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Objective  Many studies have reported that Taekwondo training could improve body perception, control and brain activity, as assessed
with an electroencephalogram. This study aimed to assess body intelligence and brain connectivity in children with Taekwondo training
as compared to children without Taekwondo training.

Methods Fifteen children with Taekwondo training (TKD) and 13 age- and sex-matched children who had no previous experience of
Taekwondo training (controls) were recruited. Body intelligence, clinical characteristics and brain connectivity in all children were as-
sessed with the Body Intelligence Scale (BIS), self-report, and resting state functional magnetic resonance imaging.

Results The mean BIS score in the TKD group was higher than that in the control group. The TKD group showed increased low-fre-
quency fluctuations in the right frontal precentral gyrus and the right parietal precuneus, compared to the control group. The TKD group
showed positive cerebellum vermis (lobe VII) seed to the right frontal, left frontal, and left parietal lobe. The control group showed posi-
tive cerebellum seed to the left frontal, parietal, and occipital cortex. Relative to the control group, the TKD group showed increased func-
tional connectivity from cerebellum seed to the right inferior frontal gyrus.

Conclusion To the best of our knowledge, this is the first study to assess the effect of Taekwondo training on brain connectivity in chil-
dren. Taekwondo training improved body intelligence and brain connectivity from the cerebellum to the parietal and frontal cortex.
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INTRODUCTION

Body perception and brain in sports

The perception of body image is defined as the perception
of ones body size, appearance, and boundaries.' In addition,
body intelligence is defined as awareness and body sensation
originated from within the body and the body acting in re-
sponse to other action or environments.* Body perception con-
sists of afferent multisensory information from outside and
existing multifaceted neural body representation.” Addition-
ally, body representation is up-graded through a bidirection-
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al calibration of process using body perception and past body
representation.* Proprioception is defined as an individual’s
sense of the current status of the parts of one’s own body in
space. It is mainly informed from afferent signals linked with
muscle spindles, tendons, skin, and joints.* Within human de-
velopmental stages, body perception and intelligence is actively
developed from age 7 to 12.>° Body perception and postural
control is matured from 7 to 12 years old. Riach and Hayes re-
ported that the age of postural sway is 9-12 years old.> Cherng
et al.® suggested that the maturation of vision for standing bal-
ance at 7-10 years of age was the same as that of adults. Dur-
ing the young adolescent stage, postural control is trained by
activity and experience.”

Own-body perception and postural control depends on the
central nervous system to link sensory input from visual, so-
matosensory and vestibular systems with proper motor out-
put.® Own-body perception and experience is thought to be as-
sociated with the right hemisphere, and the right parietal lobe
in particular.* In addition, disturbance of the right hemisphere
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induces misperception of one’s own body.” Bauer et al."’ sug-
gested that primary somatosensory areas (BA 3a/3b) and left
parieto-frontal areas play important roles in processing pro-
prioceptive and own-body representation. Park et al.'' report-
ed that the volume of vermis lobule VI-VII was correlated with
static balance.

Taekwondo and body perception

Taekwondo is one of the most popular sports among chil-
dren and adolescents in Korea." Tackwondo training in child-
hood is known to be effective in physical, cognitive, emotional
and social development, including reduction of anxiety, en-
couraging independence and leadership, and controlling ag-
gression.” In addition, Taekwondo training can improve body
perception and intelligence with postural control and sensory
organization in healthy adolescents."* The components of Tae-
kwondo, including swift kicking, single leg standing, and fast
action are thought to be related with balance control.” Fong et
al.'® reported that 3 months of Taekwondo training could im-
prove standing balance in children with developmental coor-
dination disorder. Vancampfort et al.”” reported that 6 months
of physical activity could improve quality of life, perceived
sports competence, physical fitness and perceived body at-
tractiveness. In a study of the correlation between the central
nervous system and peripheral performance effect, the actions
(reaction time) of Taekwondo might be affected by brain func-
tion, which was stimulated by caffeine.'® However, few studies
have investigated the correlation between body perception and
brain function in Taekwondo training.

Hypothesis

In light of the increasing popularity of Tackwondo and as
Taekwondo training is begun in the school age period, there
is a need to examine the effects of Tackwondo training on body
perception and brain development. This study aimed to assess
body intelligence and brain connectivity in children with Tae-
kwondo training as compared to children without Taekwon-
do training. In addition, we explored the correlation between
body perception and brain connectivity in both groups.

METHODS

Participants

Fifteen children with Taekwondo training and 15 age- and
sex-matched children who had no previous experience of Tae-
kwondo training were recruited from the Department of Psy-
chiatry, Chung Ang University Hospital, Seoul, Korea. Depres-
sion symptoms and symptoms of attention deficit/hyperactivity
disorders (ADHD) were evaluated with the Child Depressive
Inventory (CDI)" and Dupaul's ADHD rating scale.” In addi-
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tion, intelligence in all children was assessed with the Korean-
Wechsler Intelligence Scale for Children-IV (K-WISC-IV).

Exclusion criteria included: 1) psychiatric disorders, includ-
ing depression and ADHD disorder, 2) history of head trau-
ma with loss of consciousness, seizure disorder, multiple scle-
rosis, brain tumor, claustrophobia, and 3) IQ <80. The research
protocol was approved by the Chung Ang University Hospital
Institutional Review Board. Written informed assent was pro-
vided by adolescents and written informed consent was pro-
vided by parents.

Body Intelligence Scale

The Body Intelligence Scale (BIS) consists of 18 items with
a 5-point Likert scale. It is composed of three subscales: the
Energy Body Awareness (E-BAS), Comfort Body Awareness
(C-BAS), and Inner Body Awareness subscales (I-BAS).> E-
BAS measures awareness of energy on the inside and the exte-
rior. Energy can be experienced through the five senses and
body functions. C-BAS measures the feeling of comfort with
one’s body and the feeling of being at home. I-BAS measures
awareness of minor changes inside of the body and changes in
external circumstances. Cronbach’s alphas for E-BAS, I-BAS,
and C-BAS were 0.88, 0.77, and 0.82, respectively.” Cronbach’s
alphas of the Korean version of the E-BAS, I-BAS, and C-BAS
were 0.73, 0.74, and 0.72, respectively.”'

Brain analysis

All magnetic resonance images were acquired using a 3.0
Tesla TX MRI scanner (Philips, Eindhoven, the Netherlands).
Resting-state fMRI images were acquired with the following
parameters: axially with an echo-planar imaging (EPI) sequ-
ence, TR/TE=3000/40 ms, 40 slices, 64x64 matrix, 90° flip an-
gle, 230-mm FOV, and 3-mm section thickness without a gap.
For each participant, the scan of 230 volumes lasted 720 sec-
onds. Data were analyzed using the Data Processing Assistant
for Resting-State fMRI (DPARSFA-http://www.restfmri.net),
which is plug-in software that works with Statistical Parame-
ter Mapping (SPMS, http://www.fil.ion.ucl.ac.uk/spm/soft-
ware/spm8/) and the Resting-State fMRI Data Analysis tool-
kit (REST, http://resting-fmri.sourceforge.net). Images were
corrected for slice acquisition time differences, realigned, nor-
malized, spatially smoothed with a 4-mm FWHM kernel, de-
trended and temporally band-pass filtered to 0.01-0.08 Hz. For
the time series of each voxel, the first eigenvector of the time
series in the white matter mask and the first eigenvector of the
times series in the cerebrospinal fluid mask were regressed by
using linear regression. To reduce physiological and other sourc-
es of noise and head motion-related covariates, an independent
component-based noise correction method was used.

Amplitude of low-frequency fluctuations (ALFF) and func-



tional connectivity (FC) were calculated from blood-oxygen-
ation level dependent (BOLD) signal in the TKD and control
groups. ALFF represents neural metabolic, hemodynamic, and
neurophysiological status.”” FC reflects signal synchronicity of
low frequency fluctuation activity between different brain ar-
eas or brain network.” FC analysis was applied to assess func-
tional brain activity using REST software (seed regions approach).
The protocol consisted of extracting the average BOLD time
courses from a seed and computing the Pearson's correlation
coeficients between this average time course and the BOLD
time course of every other voxel. The correlation coefficients
were converted to normally distributed z-scores using Fisher’s
z-transform. On first-level analysis of the comparisons between
children with Taekwondo training and controls, ALFF analy-
sis and functional connectivity maps with the cerebellum seed
were formed using a two-sample t-test. For multiple compari-
sons with an extent of more than 40 contiguous voxels and par-
ticipants to cluster analysis, the resulting maps were set to thresh-
old using a p<0.05 family-wise corrected type I error rate using
Monte Carlo simulation (derived from an uncorrected p<0.001
and 40 extended voxels). On second analysis, the correlation
between BSI scores and eigenvalue of clusters which were found
in first analysis was examined. Brain cell activity is allowed to
flow around the network through synapses in brain. At each
activation, a single unit of activity is transferred between a pair
of neurons. During that transfer of activity, the spectrum of func-
tional activity was represented by eigenvalue.

RESULTS

Demographic characteristics and BIS

There were no significant differences in age, education years,
IQ, ARS-K scores, and CDI scores between children with Tae-
kwondo training (TKD) and children without Taekwondo train-
ing (controls) (Table 1). However, the mean BIS score (77.1%

Table 1. Demographic characteristics
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4.9) in TKD was higher than that (71.317.7) in controls. In
addition, E-BAS score (27.9%1.7) and I-BAS score (26.1+1.7)
in TKD were higher than those (24.6+3.7; 22.6+3.1) in con-
trols. The TKD group had 1,480 hours of Taekwondo training
(2 hours/dayx5 days/weekx37 months) (Table 1).

ALFF and FC analysis

The TKD group showed increased ALFF in the right fron-
tal precentral gyrus and right parietal precuneus, compared
to the control group (Figure 1). The TKD group showed posi-

Right

Figure 1. The comparison of amplitude of low-frequency fluctua-
tions (ALFF) between children with taekwondo training and control
groups. Red regions: increased ALFF in The TKD group, compared
to the control group. 1: right frontal precentral gyrus (Broadmann
6), Talairach code x, y, z=39, 0, 33, clusters (ke)=41, T=4.49, uncor-
rected p<0.001, 2: right parietal precuneus (Broadmann 19), Ta-
lairach code x, y, z=30, -60, 39, clusters (ke)=46, T=3.89, uncorrect-
ed p<0.001.

Taekwondo (N=15) Controls (N=13) Statistics

Sex (male/female) 12/3 10/5 X*=2.12, p=0.15
Age 12.610.9 11.9£1.2 2=1.62, p=0.11
Education years 5.6+0.9 49+1.2 z=1.61, p=0.11
TKD training (months) 37.119.7 - -
1Q 99.0£10.1 98.6+10.7 z=0.27, p=0.79
ARS-K 44131 5.8%3.7 z=-1.16, p=0.24
CDI 6.914.6 59+3.9 2=0.39, p=0.69
BIS 77.114.9 71.3+7.7 2=2.33, p=0.02

E-BAS 27.9%1.7 24.613.7 2=2.87,p<0.01

C-BAS 23.114.3 24.1+4.4 2=-0.62, p=0.53

I-BAS 26.1£1.7 22.613.1 2=2.33, p=0.01

ARS-K: Dupaul's ADHD Rating Scale, CDI: Childrens Depression Inventory, BIS: Body Intelligence Scale, E-BAS: Energy Body Awareness, C-

BAS: Comfort Body Awareness, I-BAS: Inner Body Awareness
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tive cerebellum vermis (lobe VII) seed to the right frontal, left
frontal and left parietal lobe. The control group showed posi-
tive cerebellum vermis (lobe VII) seed to the left frontal, pari-
etal, and occipital cortex. Relative to the control group, the TKD
group showed increased functional connectivity from cerebel-
lum vermis (lobe VII) seed to the right inferior frontal gyrus
(Figure 2, Table 2).

Correlations between BIS and brain activity

The brain activity (eigenvalue) of the precentral gyrus in all
children was positively correlated with the mean total scores
of BIS (r=0.53, p=0.03). In post hoc analysis, the brain activity
of the precentral gyrus in TKD group was positively correlat-
ed with the mean total scores of BIS (r=0.71, p=0.03). Howev-

er, the brain activity of the precentral gyrus in control group
was not correlated with the mean total scores of BIS (Figure 3).
There was no significant correlation between BSI scores and
the eigenvalue of other clusters. The number of TKD training
months was positively correlated with total BIS scores. How-
ever, there was no statistical significance (r=0.44, p=0.11).

DISCUSSION

To the best of our knowledge, this is the first study to assess
the effect of Tackwondo training on brain connectivity in chil-
dren. The present study assessed body perception and brain
function by measuring ALFF and cerebellum seed functional
connectivity on resting-state functional MRI in children with

Table 2. Functional connectivity from cerebellum seed to other brain areas

Talairach code
T, Pewe<oos KeE Regions
X y z
Taekwondo 6 -60 -36 13.36, <0.001 745 1) Right cerebellum, cerebellar tonsil
-24 36 33 10.16, 0.005 109 2) Left middle frontal gyrus, BA 9
18 12 57 9.94, 0.007 108 3) Right middle frontal gyrus, BA 6
24 54 42 8.97,0.023 100 4) Right superior frontal gyrus, BA 9
-9 -69 66 8.86, 0.026 100 5) Left parietal lobe, precuneus, BA 7
Controls 24 -63 -33 16.04, <0.001 239 1) Right cerebellum, cerebellar tonsil
-6 -72 57 15.26, <0.001 276 6) Left superior parietal lobule, BA 7
-33 42 42 13.49, <0.001 127 7) Left middle frontal gyrus, BA 8
-42 3 54 12.21,0.001 143 8) Left middle frontal gyrus, BA 6
-3 -96 -15 11.87,0.001 102 9) Left lingual gyrus, BA 18
0 -87 18 10.71, 0.003 100 10) Left cuneus, BA 18
Group contrast 39 33 6 T=4.88, Puncorrectea<0.001 115 11) Right inferior frontal gyrus, BA 46

BA: Broadmann area, ke: clusters

Control group

Group contrast

Figure 2. Functional connectivity from cerebellum seed to other brain areas. Red regions: increased functional connectivity from cerebellum
vermis (lobe VII) seed to the right inferior frontal gyrus in Taeckwondo group, compared to control group, see Table 2.
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Figure 3. The correlation between brain

A activity within precentral gyrus and body

at intelligence scale. A: correlation between
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Taekwondo training. Relative to the control group, the TKD
group showed increased body intelligence scores, increased
ALFF value within the right precentral and precuneus areas,
and increased connectivity between the cerebellum seed re-
gion to the right frontal cortex.

BIS and Taekwondo

The TKD group showed increased BIS scores, especially E-
BAS and I-BAS, compared to the control group. Those results
indicate that TKD training improved the sense of body func-
tioning in response to energy felt inside the physical body and
exterior, as well as emotional control in response to the stress
of inner body and external circumstances.> TKD athletes may
perceive themselves through complex body actions where
imagination, fantasy, and the biological dimension of the body
are intertwined.">** Taekwondo is composed of complex body
actions.” The performance in sport is a conflicting strategy (what
action means in space) and the conflicting tactic of bodies-in-
space.” Vassiliki and Dimitra reported that TKD and Judo ath-
letes had higher levels of emotional intelligence and healthier
body image, compared to non-athlete controls.** Hauser et al.*®
reported that adolescents who accept their body have higher
self-respect than those to hate their body, but on the contrary,
a loss of physical organs and functions leads to inferior body
image and inferior self-concept. Tackwondo training is known
to encourage self-efficacy, confidence, and leadership cultiva-
tion, which studies have reported to be effective in improving
learning efficiency.””*® We speculate that improvement in self-
confidence and personal characteristics may be due to the body
intelligence trained by Taekwondo body action.” Future stud-
ies should directly assess the correlation between body intelli-
gence and personal changes.

Increased ALFF and FC

The TKD group showed increased ALFF in the right fron-
tal precentral gyrus and right parietal precuneus, compared
to control groups. In addition, the brain activity of the precen-
tral gyrus was positively correlated with BIS score in the cur-
rent study. Physical exercise, including TKD training, may be

adapted to brain network change.*>*' The precentral gyrus is
known to be associated with the sense of space and time.” In
addition, the precuneus plays a role in consciousness.” With
evidence that the pattern of theta activity within the precentral
gyrus, precuneus, right temporoparietal junctions, and cere-
bellum in response to the experiences of time, space, and body
perception, Berkovich-Ohana* posited that the sense of time
and space would be related to the body sensing process. Hodzic
et al.” suggested that the right superior and inferior parietal
cortices were involved in the analysis of body-related informa-
tion.” In the current study, in the TKD group, the cerebellum
was functionally connected to the right frontal cortex, while in
the control group, the cerebellum was functionally connected
to the left frontal and parietal cortices. The right hemisphere is
known to be associated with the sense of space and body per-
ception.*’ In addition, the somatosensory network, including
the parietal cortex and insular cortex, was associated with the
feeling of limb ownership.** The prefrontal cortex is known to
be associated with self-referential processing” and self-percep-
tion.” Increased brain activity and functional connectivity may
be due to continuous behavioral stimuli (complex Taekwondo
actions).” Taken together, we suggest that TKD training may
improve activity within brain areas which are associated with
body perception and self-control.

Limitations

There were several limitations to the current research. First,
the small number of subjects was not sufficient to generalize
the results. Second, the design of cross-sectional study is not
enough showing the effect of Taekwondo training on brain
connectivity. Finally, body perception and intelligence were as-
sessed on a personal perception scale only. Future studies re-
quire a larger number of follow up cohort and assessment of
body intelligence using physical methods.

Conclusions

Taekwondo training improved body intelligence and brain
connectivity from the cerebellum to the parietal and frontal
cortex.
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