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Abstract

Objective The “Triarchic body-pathway relaxation tech-
nique” (TBRT) is a form of ancient Chinese mindfulness-
based meditation professed to give rise to positive
emotions and a specific state of consciousness in which
deep relaxation and internalized attention coexist. The
purpose of this study was to examine the EEG pattern
generated during the practice of this mindfulness exercise,
and compare it to music listening which has been shown to
induce positive emotions.

Methods Nineteen college students (aged 19-22 years)
participated in the study. Each participant listened to both
the TBRT and music audiotapes while EEG was recorded.
The order of presentation was counterbalanced to avoid
order effect. Two EEG indicators were used: (1) alpha
asymmetry index, an indicator for left-sided anterior acti-
vation, as measure of positive emotions, and (2) frontal
midline theta activity, as a measure for internalized
attention.

Results Increased left-sided activation, a pattern associ-
ated with positive emotions, was found during both TBRT
exercise and music conditions. However, only TBRT
exercise was shown to exhibit greater frontal midline theta
power, a pattern associated with internalized attention.
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Conclusions These results provided evidence to support
that the TBRT gives rise to positive emotional experience,
accompanied by focused internalized attention.
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Introduction

The use of meditation practices is becoming more common
among psychologists and medical professionals for helping
their clients to reduce stress and is shown to be effective as
a complementary treatment for many disorders, such as
hypertension, anxiety and insomnia (Jacobs and Friedman
2004; Stetter and Kupper 2002). Meta-analyses of medi-
tation support the idea that meditation is associated with
physiological signs of altered activation of the autonomic
and endocrine systems, evident in, for example, the
increased level of skin resistance and the reduced levels of
heart rate, blood-lactate level, cortisol, and respiration rate
(Benson et al. 1974; Dillbeck and Orme-Johnson 1987;
Infante et al. 2001; Jones 2001). Nevertheless, further
research on the acute central effects of meditation have
suggested that these systemic physiological changes are in
fact secondary to the acute effects of complex mental
processes that involve changes within the central nervous
system (CNS) (Jacob and Friedman 2004).

EEG studies have widely reported increased theta
activity during meditation (Aftanas and Golosheikine 2001,
2002; Jacobs and Lubar 1989). Some have suggested that
the elevated levels of theta activity are associated with
alterations in CNS arousal commonly observed in medi-
tation practitioners (Canteros et al. 2002; Jacobs and
Friedman 2004). Others have found increased frontal
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midline theta power during meditation, and have drawn
parallels between this acute change in the theta band to the
theta EEG pattern in non-meditation-related studies of
sustained attention (Cahn and Polich 2006). Given that
most major meditation traditions involve strategies that
manipulate one’s attentional focus (Dunn et al. 1999), the
increased frontal theta activity found to be associated with
meditation suggests that attention might well be the pri-
mary psychological domain mediated by meditative
practice. In support of it, neuroimaging results have shown
increased cerebral blood flow and significantly increased
activations in the anterior cingulate cortex and dorsolateral
prefrontal areas during meditation (Lazar et al. 2000;
Pizzagalli et al. 2003), indicating that the practice of
meditation activates neural structures involved in attention.
A related cross-sectional study assessing the effect of
Transcendental meditation (TM) have demonstrated
enhanced level of attention in children practicing TM rel-
ative to a cohort of age- and sex-matched controls (Rani
and Rao 1996). Similarly, clinical study of adolescents
with attention-deficit/hyperactivity disorder practicing
yogic concentrative meditation have also reported sub-
stantial improvement in measures of attention after
6 weeks of meditation intervention (Harrison et al. 2004).

Recently, the ancient Chinese “Triarchic body-pathway
relaxation technique” (TBRT) is becoming increasingly
popular among local Chinese in Hong Kong, as a self-
regulatory approach in stress management due to the ease
of its practice. It is a form of ancient Chinese mindfulness
exercise that requires no special training and can be con-
veniently practiced anywhere and anytime in a seated
position. Unlike other mind-body exercise, such as Tai Chi,
Yoga or mindfulness-based stress reduction (MBSR),
which requires the individual to carry out movement rou-
tines, the TBRT guides the practitioner to simply attend to
thoughts and sensations of the three pathways that run
along the front, back and two sides of the body (SanLu or
Triarchic body-pathway). Through this, the practitioner
focuses his/her attention, without judgment, as they tra-
verse along the field of awareness. It is believed that
through regulating the Triarchic body-pathway, the mind
and body can be guided to attain thorough relaxation.
Because of its simplicity, this 15-min meditative practice is
suitable for people from all walks of life, and is particularly
useful for individuals suffering from serious illnesses
which limit their mobility.

Like other mindfulness form of meditation (Astin et al.
2003), the TBRT is believed to be able to elicit a specific
consciousness state in which relaxation and internalized
attention coexist. Indeed, accounts of increased sense of
calmness and enhanced level of clarity were reported
among practitioners of TBRT. However, the neurophysi-
ology of this mindfulness exercise remains elusive. Given

@ Springer

that regulation of attention is central to the TBRT, and that
attention has been shown to be related to frontal theta
activity, it is reasonable to assume that the neurophysio-
logical pattern associated with TBRT should involve
increased theta activity in the frontal attentional system
during this mindfulness practice.

In addition to its effect on attention, some forms of
mindfulness practice such as Sahaja Yoga and MBSR also
profess to induce the feeling of bliss or happiness (Aftanas
and Golosheikine 2005; Davidson et al. 2003), evidenced
by increased positive affect, reduced anxiety, and
decreased negative affect observed amongst practitioners
of mindfulness meditation (Murata et al. 2004; Shapiro
et al. 1998). Electrophysiological studies on affective
processes have widely suggested that different emotions
are associated with different EEG patterns in the frontal
regions of the brain (Ekman et al. 1990; Fox 1991). Spe-
cifically, activation asymmetries in the anterior regions are
reported to differentiate between affective states, of which
positive emotion is observed to be coupled with greater
left-sided activation (Davidson et al. 2003; Urry et al.
2004) while negative emotion is accompanied by greater
right-sided activation (Davidson et al. 1990, 2000b). In
support of it, clinically depressed adults were found to
show greater right-sided anterior activation (Henriques and
Davidson 1990), while enhanced adaptive response to
stressful events and faster recovery from provocation were
noted in individuals with greater left-sided anterior acti-
vation (Davidson 2000; Davidson et al. 2000a). Since the
TBRT is presumed to be a form of mindfulness meditative
exercise that could give rise to positive affect, it is postu-
lated that participants should show increased left-sided
anterior activation during this meditative practice.

Thus, the purpose of this study was to examine how the
TBRT affects the function of the CNS, with specific focus
on the complex mental functions of attention and positive
emotion. Given that attention has been reported to be
related to greater frontal midline theta, and positive emo-
tions to greater left-sided anterior activation, we
hypothesized that this ancient Chinese mindfulness exer-
cise would result in acute EEG changes that would involve
increased frontal midline theta power and increased left-
sided anterior activation compared with the baseline.

To further highlight TBRT’s effect in inducing a specific
consciousness state where both relaxation and internalized
attention coexist, we compared TBRT with music listening.
Classical music has been empirically demonstrated to have
effects on tension reduction and relaxation (Chafin et al.
2004). We expected that while both the TBRT and music
would induce increased left-sided anterior activation sug-
gestive of a relaxation effect, only the TBRT would induce
increased frontal midline theta power which is suggestive
of focused internalized attention.
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Method
Participants

A total of 19 (11 females and 8 males) healthy, right-
handed university students between the ages of 19 and
22 years were recruited to participate in the present study.
The experimental procedure was approved by the Research
Ethics Committee of The Chinese University of Hong
Kong and informed consent was obtained for each partic-
ipant prior to commencement of the study.

Procedure

Participants were tested individually in a sound and light
attenuated room. In addition to the mindfulness-based
TBRT, participants were also asked to listen to a musical
audiotape while EEG was recorded. The audiotape con-
sisted of three taped segments of classical music: “Spring—
Allegro” by Vivaldi, “Barcarolle” from Tales of Hoffman
by Offenbach, and “Canon” by Pachelbel. This selection of
classical music was chosen as a comparison condition to
the mindfulness practice due to its demonstrated effects on
tension reduction (Allen and Blascovich 1994; Chafin et al.
2004; Knight and Rickard 2001), decreased autonomic
activity (Barnason et al. 1995; Grey 2001), and reduced
anxiety (Mornhinweg 1992; Scheufele 2000; Thayer 1996).

Since none of the participants had experienced any form
of mindfulness exercise but were more familiar with the
music chosen for this study, a 5-min sample segment of the
TBRT audiotape was played in the background while the
experimental procedures were explained to the participants,
for the purpose of desensitization to the meditative practice
(Jacobs and Friedman 2004).

After explaining the experimental procedures, partici-
pants were fitted with a Lycra stretchable Electro-cap and
were instructed to sit quietly with their eyes closed
throughout the EEG recording session. EEG was first col-
lected during baseline eyes-closed condition for 5 min
(Time 1), and then for 12 min when the participants lis-
tened to either the music or TBRT audiotape (Time 2).
Both the TBRT and the musical audiotapes were of the
same length (12 min). The sequence of the music/TBRT
conditions was counterbalanced to avoid order effect,
where 10 participants were randomly assigned to undergo
the music condition first followed by TBRT, and nine in
the reverse sequence. Upon completion of the first testing
condition (music/TBRT), participants were given a 5-min
break before proceeding to the other test condition. After
the break, participants were again asked to sit quietly with
their eyes closed and EEG measurement was repeated for
the second baseline (5 min) and treatment (12 min)

conditions. EEG was recorded during the treatment session
instead of after completion of a treatment program
(Davidson et al. 2003), for reason that we intended to
measure acute neurophysiological effects during medita-
tion, rather than the more long-term neurophysiological
changes after a period of meditation practice.

EEG Recording

EEG was recorded using a Lycra stretchable cap with 19
electrodes positioned across the scalp according to the
International 10-20 System (Jasper 1958). The EEG data
collected from the 19 scalp sites was referenced to linked
ears and all electrode impedances were below 10 kQ. The
EEG signal was digitally filtered at 0.5 and 100 Hz and
sampled at 256 samples per second, with a high-frequency
limit pass band of 30 Hz. The data was stored on computer,
and a log book was kept to record any body movements
that would cause disturbances in the EEG signal for off-
line analyses.

Data Analysis

EEG records were displayed on computer and visually
examined for eye movements and muscle artifacts. If
artifact was present on a particular channel, all concurrent
data from the remaining channels were manually removed
prior to analysis. In addition, the first and the last 2 min of
the EEG recordings of the two 12-min treatment (music/
TBRT) conditions were also discarded to alleviate probable
“settling” and “ending” artifact (Jacobs and Friedman
2004). The artifact-free data were then spectrally processed
using the fast Fourier transformation (FFT) to compute
power data for the theta (4-7.5 Hz) and alpha (8-12 Hz)
bands under the 5-min eyes-closed baseline (Time 1) and
the two 8-min treatment conditions (Time 2).

Relative Theta

EEG data recorded from the 19 electrode sites were aver-
aged to obtain grand means for the anterior (FP1, FP2, F3,
F4, F7, F8, Fz, T3, T4, C3, C4, Cz), posterior (T5, T6, P3,
P4, O1, 02, Pz), left (FP1, F3, F7, T3, T5, C3, P3, O1) and
right (FP2, F4, F8, T4, T6, C4, P4, O2) regions for further
analysis. Relative power was used for analyses on the theta
band based on previous findings linking relative power
measures to better estimates for the theta band because (1)
relative power measurements tend to give larger estimates
for the dominant frequency range (Klimesch 1999), and (2)
individual variations are eliminated by computing the
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proportion of an individual frequency band relative to the
others (Chan et al. 2007). To examine the changes in rel-
ative theta power in response to the two treatment
conditions, a 2 x 2x 4 (Conditionx Timex Area) three-
way analyses of variance (ANOVA) with repeated mea-
sures was performed, with Condition (two levels: music,
TBRT), Time (two levels: baseline, during treatment con-
dition), and Area (four levels: anterior, posterior, left, right)
as within-subject factors. This was followed by post hoc #-
tests on the relative power of the theta band. To control for
inflated type I error as a result of multiple post hoc com-
parisons, Bonferroni correction with the adjusted alpha
level of 0.006 was employed.

Source Analysis

Previous findings implicated the anterior cingulate cortex
as a generator for frontal midline theta activity in the
human brain (Asada et al. 1999; Ishii et al. 1999; Pizza-
galli et al. 2001). To localize the sources of the theta
activity in response to the two treatment conditions (music/
TBRT) in the present study, we employed low-resolution
electromagnetic tomography (LORETA) (Pascual-Marqui
et al. 1994, 1999). The sources of the theta band computed
from scalp electrical potentials were expressed as three-
dimensional cortical current density according to the Ta-
lairach brain atlas. All EEG data used for FFT were
analyzed with LORETA for each treatment condition.

Frontal EEG Asymmetry

Among the different methods proposed to measure the
level and direction of asymmetry, the alpha asymmetry
index derived from subtracting the log-transformed alpha
power of two homologous electrodes is most commonly
used (Davidson et al. 2000b). Empirically, the measure of
alpha asymmetry has been shown to be effective and reli-
able in discriminating positive and negative emotions
(Davidson et al. 2003; Field et al. 1998), and greater
activation is generally associated with desynchronization
or decrease in alpha power (Klimesch 1999; Pivik et al.
1993; Urry et al. 2004).

On the basis of Davidson’s (2003) paradigm which links
frontal asymmetric activation to positive emotion, the
changes in asymmetric activation at four anterior electrode
sites (F3/4, F7/8, T3/4, and C3/4) in response to the two
treatment conditions (music/TBRT) were examined using
the asymmetry index. The asymmetry index is calculated
by subtracting the log-transformed absolute alpha power of
the left hemisphere from the analogous log-transformed
right hemisphere alpha power (log right-log left). Since
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alpha power is inversely associated with activation, a
positive asymmetry score that denotes greater alpha
activity on the right and less alpha power on the left would
suggest greater left-sided activation. On the contrary, a
negative score would represent greater activation on the
right. ANOVA with repeated measures with Condition
(music/TBRT) and Time (Time 1 being the eyes-closed
baseline, and Time 2 being the two respective treatment
conditions) as within-subject factors were performed for
each of the four anterior asymmetry measures.

Results
Relative Theta

All 19 students completed the EEG measurements of music
and TBRT. All data obtained from the experiment was
suitable for analysis and the theta profiles of the two
treatment conditions, music and TBRT, across the 19
electrode sites are presented in Fig. 1. Visual examination
showed that relative theta power was sharply elevated
across multiple channels during TBRT. ANOVA results for
the four cortical regions (anterior, posterior, left, and right)
indicated a significant Condition x Time interaction for
the theta band, F(3,54) = 3.621, p < .05. Hence, sub-
sequent z-tests were performed to explore the simple effects
of Condition (music, TBRT) in the anterior, posterior, left
and right regions, with the adjusted alpha level of p < .006
to control for inflated type I error. Means (SD) for relative
theta percentage (%) are presented in Table 1. There was
no significant difference for the theta band between the two
baselines (music-pre, TBRT-pre) in the two Conditions
(music, TBRT). The TBRT has shown significantly
increased relative theta power across the anterior, posterior
as well as the left and right regions as compared to the
baseline eyes-closed condition (ranges of ¢ values =
—3.737 to —4.825, p’s < .002). On the contrary, the music
condition only showed significant increase in relative theta
power over the posterior region when compared to the
baseline condition (¢t = —3.162, p < .006) (Fig. 2).

Localization of Theta Activity

Source analysis of the changes in the theta band from Time
1 (Baseline) to Time 2 of the two different treatment
conditions (music, TBRT) was computed as voxel-by-
voxel t-value. As shown in Fig. 3, LORETA analysis has
revealed that for the TBRT, the highest increase of theta
activity as indicated by the maximal difference in current
density of theta power, was located in the anterior cingulate
cortex whereas that for the music condition was in the
parietal region.
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Fig. 1 Changes of mean %r
relative theta power across the
19 channels from the two
corresponding baselines (music-
pre, TBRT-pre) to that of the
music (music) and mindfulness 20
exercise (TBRT) conditions

2F

° —@— Music Pre
", —&—TBRT Pre
- - @ - - Music

- - & - -TBRT

Table 1 Mean (SD) relative theta power values for music and
mindfulness exercise (TBRT)

Region Music TBRT
Mean (SD) Mean (SD)

Anterior

Baseline 18.08 4.27) 17.93 (4.01)

During 18.98 (4.14) 19.62 (4.38)*
Posterior

Baseline 12.40 (5.00) 12.73 (5.69)

During 13.76 (5.76)* 15.02 6.57)*
Left

Baseline 15.58 (4.44) 15.36 (4.46)

During 16.58 (4.62) 17.32 (5.03)*
Right

Baseline 15.60 (4.23) 15.75 (4.62)

During 16.66 (4.45) 17.62 (5.07)*

Italicised values are standard deviations in (). * different from
baseline, p<.006

Fig. 2 Topographic maps A
demonstrating the p-values of
the relative power paired z-tests
of theta between (a) the baseline
eyes-closed (music-pre) and the
music (music) conditions and
(b) the baseline eyes-closed
(TBRT-pre) and mindfulness
exercise (TBRT) conditions

10
FPl FP2 F3

F4 F7 F8 F, C3 C4 Cz T3 T4 T5 T6 P3 P4 Pz Ol O2
Frontal EEG Asymmetry

During the baseline assessment, no significant difference
was found between the baselines of the two treatment
conditions for any of the four anterior electrode sites (F3/4,
F7/8, T3/4, C3/4). To investigate changes in the four
anterior electrode sites during the treatment conditions,
ANOVAs with Condition and Time as factors were com-
puted and the main effects and interactions were examined.
In spite of the fact that no difference in alpha power
asymmetry was found in the central region (C3/4), signif-
icant main effects for Time were found in the frontal areas
(F3/4 [F(1,18) = 5425, p = 032] and F7/8 [F(ng) =
8.401, p = .010]) as well as at the anterior temporal region
(T3/4) [F(1,15) = 6.483, p = .02]. These results indicated
that both treatment conditions, TBRT and music, were
associated with less left anterior alpha power (i.e. more
left-sided activation) when compared with their respective
baseline eyes-closed conditions. Furthermore, although
TBRT was shown to be associated with less left anterior
alpha power, hence more left-sided activation, than music

Theta (4.0 - 7.5 Hz) B

Theta (4.0 - 7.5 Hz)

@ Springer



44

Appl Psychophysiol Biofeedback (2008) 33:39-47

Fig. 3 T-statistics of theta

activity during (a) TBRT

mindfulness exercise (Time 2)
as compared to the baseline
eyes-closed condition (Time 1).
The location of voxel is defined
by the Talairach coordinates (X,
Y, Z) and the most pronounced
increase in theta activity
between Time 1 and Time 2 was
found in the anterior cingulate

cortex. [Brodmann area 33;
t = 5.87 (p < .05)] during

(®.Y.2)(-3.3.29]) [mm] : [5.91E+0) TF=2 LORETA-KEY

TBRT, and (b) in the parietal
region [Brodmann area 40,

t = 5.87 (p < .05)] during the
music condition

+5em ()

[Y) +5 0 5 “10em

across the three anterior electrode sites (F3/4, F7/8 and T3/
4) (Fig. 4), this difference failed to reach significance as
shown by the non-significant Time x Condition interaction
effect for any of the anterior regions.

Discussion

The main purposes of the present study were to examine the
EEG pattern generated during the practice of the mindful-
ness-based TBRT and whether these changes in EEG
pattern was associated with the frontal attentional network.
Our results extended those of previous EEG studies of
meditation (Aftanas and Golosheikine 2001; Inanaga 1998;
Jacobs and Friedman 2004; Lou et al. 1999), and showed
that the TBRT was associated with significantly greater
relative theta power in both anterior and posterior regions of
the brain when compared with the music condition.
Although this result seems to be in line with previous
findings that attribute the widespread increase in theta
power to general reductions in the brain arousal systems
(Canteros et al. 2002; Jacobs and Friedman 2004), the rel-
atively poor spatial resolution of scalp-recorded brain
electrical activity does not provide definitive inference with
respect to the generator source of the increased theta
activity (Davidson et al. 2000; Pivik et al. 1993).

Our results from EEG-based LORETA analysis have
shown that the significantly increased theta activity during
TBRT was generated by the anterior cingulate cortex, an
area that has been widely reported to be involved in
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attention (Asada et al. 1999; Ishii et al. 1999; Pizzagalli
et al. 2003). Our findings are in agreement with previous
studies that reported increased frontal midline theta during
attention-demanding tasks (Asada et al. 1999; Ishii et al.
1999), and is found to be closely associated with the con-
centrative aspect of meditation (Aftanas and Golosheikine
2002; Dunn et al. 1999; Kubota et al. 2001; Lazar et al.
2000; Pan et al. 1994). Collectively, these results support
the idea that attention, rather than general reductions in
cortical arousal, is likely to be the principal psychological
response elicited by the ancient TBRT mindfulness medi-
tative exercise.

In addition to the attentional aspect of the TBRT, results
from this study also bear on the electrophysiological
changes associated with positive emotions as indexed by
frontal asymmetry. Recent studies have suggested that
greater left-sided anterior activation, indexed by decreased
alpha activity on the left hemisphere, is associated with
reduction in anxiety, higher levels of positive affect, and
feeling of well-being (Davidson et al. 2000b; Urry et al.
2004). Our results indicated that the TBRT and music were
both associated with significant increases in left-sided
anterior activation, thus supporting our hypothesis that the
TBRT is associated with increased positive emotions.
These results are also in line with findings from previous
studies that demonstrated the therapeutic effects of medi-
tation (Davidson et al. 2003) and music (Baranason et al.
1995; Field et al. 1998).

Taken together, our results revealed some electrophys-
iological findings that are consistent with the general
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Fig. 4 Alpha asymmetry during baseline (Time 1) and treatment
(Time 2) conditions for music (music) and mindfulness exercise
(TBRT). The ordinate represents a standard index that denotes right
minus left log-transformed alpha power in sz/Hz from (a) F3/4, (b)
F7/8, and (c¢) T3/4 electrode sites. Higher values of this index indicate
greater left-sided activation

understanding of the psychophysiological nature of medi-
tation, where theta and alpha activation were found to be
related to changes in attentional allocation and positive
affect (Aftanas and Golosheikine 2001; Cahn and Polich
2006; Dunn et al. 1999; Davidson et al. 2003). It is of
interest that we observed comparable results of increased
anterior left-sided activation during both TBRT and music
conditions, suggesting that both conditions were able to
induce positive emotions. However, increased frontal
midline theta activity suggesting the involvement of the
attentional network was observed only during the practice
of TBRT. In agreement with the findings in prior studies of
mindfulness-based interventions (Astin et al. 2003; Dunn
et al. 1999; Shapiro et al. 1998), our results suggested that

different EEG patterns were generated by the two different
relaxation methods, i.e., while music demonstrated merely
the relaxation effect, the ancient Chinese TBRT not only
relaxes but also induces a unique “mindfulness” state
in which relaxation and internalized attention coexist
(Aftanas and Golosheikine 2005; Creswell et al. 2007; Rai
1993). In other words, mindfulness is a process whereby
the brain is calm and relaxed, yet being awake and alert at
the same time.

Although this study showed demonstrable effects of the
mindfulness-based TBRT, there are several limitations and
suggestions for future research. Since this study only
examined the acute electrophysiological changes produced
during TBRT practice on young healthy college students,
further studies are needed to investigate the effects of
TBRT on other age cohorts and on clinical populations
across different conditions and diseases. For example, it
will be of interest to investigate the effects of TBRT to
reduce stress in patients with anxiety disorders; increase
positive affect in clinical depression; or improve attention
in children with attention-deficit hyperactivity disorder.

Although no structural change has been reported to be
associated with regular meditation practice (Aftanas and
Golosheikine 2005), longitudinal study of the long term
effects of TM has shown faster decision time and perfor-
mance speed in experienced TM practitioners (Cranson
et al. 1991). In light of these results suggesting that med-
itation produces positive long-term changes in brain
function, it will be very useful for future research to
examine whether extended practice of the mindfulness-
based TBRT would enhance the functioning of the neural
structures underlying this ancient form of meditative
practice.

Conclusion

Our study showed that during the practice of TBRT, an
ancient form of Chinese mindfulness meditation, partici-
pants were found to have significantly increased left-sided
anterior activation and frontal midline theta activity. These
results provided evidence to support that the TBRT gives
rise to positive emotional experience, accompanied by
focused internalized attention.
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