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Short-lasting psycho-physiological relaxation was investigated tbugh an analysis of its bipolar electroencephalographic (EEG)
characteristics. In 8 subjects, 6-channel EEG data of 3-minutduration were recorded during 88 relaxation sessions. Time coursaf
spectral EEG features was examined. Alpha powers were decrdag during resting conditions of 3-minute sessions in lying position
with eyes closed. This was followed by a decrease of total power inrteo-parietal cortex regions and an increase of beta power in
fronto-central areas. Represented by EEG coherences the ithemispheric communication between the parieto-occipital regios
was enhanced within a frequency range of 2-10 Hz. In order to disrn between higher and lower levels of relaxation distinguished
according to self-rated satisfaction, EEG features were assextand discriminating parameters were identified. Successful relax
ation was determined mainly by the presence of decreased delta-bywer across the cortex. Potential applications for these findings
include the clinical, pharmacological, and stress management fields.
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1. INTRODUCTION meditation and during or after such a state. However, here

HE RELAXATION response is an integrated body reactidj€ focused on a gradual change of the physiological state.
Tthat reflects the voluntary resting state of both the bodf§'ious types of meditation are known to induce a relaxed
and the mind. The characterization of the changes in brain S&t€ b: 6, 1]. Usually, with increased level of meditation,
tivity during the resting state is relevant to many fieldsjud- & d€€per state of relaxation can be established. This finding
ing stress reduction, sleep deprivation, and the testipipaf- 'S SUPPOrted in parallel by subjective observations andsphy
macological substances related to drugs with hypnotic dRipdical parameters (e.g., respiratory rate, skin cotahae,
sedative effects. Relaxation response influences mendal §id Production of plasma lactatd)[ _ o
physical health and has an important role in moderating tenifowever, the evidence presented in the literature is incon-
sion and psychosocial stress. In a broader sense, strass i§igtent regarding the characterization of relaxationgisire-
knowledged as one of the major problems of modern socigiific EEG features. The increased power of the alpha and theta
Regular relaxation practice can affect the various physiol requenciesy, 7, 8, 3, 9] and interhemispheric synchroniza-
ical and psychological parameters involved in aging, digdion, especially frontal alpha coherendg, [are usually con-
tion, general well-being, and psycho-somatic diseaseseorﬁ'd_ered to be neurophysiological indicators of a state of se
quently, there is a growing need to monitor the physioldgicgrimotor and mental rest.
processes associated with relaxation and stress response. [N our previous study, we observed an increase in the al-

The term "relaxation” conveys positive and beneficii@ and theta powers and an enhanced frontal alpha coherence
phenomena. However, it is difficult to define psychd10l a_ft_er two months of audm—wsual stlmulgtmn training (25
physiological relaxation in terms of specific physiologjpa- "€Petitions of 30-minute intervals of relaxatio)].
rameters. According to Travid], five categories of physio- The aim of the present study was to directly examine the
logical variables have the potential to discern betweettethe SPectral EEG characteristics during a 3-minute intervalevh
els of relaxation, including breath and heart rates, as agellthe subjects were in a resting state. In particular, two sequ
skin conductance. Similar parameters for the charactésira tial tasks were addressed: 1) the detection of changes @ spe
of stress levels were reported by Vavrinsij.[Physiologi- tral EEG measures during 3-minute general sensorimotor re-
cal indicators of the relaxation response introduced irtdfoslaxation and 2) the selection of EEG features that are able
[3] include decreased oxygen consumption, respiration, dAdlistinguish between self-rated successful relaxatimire-
heart rate, in addition to increased alpha brain wave prodig*ation which was subjectively perceived as less efficient
tion. According to Ossebaard][ relaxation is comprised of
biological, psychological, and social components.

Another useful source of information on relaxation is re- )
search on meditation. In fact there are no issues focused4it- EEG recording
rectly on EEG dynamics during relaxation induction in the liEight right-handed, healthy subjects (3 females and 5 males
erature. Differences between two distinct states or cammit mean age 27 years, SD 7 years) volunteered for the experi-
are usually investigated, e.g., before the state of reélaxar ment. The subjects were instructed to lie down comfortably

2. MATERIAL AND METHODS
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overlap. All of the calculations were carried out in the Mat-
lab environment (by Mathworks, version R2008b) with the
use of thepwelch andcpsd functions. The powers were an-
alyzed in 6 cortical locations and were obtained by the off-
line data transformation into bipolar mode as described@bo
The coherences were investigated between 11 differerg pair
(F3C3-F4C4, etc.) of the 6 scalp regions. Combinations with
common electrodes (e.g., F3C3-C3P3) were not considered in
order to avoid spurious results caused by contribution ef th
common electrode into both signals.

Each subject participated in 24 recording sessions and at-
Fig. 1: The EEG montage used in this study is shown. The actlt\?en(lzdoc:/rg?/ ;)nze_ ;iiifggﬁg;vorlsr?gr ?gyb;rzﬁis:tti?)r\:veéSeigl
electrodes were placed at the F3, F4, C3, C4, P3, P4, O1, and . ) . ’
locations with the reference and ground electrodes at the Cz and Ject Comple'ted an entrance form. assessing gengrdh healt
points, respectively. status, medication, involvement, motivations and expiecta

of the experiment. One of the eight participants reportéat pr
on their backs, keeping their eyes closed and relax both-phgsgperience in meditation, yoga or other relaxation teahesq
ically and mentally. No further instructions or techniqueres Before each session, participants filled out a one-page-stru
provided regarding how to establish a relaxing state. The @xred form where their actual overall status was reporteal in
periment was conducted in a darkened, electrically shielderm of health, emotional and mental components. Also their
room. The subjects placed in these conditions were expedqigstication and caffeine or nicotine intake was questioned.
to realize a state of sensory, motor, as well as mental rela@ke subjects were asked to rate the progress in relaxation at
ation. tained during the 3-minute resting period after each rengrd

The EEG data for a 3-minute interval were recorded frosession. A seven-point bipolar Likert scale?] was used for
eight scalp positions according to the International 18328 assessment. The relaxation extremes rated by the scakzrang
tem: F3, F4, C3, C4, P3, P4, O1, and O2 (FigliyeThe ref- from "tense or aroused" ( -3) to "relaxed" (+3).
erence electrode was located at Cz and the ground electrode @he time course of the various EEG measures (powers and
Fpz. The Ag/AgCl electrodes were placed on a standard EE@herences) during each 3-minute interval was determined
cap (Electro Cap Inc.). Impedances were kept belt®%and based on the spectra, which were computed in 2-second sub
balanced within kQ. The parameters for our prototype EEGvindows. The resulting curves were fitted using linear re-
recording unit were as follows: amplifying gain: 402; sangression. The magnitude of the time trends was evaluated by
pling frequency: 500 Hz; A/D converter resolution: 14 bits;-test values that were obtained from testing whether the re
input resolution: 0.464V; noise: max 4.1uV pp. (0.07 to gression slope differs from the zero one.

234 Hz); low pass filter: 234 Hz (-3 dB); and high pass filter:
0.07 Hz (-3 dB).

From the 8 signals recorded from active electrodes, six .
bipolar signals (F3-C3, F4-C4, C3-P3, C4-P4, P3-O1, and-- Ceneral relaxation
P4-02) were derived off-line in order to avoid the undedizabn this part we examined all EEG data that were measured,
effects of the common reference electrode. All of the sign&fgardless of subjects’ self-rated satisfaction. 11 actefree
were visually inspected; the sequences containing attedac recordings from each participant were selected. For eaeh me
sleep phenomena were excluded with support of informatigie and cortex location, we had a total of 88 time curves from
from forms filled in by participants. Preprocessing was cortiie 8 subjects. For most of the EEG measures, a linear time
pleted by the application of a digital high pass FIR filtertwat course was observed during the 3-minute recording period. |

cut-off frequency of 0.5 Hz and a 3000-point Blackman wirrder to identify the prominent EEG features that character
dow. ize the relaxation process, we focused on the strongest time

trends. All time trends were quantified by F-test values de-
rived from evaluation of differences of the regression ekp
2.2. Measures from the zero slope. The F-values were modified with ad-
We analyzed the total power, relative power, and magnitudiéion of sign designating decreasing (minus) or incregsin
squared coherence in nine frequency bands: delta-1 (0.£pf2s) trends. Modified F values were not distributed nor-
Hz), delta-2 (2-4 Hz), theta-1 (4-6 Hz), theta-2 (6-8 Hzjnally. Therefore, we used nonparametric testing to idgntif
alpha-1 (8-10 Hz), alpha-2 (10-12 Hz), beta-1 (12-16 Hzhanges in the EEG powers during resting conditions. A sign
beta-2 (16-30 Hz), and gamma (30-45 Hz). The total powtest was applied to test whether medians differed from zero.
ranged from 0.5 to 45 Hz. The time courses are illustrated as average time curves
The frequency analysis was calculated using a fast Fouliee88) to highlight the measures of the most significant
transform within a 2-second window with 0.75 seconds ohanges within the sessions. A decrease in total EEG power

3. REsuLTs
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Fig. 2: The total EEG power changes in the C3-P3 location during % =
general relaxation are shown for the 8 subjects. The grand average ol [ pP4-02
time course, which was calculated by averaging the 88 curves from B
each of the recording sessions, is presented. 15l
was observed in the centro-parietal location C3-P3 (Figure
and C4-P4 (p-values 0.02 and 0.05, respectively). 10}
The strongest decrease was related to the alpha-1 wave con
tribution. With the exception of the fronto-central aret® 5r m 1
relative alpha-1 power dropped in all of the locations: 3-P m
C4-P4, P3-01, and P4-02 (all p-values10~°, Figure 3). 0 [
The most significant increase was found for the beta-1 rel- 51 62 61 82 al a2 p1 B2 Y

ative power in the fronto-central F3-C3 (Figu#¢ and F4-
C4 areas (p-values: 10° and 103, respectively). More- _
over, the higher frequency bands, beta-2 and gamma, a|sd:fﬁ._3: Above: The time course for the grand average alpha-1 rel-

f L ) N ative band power in the P4-O2 location during general relaxation.
;;eda(s)ggih?elrsre))e(gie\zlsei/?rl]:ilgr;utrl()e F3-C3 area (p-vaiu6008 Bellow: The grand average relative band powers. The data for the

initial (white) and closing periods (gray and black) are presented for

The most prominent EEG effects were realized within thgs p4.02 cortex location. Significant changes in the alpha-1 band
alpha-1 waves in the P4-O2 area (Fig@Jethe average rela- are highlighted in black.

tive alpha-1 power was diminished by 30 % of its initial value

This measure decreased in 76% of all the single measurement < ;s according to the subjects’ self-ratings of thexrela
sessions. The decrease of the relative alpha-1 power @fteny;,, nrogress. Out of 11 recordings from each subject the
to positive relative increments for all the other bands. ST} ye.0rds with the highest ratings and the 4 records with the
fact is evident in the bar graphs shown in FiguBand4, |, yest ratings of attained relaxation level were chosene Th
which compare the spectra_l band chara(_:terlstlcs Ina fo_rmsgl jects differed in their strategies for the relaxatioreleat-
grand averages from the |n|t|al an_d the final 20-second-|ntﬁ{gsl Some of the subjects reported extreme values (-3 or 3),
vals. of 'tl.qe S-minute recording perlpd. o while some reported only values closer to zero (-1,0,1). The
Significant changes were also identified in the coherenggng gistribution was asymmetrical with the positivengs
data. The interhemispheric communication between & rring more frequently. The mean rating values weres-0.0

parieto-occipital centres was enhanced. This conclus®® W ess successful relaxation and 1.88 for more successful
based on the increase in the P301-P402 coherence in the fQulti

neighbouring power bands, which include the delta-2, theta . ) )
(Figure5), theta-2, and alpha-1 (all p-values0.008). For all of the participants, the linear regression was ea}lcu
lated separately for each of the four recordings given his or

her extreme low or high relaxation self-rating. We focused
3.2. Successful relaxation on a comparison of the two groups according to the following
Our second goal was to determine which of the EEG measuttege parameters derived from the time course of the single
are associated with self-rated successful relaxation.réFheEEG spectral characteristics. Two of them were the initial a
fore, the recordings from the previous section used for-spénal values obtained from linear regression of the time seur
ifying the state of general relaxation were divided here inaccounted for the first and last 6 seconds of the recordiegs, r
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3-minute rest:
theta—1 coherence
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relative beta—1 power
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relative band powers Fig. 5: The time course of grand average for theta-1 coherence be-
% . . L
- tween the P3-O1 and P4-O2 locations during general relaxation is
20 F3-C3 1 shown. The mean time course was calculated by averaging the 88
. B curves from each of the recording sessions.
15 [] . .
in the beta-1 band (between the F4C4 and C3P3 locations,
10 p = 0.017). Different relaxation states displayed also differ-

ent regression slopes according to the modified F-values. Fo
5 m | more successful relaxation, rise of the alpha-2 cohereace b

tween the F3C3 and P301 locatiors < 0.002, Figure6)
and decrease of the coherence in the beta-1 range between the
5132 01 82 ol a2 Pl B2y C3P3 and C4P4 locationg k 0.05) was observed.

4. DiscUSsSION

Fig. 4: Above: The time course for the grand average beta-1 refa-decrease in the total power across the entire cortex dur-
tive band power in the F3-C3 location during general relaxationiitg the relaxation condition implies that, overall, the jgats’
shown. Bellow: The grand average relative band powers are shopiyin activity gradually diminished along the relaxatiap
The initial (vyhite) and c_Iosing periods (gray anc_i bl_a_ck) inthe F3-G3ss. We anticipated an increase in the alpha pov8e7s §];
c_orte_x Iocat!on are depicted. The bands with significant changesgﬁ% surprisingly, we discovered a pronounced and significan
highlighted in black. decrease in alpha-1 power, which was a definite leadingrfact
pha-1 power, which was a definite leadingrfacto
spectively. The slopes were represented by the sign modifiethe observed decline in overall performance (Figg)re
F-values introduced in the previous section. In order to findIn the literature, it is a commonly accepted fact that the
the distinct features of the two relaxation categories, @ nancrease in the alpha waves is associated with rest and-relax
parametric Kruskall-Wallis test was used for the 2 groups @tion [3]. However, this phenomenon may be partly related to
= 32; 4 sessions for each of the 8 subjects). The significamtesing the eyes. Closing the eyes usually initiates resést
threshold wap < 0.05. which can occur for short periods of time, even when the sub-
Deeper relaxation was associated with lower final valugst is sitting or standing. In our study, the relative power
of the slowest spectral components. Lower contribution iife alpha-2 band was increased for all of the cortex regions,
delta-1 waves was present in the following derivations: Faut only during the first 30 seconds. This increase was fol-
C4, C3-P3, and P3-01 (all p-values0.03, Figure$ and7). lowed by a strong decline in the power of the alpha-1 waves
In the three remaining cortex locations, the delta-1 shift ffor the remainder of the 3-minute relaxation period.
successful relaxation was lower as well, however, notsstati However, a decrease in the relative alpha power did not
tically significant. Already at the beginning of the relarat guarantee that successful relaxation was achieved. &eld-r
sessions, the beta-2 power in the P3-O1 location was higbatisfaction with a relaxation state correlated with the de
for the more successful relaxation sessions than for the leseased expression of the delta-1 relative power.
successful relaxation sessioms< 0.04). Indicators of enhanced relaxation in a form of lower contri-
For certain coherences, lower final values were obtainedlntion of the slowest waves remove any speculations abeut th
terhemispherically. Specifically, decrement was foundtier correlation of the observed relaxation states with periwitts
better relaxation in case of the alpha-1 coherence (betwegantual occurrence of sleep onset. Sleeping states are cha
the C3P3 and P402 locationg,< 0.04) and the coherenceacterized instead by the increased occurrence of deltasvave
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Fig. 7. A comparison of the grand average relative band powers
at the end of the 3-minute relaxation period in the P3-O1 location
are shown. Less successful relaxation (white) and more suctessfu

0.34F o I p F3-C3/P3-01 | relaxation (grey and black). Black represents statistically significant
N ' : difference.

Less and more successful relaxation:
alpha-2 coherence

cordance with the data from questionnaires in which the par-
ticipants occasionally reported their thought processes-
garding this fact, our aim was not to study relaxation under
restricted conditions; for example, meditation studiesufo

on highly trained subjects. In contrast, our goal was to in-

| vestigate the relaxation processes in normal adult pdpualat

: : L For most individuals, pleasant and beneficial relaxatiam ca
50 100 time [s] 15 involve episodes with relaxed thought processes. Hence, we
instructed the participants to relax generally, which uidiels
physical, mental, and emotional aspects, and we did not pro-

Fig. 6: The difference between less (gray) and more (black) sgecddde any special instructions or methods specifying how to

ful relaxation is illustrated. The grand average of time course féax'

calculated by averaging all of the curves for each of the recordingupon completion of this experiment, half of the partici-
sessions. The difference in the final values for relative delta-1 povgants reported their capacity for relaxation to be improved
in C3-P3 (above) and in the slopes for alpha-2 coherence betwder to repetitive participation in the relaxation experitne
F3-C3 and P3-O1 (bellow) are shown. sessions.

During the general relaxation process we observed an inWWe have introduced a new approach to the investigation of
crease in the coherences between the hemispheres at'@l@xation through time course of EEG features. Furtheemor
parieto-occipital sites in the 2-10 Hz frequency range andvg have confronted general assertions on relaxation wéth th
decrease in some of the beta-1 coherences interhemisplé@mputed spectral EEG characteristics. In this sense,esur r
cally. However, it is not possible to make a clear conclusigtlts contribute to the characterization of relaxatiorcpeses
regarding the ability of coherence to discern between themwith the use of spectral EEG features and might be benefi-
and less successful relaxation states. cial for further research in areas like neurofeedback astd re

This conclusion is in accordance with the findings of GaiRd states analysis. In the case of neurofeedback, therésatu
lord [13]7 who reported that the coherence was h|gher in tﬁ@]nd to be characteristic for the state of relaxation mtght
frontal and central areas only during transcendental redHsed in biofeedback training protocol in order to improve re
tion practice relative to the closed eyes condition, buthuwt laxation induction.
ing progressive muscle relaxation. Moreover, we have shown that with the use of EEG data it

Several of the subjects occasionally reported some formiopossible to discriminate between two relaxation categor
thinking (often related to their work or everyday problemsformed according to the quality of relaxation. We have found
It can be assumed that internal thought would occur regulatthat the focus should be directed to the slowest brain waves.
for most of the participants, regardless of their awareésss important to note that our results may be specific to the con
it, as the subjects had no special training in controllingjrth ditions of our study; therefore, different EEG outcomes may
mental activity during the relaxation. This finding is in acesult from a different set of relaxation conditions. Areth

0.3}

0.26
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factor influencing outcomes of the study might be a choice d6] Banquet, J. (1973). Spectral analysis of the EEG in
unipolar or bipolar EEG due to data processing. meditation. Electroencephal ography and Clinical Neu-

For future studies we suggest simultaneous monitoring of rophysiology 35, 143—-151.
additional physiological variables (e.g., cardiovasgutes- [6] Aftanas, L., Golocheikine, S. (2001). Human anterior
piratory, muscular, skin conductance, and blood parameter and frontal midline theta and lower alpha reflect emo-
responsive to the level of stress) so that the EEG parameters tionally positive state and internalized attention: high-
can be associated with complex physiological responses mor  resolution EEG investigation of meditation.Neuro-
directly. Also a more prolonged relaxation period couldrpe i science Letters 310, 57—60.
vestigated, and subjects’ mental processes could be medito [7] Lindsley, D. (1952).

o . . Psychological phenomena and
by more specific questionnaires.

the electroencephalograralectroencephal ography and
Clinical Neurophysiology 4, 443—-456.
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