RF
signal reception. fMRI data were obtained using a T2*-
weighted gradient echo-planar imaging (EPI) sequence
(TR 3000 ms, TE 30 ms, FA 90°, image matrix 96x96,
plane FOV 192x192 mm, iPAT=2) with 42 ascending slices
(slice thickness 3 mm, no gap) parallel to the axial plane.
There were 120 volumes (plus 3 extra dummy scans for
steady-state magnetization) collected in the total scanning
time of 6 min 11 s.

EEG signal analysis

First, electric artifacts induced by the MRI scanner gra-
dient coils were removed from the EEG signal using av-
erage artifact subtraction (Compumedics SCAN 4.5 soft-
ware) [33]. Balistocardiogram (BCG) artifacts were then
removed from the EEG signal. We used a correlation-based
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Figure 2. Canonical HRF function (red) and HRF function
adjusted to thalamus specificity (blue) as suggested by
de Munck et al. [28]

algorithm implemented in BESA 6 software to find most
of the R peaks of the QRS complex detected at the ECG
electrode. The artifact filtration method was the same as in
our previous work [34]. Finally, the EEG signal was filtered
using a band-pass filter (finite impulse response [FIR] with
zero phase shift, cut-off frequencies of 1-20 Hz, 12 dB/oct
slope) and re-referenced to a common reference. In addi-
tion, the data was resampled at 100 Hz. Alpha bursts were
detected using a cross-correlation approach, with corre-
lation coefficients between the EEG signal and the prede-
fined alpha-burst template calculated for each subject and
each electrode independently.

fMRI signal analysis

The fMRI signal analysis was performed using statistical
parametric mapping software (SPM8, Wellcome Trust Cen-
tre for Neuroimaging, London, UK) in a MATLAB envi-
ronment. The data were slice-time corrected, realigned,
normalized to a common brain space (Montreal Neu-
rological Institute template using ICBM152 EPI image),
and spatially smoothed with an 8-mm FWHM Gaussi-
an kernel. A GLM was created using a block-design par-
adigm. The model was extended with event-related re-
sponses using alpha bursts obtained from the EEG signal
as events. Alpha bursts were modeled with a stimulus du-
ration equal to 0 (stick-function) [35] and convolved with
a double-gamma function (hemodynamic response func-
tion, HRF) to obtain the final regressor. To investigate sub-
cortical (thalamus) activations, a trimmed HRF function
was used as proposed by de Munck et al. [28]. We used a
common inclusive mask for thalamic and caudate struc-
tures (as shown in the top of Figure 1). Cortical structures
were masked out because a HRF adjusted to BOLD sig-
nal parameters of the thalamus has been shown unsuita-
ble to assess cortical response patterns [28,36]. The delay
of the HRF undershoot was shifted from 16 s to 13 s and
the ratio of response to undershoot was changed from 6:
1 to 2: 1. The modified HRF is compared with the stand-
ard HRF in Figure 2.
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Figure 3. The scalp distribution of the average amplitude
in alpha band across subjects. The map was obtained us-
ing Fast Fourier Transformation in 180 s window (i.e. all
eyes closed blocks)
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Results

The eyes closed-related alpha rhythm associated with Berg-
er’s effect had a typical scalp distribution with the highest
amplitudes detected in the occipital cortex and the fron-
tal pole (Figure 3). Whole-group fMRI analysis revealed
no significant activation in the thalamus (n=36). Howev-
er, three patterns of thalamic activity were distinguished
across individuals: (a) a negative correlation between al-
pha bursting activity and BOLD signal in the left medial
dorsal nucleus (subgroup A, n=9); (b) positive BOLD-al-
pha burst correlation in the right medial dorsal nucleus,
right caudate body, and pulvinar (subgroup B, n=_8); and
(c) no correlation between alpha bursting activity and
BOLD signal in the thalamus (n=19). Statistically signifi-
cant outcomes in subgroup A and subgroup B (p<0.001),
as well as the subcortical mask, are presented in Figure 1.

Discussion

In the present EEG-fMRI study we found diverse patterns
of correlations of thalamic activation with the alpha burst-
ing activity (associated with Berger’s effect). The EEG data
confirmed the usual scalp distribution of the alpha rhythm,
manifesting mainly in posterior areas of the brain. At the
same time, we showed that the thalamus is not necessar-
ily involved in the generation of the alpha rhythm, con-
tradicting the leading theory on the source of the Berger’s
effect-related alpha rhythm activity [6,9]. Using GLM mod-
eling with a trimmed thalamus-adjusted HRE, we showed
thalamic activity in the medial dorsal nuclei in only about
half of the subjects, and in those cases they had different
directions of correlation between the alpha rhythm and
the registered BOLD signal (Figure 1). The other half of
participants had no thalamic responses at all. This indi-
cates that the neuronal sources of Berger’s alpha rhythm
might actually be only cortical, an assumption which re-
quires further investigation.

Previous neuroimaging studies [22-31] have generally
been consistent in terms of correlation of Berger’s alpha
rhythm with response patterns in cortical regions (the
thalamo-occipital circuit [5]), but not in the thalamus. At
the same time, electrophysiological evidence from isolat-
ed cerebral cortex cells in dogs found that cortical circuits
were capable of generating alpha waves independent of the
thalamus [5,37], with human studies showing the occipi-
tal alpha rhythm still present after bilateral lesions in the
thalamus [38]. Furthermore, other animal trials have in-
dicated that the alpha rhythm might actually be aligned
with a more distributed brain network beyond the exten-
sively described thalamo-occipital circuit [7,8].

A considerable inconsistency in naming of the alpha
rhythm renders the interpretation of results obtained across
different labs challenging [39]. The term ‘alpha rhythm’ re-
fers mainly to the posterior cerebral activity but can also in-
dicate alpha band oscillations in other regions of the brain.
Some researchers use other terms for the rhythmic neu-
ronal activation during eyes closed which is suppressed by
eyes opening, i.e. Berger’s effect, such as ‘alpha waves” and
‘alpha band’ [26]. Furthermore, there is a large number of
papers exploring the alpha rhythm during resting state ex-
periments without Berger’s effect verification [23,40], which
leads to divergent interpretations of the psycho-physiolog-
ical role of the alpha activity [19]. Lately, Ben-Simon et al.
[40] have shown two different brain networks involved
in the generation of spontaneous and induced oscillatory
(Berger’s effect-related) alpha rhythm. The first mechanism
can be related to the inhibitory role of the alpha rhythm
with thalamus as the major generator, whereas elicited al-
pha activity could reflect the resting state in which tha-
lamic activity is not essential (as it is expected in some re-
cent works [41,42]). The latter could explain the relatively
high variability among participants of the current study, in
terms of the involvement of the thalamus.

There are certain limitations to our study. We cannot ex-
clude that the findings of the current trial might be related
to a still insufficient model of thalamic hemodynamic ac-
tivity. It is possible that differences in the direction of the
alpha bursting activity and the thalamus correlation (pos-
itive or negative), shown by many authors and also in our
study, result from intersubject variability in the hemody-
namic response function [43]. It seems that even a minor
shift in the GLM, relative to the real data, can change the
results from a positive to a negative correlation or even
produce statistically insignificant differences. This is due
to the fact that the undershoot of the HRF of the thalamus
is larger than in the canonical (cortical) HRF that can be
seen in Figure 2. At the same time, however, the signifi-
cant advantage of our study is a relatively large (n=36) and
homogenous (young males) group of participants. Since
previous studies have demonstrated gender and age dif-
ferences in the alpha rhythm [32], we aimed to exclude
these potential confounding effects. Moreover, most au-
thors report corresponding EEG-fMRI results obtained in
fewer participants (n<15) than in our study (e.g. [23,40]),
which we claim is not particularly suitable for examining
the variability of the results in detail (27].
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Conclusions
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On the basis of the existing literature and our own EEG-
fMRI results, we can conclude that the thalamus might be
differently involved in the alpha rhythm generation and
not critically important in this process. Hence, the ob-
served intersubject variability might be caused by differ-
ent physiological mechanisms underlying Berger’s rhythm.
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